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ABSTRACT

Background: Sickle cell disease (SCD) is the most prevalent inherited haemoglobinopathy characterised by chronic pain with
acute painful episodes due to vaso-occlusion. The effective management of pain by adults with SCD influences their health out-
comes. Opioids remain essential for most pain syndromes, but non-pharmacological interventions are preferred for daily pain
due to the risk of addiction. However, their effectiveness is variable. Understanding the underlying processes associated with
pain is crucial for developing more effective non-pharmacological strategies. This study aimed to enhance comprehension of the
pain mechanisms in SCD to identify potential areas of action for effective non-pharmacological interventions.

Method: An evaluation was conducted on the severity and interference of pain, pain-related cognitions and emotions. We used
network analysis to simultaneously examine the intricate relationships between these variables.

Results: A pain intensity exceeding 4 at a steady state distinguishes a subgroup at elevated risk of negative pain-related emotions
and cognitions. The network analysis revealed intricate interconnections, with three distinct subgroups of variables mimick-
ing the Neuromatrix model (cognitive-evaluative, motivational-affective and sensory-discriminative subgroups). The derived
directed acyclic graph suggests potential mechanisms between these three subgroups, with catastrophising having a pivotal role.
Conclusion: This study extends previous research by providing a comprehensive network analysis of pain-related variables in
SCD, offering novel insights into the complex interplay between pain experience, cognitions and emotions. These findings have
important clinical implications, as they suggest that targeting dysfunctional pain cognitions and/or negative emotions may be
beneficial for improving pain management and quality of life in SCD.

Significance Statement: This study was the first to use network analyses to understand simultaneously multiple relationships
between variables referring to pain, and pain-related negative emotions and cognitions in adults with SCD. Findings, providing
support to the Neuromatrix model, offer novel insight to better understand pain and the associated negative emotions and cogni-
tion in SCD. The derived directed acyclic graph explored potential underlying psychological processes associated with pain that
could be specifically targeted by future effective psychological interventions.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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1 | Background

Sickle cell disease (SCD) is the most prevalent inherited hae-
moglobinopathy (Piel et al. 2017), characterised by chronic
haemolytic anaemia, recurrent vaso-occlusive crises (VOC), pro-
gressive organ damage and reduced life expectancy (Houwing
et al. 2019). Despite advances in haematopoietic stem cell trans-
plantation and gene therapy (Tanhehco and Bhatia 2019), thera-
peutic options remain limited. In addition to VOC, other sources
of pain impact quality of life, including avascular necrosis, leg
ulcers, bone infarcts, chronic osteomyelitis, priapism, and he-
patic and splenic sequestration (Ballas and Darbari 2020).

Patients' health status is influenced by their ability to manage
their disease, particularly pain (Levenson 2008). Treatment
options encompass both long-term strategies (hydroxyurea at-
tenuates VOC; Shah et al. 2019) and acute-phase interventions
(Lugthart et al. 2024). Despite other disease-modifying thera-
pies existing, opioids remain central in acute pain management
(Booker et al. 2006). Unfortunately, many patients develop
addiction and resistance to opioids (Ruta and Ballas 2016),
complicating pain management, making pain refractory and re-
quiring other medications (e.g., ketamine, epidural or regional
anaesthesia). Non-pharmacological interventions are underex-
plored (Anie and Green 2015; Chen et al. 2004; Edwards and
Edwards 2010; Hildenbrand et al. 2014). A comprehensive re-
view of 28 non-pharmacological interventions (Williams and
Tanabe 2016) suggests unsystematic benefits, due to the limited
understanding of underlying psychological processes associ-
ated. This is an important limitation for developing more effec-
tive non-pharmacological strategies.

Kenney and Smith (2022) introduced an explanatory model for
SCD pain based on the Neuromatrix framework (Melzack 2001).
This neurophysiological model posits that the central nervous
system contains a ‘body-self Neuromatrix’ integrating sensory-
discriminative (pain characteristics), cognitive-evaluative
(pain experience interpretation; Moseley and Arntz 2007) and
motivational-affective (emotional dimension; Price 2000) inputs
to generate the subjective experience of pain. Their interaction
results in pain perception, motor responses (voluntary or invol-
untary) and stress responses.

In SCD, studies provide indirect support for the Neuromatrix
model which could serve as a foundation for the development of
non-pharmacological interventions. For example, although VOC
is considered a primary driver of pain (sensory-discriminative
input), recent research suggests other physiological and psy-
chological factors also trigger pain (Ballas and Darbari 2020;
Edwards et al. 2014): anxiety and/or depression are systemat-
ically associated with pain (e.g., Levenson et al. 2008; Master
et al. 2016; Schlaeger et al. 2019); pain catastrophising is associ-
ated with greater distress and poorer management (e.g., Bakshi
et al. 2018; Citero et al. 2007; Schneider et al. 2022); and trauma-
tism associated with pain increases negative emotions and cog-
nition, thus leading to poorer pain management (Childerhose
et al. 2023; Hofmann et al. 2007).

Aligning with the Neuromatrix framework, we believe that
these elements form an intricate network of interconnected

variables, influencing each other. To fully comprehend the com-
plex psychological processes underlying pain in SCD, we should
consider these interactions, which are not fully realised by
Kenney et al. (2024). Network analysis (NA) provides a suitable
framework to better understand the intricate mechanisms that
contribute to the pain experience in SCD. To our knowledge, no
published study has used NA to gain a deeper understanding
of the pain experienced in SCD. Thus, our primary aim was to
enhance comprehension of the mechanisms underpinning pain
in SCD, thereby identifying potential areas of action for effective
non-pharmacological interventions by exploring the relation-
ship between variables referring to the pain experience in adults
with SCD using NA.

2 | Method

A cross-sectional study was conducted between 22 January and
19 July 2020 at the Red Blood Cell Genetic Disease Unit of Henri
Mondor Teaching Hospital (UMGGR). The study received eth-
ical approval from the French Ethics Committee (CPP Sud-Est
2; reference: 2018-A01662-53). Data were collected anonymously
via surveys, adhering to national and international ethical
guidelines (French law, Helsinki Declaration) and data protec-
tion regulations (GRPD).

2.1 | Patients’ Recruitment and Selection

Patients eligible for the study were pre-selected by the clini-
cians from the lists of appointments for normally scheduled
medical consultations according to inclusion, non-inclusion
and exclusion criteria, with the aim of having patients in a
steady state. Potential participants were approached in the
waiting room, before their normally scheduled medical ap-
pointment at the UMGGR, by the principal investigator or a
trained research nurse assistant. After a detailed explanation
of the study and provision of a written information notice,
those who consented signed an informed consent form after
their medical appointment (As all subjects included in this
study were adults under French law, i.e., aged 18 and over, and
not under legal guardianship, no additional authorisation was
required from the patients). Eligible participants were then
administered questionnaires.

Were included adult volunteers (aged 18 or older) with SCD who
had a medical follow-up by a physician of the UMGGR. Non-
inclusion criteria were the following: individuals with severe
difficulties in understanding French that would hinder their
ability to complete the questionnaires or respond orally to ques-
tions. Exclusion criteria targeted patients in hospitalisation or
hospitalised in the month (30days) for pain (VOC or acute chest
syndrome), as we focused on steady-state respondents; patients
enrolled in a blood transfusion programme (e.g., erythropher-
esis), as they do not have acute pain episodes. Patients hospi-
talised in the previous month for programmed normal care
were considered for inclusion. Adults with SCD and another
unrelated chronic disease that could potentially influence their
pain experience, as determined by clinicians at inclusion, were
excluded.
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2.2 | Explored Variables
2.2.1 | Descriptive Data

Sociodemographic (gender, age, education level and place of
birth) and medical data (genotype, foetal haemoglobin level
[HbF], mean corpuscular volume [MCV] and data on hydroxy-
urea [HU] prescription) were extracted from electronic medical
records by clinicians at the time of enrolment.

2.2.2 | Psychometric Assessment of Pain Experience

2.2.2.1 | Pain Experience: Brief Pain Inventory
(BPI). The BPI(Cleeland and Ryan 1994) is a bi-factor instru-
ment designed to assess pain severity and pain interference (val-
idation of the French version: Poundja et al. 2007).

The pain severity factor comprises four items, each rated on
a 0-10 intensity scale, with 0 representing ‘No pain’ and 10
indicating, ‘Pain as bad as you can imagine’. Participants are
asked to rate their worst, least, average and current pain levels
within the past 7days. The pain interference factor consists
of seven items, rated on a 0-10 intensity scale, that measure
the impact of pain on general activity, mood, walking ability,
normal work, relationships, sleep and enjoyment of life within
the past 7days.

For this study, we employed the aggregate scores of each fac-
tor, calculated by averaging the scores of the constituent items.
Thus, the pain severity factor score was the mean of the four
items, and the pain interference factor score was the mean of the
seven items. No cut-off or threshold was defined.

Two studies, employing modest sample sizes (n=69, Driscoll
et al. 2017; n=71, O'Brien et al. 2025), have reported on the
challenges experienced by adults with SCD when completing
the BPI within a US context. In France, its psychometric prop-
erties was validated among adults with SCD, exhibiting satis-
factory performance (Oudin Doglioni 2021). In our sample, the
BPI demonstrated very high internal consistency, as measured
by McDonald's omega (w=10.93).

2.2.2.2 | Pain-Related Beliefs: Pain Beliefs
and Perceptions Inventory (PBPI). The PBPI (Wil-
liams and Thorn 1989) is a 16-item questionnaire evaluating
patients’ own conceptualisations of what pain is and what
pain means to them (validation of the French version: Dany
et al. 2009). PBPI is a four-factor instrument that measures
pain as a mystery (pain is perceived as unexplainable), pain
as permanent (pain is perceived as possibly long-lasting or as
potentially chronic), pain as constant (temporal aspect of pain
perceived as intermittent vs. constant) and self-blame reflect-
ing a feeling of responsibility.

The assessment of all items is conducted on a Likert scale that
ranges from —2 (‘strongly disagree’) to 2 (‘strongly agree’),
with no central modality. The score for each factor is obtained
by averaging the scores of the items that comprise it. No cut-
off or threshold was defined in the original version. A French

calibration of scores exists based on an equal five classes distri-
bution (quintile), with each class comprising 20% of the subjects
included (Roussel et al. 2010). However, this was not utilised in
the present study. The interpretation of the scores follows that of
the original version: the higher the score, the more respondents
accept the belief.

To the best of our knowledge, the PBPI has only been utilised
in one other study, which focused on adolescents suffering from
SCD (Fletcher 2000). In France, the psychometric properties
of the PBPI were validated among adults with SCD, exhibiting
satisfactory performance (Oudin Doglioni 2021). In our sample,
internal consistency was high (v =0.76).

2.2.2.3 | Pain-Related Cognitive Mechanisms of Cop-
ing: Pain Catastrophising Scale (PCS). Catastrophising
is a cognitive mechanism of negative coping with pain experi-
ence (Sullivan et al. 1995). The PCS (validation of the French
version: French et al. 2005) is a 13-item instrument evaluat-
ing catastrophising as a three-dimensional construct: mag-
nification reflects the cognitive exaggeration of perceived
pain stimuli, rumination is a cognitive focalisation on
pain, and helplessness emphasises the negative appraisal in
pain situations.

The 13 items under consideration are evaluated using a 5-point
frequency scale, ranging from ‘not at all’ to ‘all the time’, with
a scale value of zero to four. Four scores can be calculated: a
total score and scores for each dimension. These scores are
obtained by summing up the items. French et al. (2005) indi-
cated a threshold of 22 to distinguish ‘catastrophiser’ from
‘non-catastrophiser’.

The PCS was extensively utilised in the context of SCD, encom-
passing both paediatric and adult patients. In our sample, inter-
nal consistency was high (w=0.93).

2.2.2.4 | Pain as Trigger of Traumatism Mechanisms:
Sensitivity to Pain Traumatisation Scale (SPTS-12). Sen-
sitivity to pain traumatisation is defined as the propensity to
develop cognitive, affective and behavioural responses to pain
that resemble a traumatic stress reaction (Katz et al. 2017). The
concept of pain traumatisation seeks to explain the crucial part
played by anxiety in the experience of pain, with reference to
the strong inter-relationship between the three most commonly
used constructs of pain-related anxiety, namely pain anxiety,
dramatisation and anxiety sensitivity.

SPTS-12 comprises 12 items that are evaluated using a 5-point
Likert scale, ranging from 0 ‘strongly disagree’ to 4, ‘strongly
agree’. The total score is derived by summing up the item scores.
No threshold or cut-off is proposed by the authors.

SPTS-12 is a recently developed instrument for which formal
validation in France has not yet been conducted. This scale had
not yet been employed in a study on individuals living with SCD.
However, the psychometric properties of the scale were evalu-
ated in a French context, and satisfactory performance was ex-
hibited (Oudin Doglioni 2021). In our sample, SPTS-12 internal
consistency was high (& =0.88).
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2.2.3 | Psychometric Evaluation of Emotional
Covariates of the Pain Experience

2.2.31 | Anxiety and Depression: Hospital Anxiety
and Depression Scale (HADS). Depression and anxiety
are well-established comorbidities of acute and chronic pain
conditions (Asmundson and Katz 2009). Research indicates a
higher prevalence of pain among individuals with depression
or anxiety, and conversely, a higher prevalence of depression
or anxiety among individuals experiencing pain compared to
the general population (Lerman et al. 2015). To assess these
psychological factors, we employed the 14-item HADS (Zig-
mond and Snaith 1983), as recommended by Oudin Doglioni
et al. (2021), which excludes items that overlap with the neu-
rovegetative symptoms characteristic of SCD. In our sample,
HADS internal consistency was good (& =0.75).

2.2.3.2 | Alexithymia: Toronto Alexithymia Scale
(TAS-20). Alexithymia, characterised by difficulties in
identifying and describing self-emotions and a tendency to
focus on external events rather than internal feelings (Bagby
et al. 1994), is a multidimensional construct that may contrib-
ute to the development and exacerbation of pain symptoms.
By impairing emotion processing and regulation, alexithymia
can lead patients to misinterpret emotional arousal as physical
symptoms, resulting in unnecessary medical attention (Di Tella
and Castelli 2016). To assess alexithymia within our population,
we used the well-validated 20-item TAS-20 (Bagby et al. 1994),
which demonstrated strong internal consistency in our sample
(©=0.80). In this study, we used the total TAS-20 score, as we
were interested in the general level of alexithymia rather than
the specific underlying processes.

2.2.3.3 | Cognitive-Emotional Processing: Emotional
Processing Scale (EPS-25). Rachman (1980) initially
proposed the concept of emotional processing. He described
it as a mechanism whereby emotional distress is gradually
resolved, enabling uninterrupted engagement in other activ-
ities and behaviours. Incomplete emotional processing can
manifest in various psychological and physical symptoms
(Baker et al. 2007). EPS-25 is a self-report measure designed
to assess individual differences in emotional processing styles
and potential deficits (Baker et al. 2007). It consists of five
subscales: suppression, signs of unprocessed emotion, unreg-
ulated emotion, avoidance and impoverished emotional expe-
rience (Gay et al. 2019). For this study, we utilised the total
EPS-25 score, as we were primarily interested in overall emo-
tional processing difficulties rather than specific subscale
profiles. The internal consistency of the EPS-25 in our sample
was high (&0 =0.94).

2.3 | Statistical Procedure
2.3.1 | Descriptive and Bivariate Analysis

Standard descriptive and bivariate statistical analyses were em-
ployed. Descriptive statistics included measures of central ten-
dency (mean and median) and dispersion (percentage). Bivariate
analyses comprised mean comparisons (Student's ¢-test, ANOVA
or nonparametric equivalents, as appropriate) and correlation

analysis (Pearson's r correlation coefficient). All descriptive and
bivariate analyses were conducted using Jamovi (The Jamovi
Project 2020).

The potentially existing relationships (correlation) or differences
(mean comparison) between, on the one hand, the variables re-
ferring to the evaluation of the experience of pain and, on the
other hand, the sociodemographic and medical variables were
systematically evaluated. Only statistically significant relation-
ships or differences were reported. Exceptionally, we reported
non-significant relationships or differences to confirm the exis-
tence of no difference (particularly for genotypes). In addition,
we assessed the relationship in-between all the variables refer-
ring to the experience of pain. Statistically significant relation-
ships were systematically reported. When no relationship was
reported, it should be understood as statistically non-significant.
Regarding the sociodemographic and medical data, we re-
frained from reporting all statistically significant differences or
relationships. We have endeavoured to provide the most relevant
information for healthcare professionals and clinicians to pic-
ture the population covered by the network analyses.

2.3.2 | Network Analysis (NA) in Psychology

Unlike structural equation modelling, which relies on a prede-
termined cause-effect structure, NA provides an exploratory
data-driven framework to investigate how variables inter-
twine, highlighting those with the most significant influence
(Borsboom and Cramer 2013). A key advantage of NA lies in
its utilisation of partial correlations or predictive values to as-
sess associations between variables (Epskamp, Borsboom,
et al. 2018). These measures quantify the strength of a relation-
ship while accounting for the effects of other variables in the
network model, akin to multiple regression coefficients. This ap-
proach lends support for conditional processes, demonstrating
how variables interact in the presence of other factors, which
could be depicted by a directed acyclic graph (DAG), derived
from the NA, suggesting a potential psychological mechanism
(Borsboom and Cramer 2013). Cross-sectional networks provide
insights into variable covariation and the network typology they
form or psychological processes they suggest. This method ex-
plores how variables interact and identifies those with greater
centrality in the network (Borsboom and Cramer 2013). By
doing so, they inform on the potential role of triggering and
maintaining factors, which could therefore be targets of inter-
ventions (Bringmann et al. 2019). By focusing on central nodes
or traits, such intervention would affect other nearby nodes and
therefore the entire network. Although cross-sectional networks
provide insights into potential processes or mechanisms, they do
not imply demonstrated causality.

Data analyses were performed using the R software (Version
4.3.2) (R Core Team 2023). The NA methodology adopted in
this study adheres to established network research protocols
(Bernstein et al. 2019; Burger et al. 2020; Isvoranu et al. 2021;
Van Zyl 2021) and largely draws from the approach developed by
Epskamp, Borsboom, et al. (2018). NA encompasses three prin-
cipal phases (Epskamp, Borsboom, et al. 2018): (1) estimation of
the statistical model underlying the data used to construct the
network, (2) analysis of the weighted network structure utilising
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graph theory (e.g., to examine node centrality) and (3) evaluation
of the accuracy of the network parameters and measures.

One of the fundamental premises of NA is that the data must
exhibit a multivariate normal distribution for psychological
NA on continuous data to be conducted (Epskamp, Borsboom,
et al. 2018). To address this issue, following established guide-
lines in the field (Epskamp, Borsboom, et al. 2018), we employed
the non-paranormal transformation, using the Huge R package
(Jiang et al. 2022) to normalise the data before estimating the
Gaussian Graphical Model (GGM).

2.3.2.1 | Step 1: Estimation of the Network Model. This
study primarily employed undirected networks, where nodes
represent variables connected through non-directional edges
(Hevey 2018). Pairwise Markov Random Fields (PMRFs) (Cos-
tantini et al. 2015) were utilised to estimate psychological net-
works through GGMs of partial correlation coefficients between
pairs of variables after conditioning on the remaining vari-
ables in the dataset (i.e., the relationship between the two vari-
ables cannot be solely attributed to any other variable/node in
the model) (Epskamp, Waldorp, et al. 2018).

A frequently employed method for estimating GGM structures
in prior studies is the EBICglasso algorithm (Epskamp and
Fried 2018), which utilises the graphical LASSO algorithm
(glasso) (Friedman et al. 2008) in conjunction with the extended
Bayesian information criterion (EBIC) (Chen and Chen 2008)
for tuning parameter selection to determine a regularised GGM
based on a correlation matrix as input.

For network visualisation, the ggraph R package was employed.
The network layout is based on the Fruchterman-Reingold algo-
rithm representation (Fruchterman and Reingold 1991), which
optimises the layout such that nodes with weaker connections
and fewer edges are positioned further apart, while nodes with
stronger connections and more edges are placed closer together
(Epskamp, Borsboom, et al. 2018).

2.3.2.2 | Step 2: Analysis of the Weighted Network
Structure and Centrality Indices. The second step
involved examining not only the structure of the network but
also the strength of the connections between pairs of nodes
(Epskamp, Borsboom, et al. 2018). This was achieved by evalu-
ating the edge weight, which can be either positive or negative
(sign) and vary in strength (strength) (Newman 2010).

The relative importance of individual nodes was assessed by
measuring node strength, which reflects the magnitude of di-
rect associations with other nodes (the sum of the strengths of
all edges connected to a given node) (Costantini et al. 2015).
Other strength indicators (e.g., closeness and betweenness) were
not considered in this study due to conceptual concerns regard-
ing their applicability to psychological networks (Bringmann
et al. 2019).

In line with previous studies (Bernstein et al. 2019; Burger
et al. 2020; Isvoranu et al. 2021; Van Zyl 2021), a community
analysis was conducted to explore the presence of subnetworks
within the network structure (Traag and Bruggeman 2009).
This analysis was performed using the Exploratory Graph

Analysis (EGA), which utilises the Walktrap algorithm to iden-
tify clusters of densely connected nodes, also known as com-
munities (Golino and Epskamp 2017). If communities were
identified within the main network, subsequent analyses would
not be conducted, consistent with the exploratory nature of this
study. EGA was applied using the EGAnet package for R (Golino
et al. 2023).

2.3.2.3 | Step 3: Evaluation of the Accuracy of the Net-
work Parameters and Measures. To evaluate the accu-
racy of the network and estimators, additional analyses were
conducted. For edge-weight accuracy, 95% confidence inter-
vals containing the true parameter value were estimated using
bootstrapping (Epskamp, Borsboom, et al. 2018). In this study,
nonparametric bootstrapping was employed (Epskamp, Bors-
boom, et al. 2018). To assess centrality, stability and accuracy,
a case-dropping subset bootstrapping approach was utilised
(Epskamp, Borsboom, et al. 2018). Stability was measured using
the correlation stability coefficient (CSC), which represents
the maximum proportion of cases that can be discarded while
maintaining a 95% probability that the correlation between
the original centrality indices and the centrality of networks
derived from subsets remains higher than a predefined threshold
(typically cor=0.70). CSC values should exceed 0.25 and ideally
surpass 0.50. The bootnet package for R was employed to execute
both the nonparametric and case-dropping bootstrapping proce-
dures, with 1000 bootstrap samples (Epskamp and Fried 2023).

2.3.3 | Directed Acyclic Graphs

Directed networks were explored through Bayesian Networks,
represented in a DAG framework (Epskamp, Waldorp,
et al. 2018). The bnlearn package for R was utilised to achieve
this (Scutari et al. 2023), employing the Inductive Causation
PC-stable algorithm. No arrows were ‘blacklisted’ (excluded).
The algorithm generates an initially directed model that is not
uniquely identified, implying that multiple edges could be re-
versed without altering the conditional independence (Briganti
et al. 2023). To enhance the robustness of the findings, the model
was bootstrapped 1000 times to unveil a stable network exhib-
iting the most prevalent directed arrows (Briganti et al. 2023).
Arrows present in more than half (>50%) of bootstrapped net-
works were retained in the final model.

2.3.4 | Missing Data Management

For the descriptive and bivariate analyses, a complete case
analysis approach was adopted, including n =517 respondents,
meaning that no respondents with missing data were excluded,
and no imputation techniques were used. This approach was
chosen to maximise sample size and minimise potential bias.
Total sample sizes for each variable were indicated in Table 1
and Table 2.

However, due to the sensitivity of NA to missing data, a more
conservative approach was necessary. Respondents with miss-
ing data on any of the variables included in the NA (pain experi-
ence, pain-related covariates and emotional covariates to pain)
were excluded, leaving n =367 respondents (Figure S1). This
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TABLE 1 | Sociodemographic and medical characteristics of the total sample (n=517) and network analysis subsample (n=367) French adults

with sickle cell disease.

Total sample

Sample included in NA (n=367)

Variables Subcategories N, .., M/n (%) SD Min Max M/n (%) SD Min Max
Age 516 40.11 11.48 19 73 39.69 11.15 19 73
Gender Female 515 319 (61.9%) 233 (63.5%)

Study < Bac 506 158 (31.2%) 105 (28.9%)
level* Without 60 (11.9%) 41 (11.3%)
diploma
BEPC/Brevet/ 98 (19.4%) 64 (17.6%)
CAP
Bac 80 (15.8%) 48 (13.2%)
> Bac 268 (53.0%) 210 (57.8%)
Place of France 514 229 (44.6%) 354 (98.9%)
birth Africa 269 (52.3%) 3(0.8%)
Other countries 16 (3.1%) 1(0.3%)
Genotype SS 514 394 (76.7%) 281 (77.0%)
SC 88 (17.1%) 60 (16.4%)
SB° 12 (2.3%) 10 (2.7%)
Sp+ 15 (2.9%) 10 (2.7%)
MCV 506 90.62 16.70 53 141 90.83 16.22 57 133
Categories MCV < 80fl 143 (27.7%) 97 (26.4%)
MCYV 80f1-95fl 196 (39.9%) 144 (39.2%)
MCV >95f] 178 (34.4%) 126 (34.3%)
HbF 489 10.19 8.65 0.40 34.40 10.19 8.63 0.40 33.70
Categories HbF <10% 282 (54.6%) 203 (55.3%)
HDbF 10%-20% 127 (24.6%) 90 (24.5%)
HbF>20% 108 (20.9%) 74 (20.2%)
HU HU prescribed® 517 259 (50.1%) 231 (62.9%)
Dosage (g) 238 1021 367 250 3000 1032 367 250 3000
Duration of 243 6.92 4.67 0 31 6.82 4.65 0 31
prescription
(years)

Abbreviations: %, percentage; Bac, ‘Baccalauréat’ (French high school terminal diploma equivalent to 12years of schooling); BEPC/Brevet/CAP, French types of
diplomas obtain at the end of secondary school; HbF, foetal haemoglobin level; HU, hydroxyurea; M, mean; MCV, mean corpuscular volume; Min/Max, minimum and

maximum values; n, number of individuals in a specific condition; N,

Number of respondents for the specific variable; SD, standard deviation.

aA greater proportion (y%(3)=13.4, p=0.004) of adults who were included in the network analysis (n =367, 71%) reported a level of education that exceeded the

Baccalauréat than those who were not included in the analysis (n =150, 29%).

bAdults who were included in the network analysis reported a higher frequency of taking HU (i.e., having a prescription) in comparison with those who were not

included (¥*(1)=83.5, p<0.001, RR=2.19).

ensured the accuracy and reliability of the NA results. As there
was no existing minimum sample size recommendation for the
application of NA in the domain of psychology, we adopted the
approach proposed by Epskamp, Borsboom, et al. (2018). This
entailed the assessment of both network parameters and mea-
sures accuracy using the parametric bootstrap method, which
was implemented in the Bootnet package (refer to the third step
in the NA section above).

3 | Results
3.1 | Participants’ Characteristics

Table 1 summarises the sociodemographic and medical charac-
teristics of our population, whereas Table 2 groups data of their
pain experience, pain-related covariates and emotions associ-
ated with pain.
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TABLE 2 | Summary of the pain experience, pain-related covariates (cognition, emotion and behaviour) and emotional covariates of pain of the
total sample (n=517) and network analysis subsample (n=367) French adults with sickle cell disease.

Total sample

Sample included in NA (n=367)

Variables Subcategories Niotal M/n (%) SD Min Max M/n (%) SD Min Max
Pain experience (BPI)
Intensity Pain severity 416 3.51 1.99 0 9.50 3.45 1.96 0 9.50
Worst pain 415 5.24 3.47 0 10 5.18 3.47 0 10
Least pain?® 414 2.07 1.86 0 9 1.95 1.79 0 9
Pain in general 412 4.71 2.79 0 10 4.71 2.75 0 10
Pain now 412 2.00 2.28 0 10 1.98 2.26 0 10
Presence of 191 (45.9%) 164 (44.7%)
pain (M >4)
No pain (M < 1) 52 (12.5%) 25 (6.8%)
Interferences Pain interference 413 3.11 2.59 0 10 3.06 2.60 0 10
General activities 411 3.31 3.03 0 10 3.26 3.00 0 10
Walking 410 3.17 3.09 0 10 3.13 2.89 0 10
Working 407 3.58 3.20 0 10 3.08 3.04 0 10
Mood 400 3.15 291 0 10 3.55 3.21 0 10
Relationship 411 2.63 2.82 0 10 2.58 2.80 0 10
with others
Sleep 413 3.47 3.15 0 10 3.37 3.17 0 10
Enjoyment of life 386 2.46 2.97 0 10 2.44 2.95 0 10
No interference 120 (29.1%) 116 (31.6%)
M<1)
Pain-related Mystery 517 -2.92 4.26 -10 10 -3.13 4.70 -10 10
beliefs (PBP) Time: persistence 517 -0.33 287 -6 6 ~0.35 324 —6 6
Time: constant 517 —2.28 3.80 -8 8 —2.43 4.17 -8 8
Self-blame 517 -3.56 2.20 -6 6 —-3.55 2.42 -6 6
Catastrophising Total score 405 24.60 12.88 0 52 24.45 12.80 0 52
(PCS) (over the 405 249 (61.5%) 225 (61.3%)
threshold: > 22)
Helplessness 408 9.95 6.26 0 24 9.86 6.23 0 24
(over the 408 131 (32.1%) 114 (31.1%)
threshold: > 13)
Magnification 408 5.42 3.51 0 12 5.43 3.51 0 12
(over the 408 231(56.6%) 210 (57.2%)
threshold: > 5)
Rumination 409 9.15 4.59 0 16 9.16 4.51 0 16
(over the 409 182 (44.5%) 161 (43.9%)
threshold: >11)
(Continues)
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TABLE2 | (Continued)
Total sample Sample included in NA (n=367)
Variables Subcategories Niotar M/n (%) SD Min Max M/n (%) SD Min Max
Sensitivity Total score 407 23.74 10.68 0 48 23.7 10.6 0 48
:?az?;r;tisation Low sensitivity 78 (27.1%) 70 (27.1%)
M<13.06 [M—1SD
(SPTS-12) ( [ D
High sensitivity 65 (22.6%) 56 (21.7%)
(M>34.42 [M+1SD])
Anxiety Total score 502 8.18 3.87 0 18 8.05 3.90 0 18
(HADS) (over the 137 (27.3%) 95 (25.9%)
threshold: > 11)
Depression Total score 497 5.61 3.63 0 25 5.55 3.73 0 25
(HADS) (over the 49 (9.9%) 38 (10.4%)
threshold: >11)
Alexithymia Total score 386 52.34 11.40 24 80 51.18 11.53 24 80
(TAS-20) (over the 386 104 (26.9%) 160 (43.6%)
threshold: > 61)
DIF 388 18.21 5.84 7 33 18.14 5.89 7 33
DDF 392 14.39 4.17 5 25 14.37 4.23 5 25
EOTP 388 19.82 4.21 8 30 19.66 4.12 8 29.3
Cognitive- Total score 394 3.52 1.72 0 9 3.52 1.73 0 9
emotional Low (M < 1.80 60 (21.1%) 57 (21.4%)
processing [M-1SD])
(EPS-25)
High (M > 5.24 67 (23.6%) 64 (24.1%)
[M+1SD])
Suppression 394 3.95 2.34 0 9 3.98 2.35 0 9
Unprocessed 393 4.10 2.26 0 9 4.13 2.29 0 9
emotions
Unregulated 394 2.64 1.93 0 9 2.63 1.93 0 9
emotions
Avoidance 395 4.02 1.78 0 9 4 1.78 0 9
Impoverished 393 2.87 1.85 0 9 2.86 1.83 0 9

emotional experience

Abbreviations: %, percentage; BPI, Brief Pain Inventory; DDF, difficulties in describing feelings; DIF, difficulties in identifying feelings; EOT, Externally oriented
thoughts; EPS-25, Emotional Processing Scale; HADS, Hospital Anxiety and Depression Scale; M, mean; Min/Max, minimum and maximum values; n, number of
individuals in a specific condition; N, ,, number of respondents for the specific variable; PBPI, Pain Beliefs and Perception Inventory; PCS, Pain Catastrophizing
Scale; SD, standard deviation; SPTS-12, Sensitivity to Pain Traumatisation Scale; TAS-20, Toronto Alexithymia Scale.

2Adults who were included in the network analysis reported a lower ‘least pain’ during the past 7days in comparison with those who were not included (Welch's

£(56.3)=3.24, p=0.002).

bAdults who were included in the network analysis reported a lower level of externally oriented thoughts in comparison with those who were not included (Welch's

£(24.1)=3.88, p<0.001).

3.1.1 | Sociodemographic and Medical Characteristics

The study population consisted of 517 adults with SCD, primar-
ily female (61.94%), with a mean age of approximately 40years
(median 38years). The participants were born in Africa and
France in almost equal numbers. Most participants had attained
a higher level of education than the French high school termi-
nal diploma ‘Baccalauréat’ (equivalent to 12years of school-
ing). Notably, individuals born in Africa were more likely to
have a lower educational level (‘Baccalauréat’ or less), whereas

those born in France tended to have a higher educational level
(‘Licence’ [university undergraduate level corresponding to
3years of studies] or more; x*(9) =28.10, p<0.001).

Two thirds of the sample were homozygous SS, whereas the re-
maining third were composite heterozygotes, including 17.1%
SC and 5.3% with combined S-B-thalassaemia. Consequently,
over two thirds of the participants had a severe form of SCD (SS
or SP0). No difference appeared in the genotype distribution ac-
cording to the place of birth. Half of our population were under
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HU, with a mean reported dose of 1021 mg. Respondents de-
clared being under HU for almost 7years. The data on MCV and
HbF were provided as supplementary information (see Table 1)
for clinicians, offering additional insights into the medical char-
acteristics of our study population. These medical data were not
incorporated into the NA.

3.1.2 | Pain Experience and Pain-Related Covariates

3.1.2.1 | Pain Severity (BPI). Data revealed a low average
pain intensity across the past week, with 29 (7%) respondents
reporting no pain. However, this seemingly mild average belies
a more nuanced picture. Ninety-three per cent of participants
(n=387) reported experiencing pain with an intensity exceeding
zero. Nearly half (45.9%, n=191) required medication to man-
age their pain, exceeding the threshold of M >4 as defined by
the Haute Autorité de Santé (HAS; French National Authority
for Health) (2020). Notably, 12.0% (n=50) reported severe to
unbearable pain (M > 6).

A significant proportion (65.5%, n=270) of patients indicated
their pain ‘in general’ (BPL, item 3) required medication during
the past week (M > 4). This finding aligns with potential chronic
pain presentations. Additionally, a substantial majority (73.6%)
reported an average increase of 2.7 points in pain intensity
between ‘in general’ and ‘now’ (BPI, item 4). This suggests a
potential cognitive reappraisal of pain perception during the as-
sessment itself.

Importantly, neither pain intensity nor its categorical distribu-
tion, as defined by the HAS recommendations in 2020 (2020),
demonstrated statistically significant differences based on
patient genotypes (F(1, 412)=0.14, p=0.710; x*(16)=22.97,
p=0.115). However, respondents born in Africa reported a
higher severity of pain than those born in France (ANOVA—
post hoc comparisons with Bonferroni correction: #(412) = —3.35,
p=0.003).

3.1.2.2 | Pain Interference (BPI). Pain interference with
daily activities was minimal, aligning with the reported low
average pain intensity (see supra). A strong dependency was
observed between the HAS-defined categories (2020) of pain
intensity and interference (x*(16)=198, p<0.001). This asso-
ciation is further corroborated by the significant positive cor-
relation between pain intensity and interference with daily life
(r=0.64, p<0.001).

Neither genotypes nor the severity of SCD significantly im-
pacted overall interference or its seven constituent dimensions.
However, female and older patients experienced significantly
higher levels of interference (respectively, Mann-Whitney
U=16,592, p=0.004; r=0.138, p=0.005). Additionally, women
exhibited higher levels of interference across all seven assessed
dimensions of pain interference (Mann-Whitney U, p <0.05).
African respondents reported a higher level of interference
than French respondents (ANOVA—post hoc comparisons with
Bonferroni correction: #(409) =-3.15, p=0.005).

3.1.2.3 | Pain-Related Beliefs (PBPI). Approximately
90% of patients reported understanding the nature and origin

of their pain (dimension: mystery). Regarding pain temporal-
ity, nearly 90% perceived their pain as intermittent rather than
constant (dimension: constancy), and approximately two thirds
viewed their pain as acute rather than chronic (dimension: per-
manence). Notably, nearly one third of patients expressed feel-
ings of responsibility for the onset and persistence of their pain
(dimension: self-blame), with almost 35% attributing blame to
themselves during a pain crisis.

Regarding the constancy dimension, patients with a more severe
genotype (SS or SB0) perceived their pain experience as more
intermittent than those with a less severe genotype (Mann-
Whitney U=18,380, p=0.026).

3.1.2.4 | Pain-Related Cognitive Mechanisms of Coping
(PCS). Over 60% of our study population exceeded the clin-
ical threshold for catastrophising (> 22), indicating a tendency
to respond to painful stimuli with negative cognitive patterns
that occur before, during or after pain episodes. These cognitive
distortions are primarily characterised by:

» Magnification: Nearly 60% of participants had a score above
the clinical threshold of 5, thus exhibiting a heightened
perception of the threat posed by painful stimuli. This am-
plification correlated positively with unprocessed emotions
(EPS-25; r=0.38, p<0.001) and anxiety (HADS; r=0.49,
p<0.001).

« Rumination: Almost 45% of participants reported ruminat-
ing on past painful experiences. This repetitive negative
thinking tendency was linked to anxiety levels (HADS;
r=0.47, p<0.001) and unprocessed emotions (EPS-25;
r=0.36, p<0.001).

« Helplessness: Nearly a third of respondents expressed
feelings of helplessness in the face of pain. These feelings
correlated positively with unprocessed emotions (EPS-25;
r=0.36, p<0.001) and anxiety (HADS; r=0.50, p <0.001).

The severity of catastrophising increased with escalating pain
intensity categories, as defined by the French National Authority
for Health (F(4, 398)=12.06, p<0.001). A pain intensity thresh-
old of four, indicating the need for treatment (Haute Autorité
de Santé 2020), differentiated two groups: as pain intensity
increased, participants were more likely to exceed the clinical
threshold for catastrophising and its component dimensions (re-
spectively, y*(4) =24.55, 23.65, 37.16, 34.09; all p values <0.001).

3.1.2.5 | Pain as Trigger of Traumatism Mechanisms
(SPTS-12). Over half of our study population exhibited
above-average scores, suggesting a predisposition to developing
a pain response akin to post-traumatic stress disorder (PTSD).
Notably, nearly a quarter reported exceptionally high sensitivity
to trauma (a standard and a half deviation above mean).

Strong positive correlations were observed between trauma
sensitivity and rumination (PCS; r=0.75, p<0.001), magnifica-
tion (PCS; r=0.69, p<0.001) and feelings of helplessness (PCS;
r=0.67, p<0.001). Additionally, moderate positive correlations
were found between trauma sensitivity and unprocessed emo-
tions (EPS-25; r=0.40, p<0.001) and anxiety levels (HADS;
r=0.47, p<0.001).
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Our analysis revealed a significant difference in trauma sensitiv-
ity based on pain intensity thresholds, as defined by the French
National Authority for Health (HAS) (2020). Participants report-
ing no pain or low pain intensity (<4) exhibited lower levels of
trauma sensitivity compared to those with moderate to unbear-
able pain intensity (> 4; Student's £(403)=—6.17, p <0.001).

3.1.3 | Emotional Covariates of the Pain Experience

3.1.3.1 | Anxiety and Depression (HADS). The experi-
ence of SCD in France is characterised by elevated levels of anx-
iety. Over 27% of our study population exceeded the clinical
threshold for anxiety, significantly surpassing the prevalence
observed in other SCD studies (Franco et al. 2022; Jonassaint
et al. 2024; Levenson et al. 2008), which typically report a prev-
alence of less than 10%.

Approximately 10% of our population met the pathological
threshold for depression. This finding is lower than the prev-
alence reported in other countries for SCD. Literature reviews
suggest that between 29% and 36% of adult SCD patients experi-
ence depression (Oudin Doglioni et al. 2021).

In our sample, individuals of African origin were more likely
to exhibit both anxiety and depression compared to adults born
in France (ANOVA, p<0.05). Although gender did not influ-
ence depression levels, women tended to experience a higher
level of anxiety compared to men (Mann-Whitney U=26,839,
p=0.027).

3.1.3.2 | Alexithymia (TAS-20). Approximately 27%
of our study population met the clinical threshold for alexithy-
mia (>61), indicating difficulties in identifying and expressing
self-feelings and engaging in externalised thinking.

Alexithymia scores were not significantly influenced by socio-
demographic factors, except for the educational level. As educa-
tional attainment increased, total alexithymia scores decreased
(F(3, 376)=4.36, p=0.005). This reduction was primarily driven
by improvements in emotion identification (F(3, 377)=3.14,
p=0.025) and decreased external-oriented thinking (F(3,
378)=8.17, p<0.001).

3.1.3.3 | Cognitive-Emotional Processing (EPS-25). Our
study population exhibited high scores across all dimensions
and the total score of the scale. Patients who met the clinical
threshold for alexithymia (> 61) reported higher levels of dysfunc-
tional emotional processing across all dimensions and the total
score compared to those below the threshold (Student's t-test, all p
values < 0.001). Additionally, women exhibited higher levels of dys-
functional processing than men (Student's £392)=1.79, p=0.037),
characterised by increased unprocessed or unregulated emotions,
avoidance behaviours and impoverished emotional experiences.

3.2 | Network Analysis (NA) of Pain Experience,
Pain-Related Covariates and Emotional Covariates
Associated With Pain Experience

Pearson's correlation matrix is available as Table S1.

3.2.1 | Estimation of the ‘Pain in SCD’ Network Model
and Centrality Indices

The network derived from the analysis is depicted in Figure 1A.
The edges represent unregularised (undirected) partial correla-
tions between nodes. Blue edges signify positive associations,
whereas red edges indicate negative associations. The thicker
and darker edges indicate stronger partial correlations between
nodes. The visual representation of the network (based on the
Fruchterman-Reingold algorithm representation) emphasises
the clustering of nodes with strong connections and the separa-
tion of nodes with weak connections.

Table S2 summarises the strength of associations between pairs
of nodes in the network. The strongest associations were be-
tween pain severity and interference (BPI; y=0.414), the SPTS
total score and the catastrophising subdimension rumination
(SPTS—PCS-Rumination; y=0.400), the catastrophising sub-
dimensions magnification and helplessness (PCS; y=0.370),
the emotional processing scale total score and the alexithymia
total score (EPS-25—TAS-20; y=0.309), and the alexithymia
total score and the pain belief subdimension mystery (TAS-20—
PBPI-Mystery; y =0.255).

Centrality indices (Figure 1B and Table S3), which measure the
influence of each node in the network, revealed that the cata-
strophising subdimension helplessness (PCS; s=1.130), the
sensitivity to pain traumatisation (SPTS-12; s=1.049) and the
catastrophising subdimension magnification (PCS; s=1.025)
were the most influential nodes in the network. Conversely, the
perception of pain as permanent (PBPI, s =0.395), the self-blame
associated with pain experience (PBPI, s=0.450) and the per-
ception of pain experience as a mystery (PBPI, s=0.719) were
the less influential nodes.

3.2.2 | ‘Painin SCD’ Network Community Analysis

Community analysis was conducted to examine the network
structure, specifically whether nodes function as a unified
network or form distinct communities of covering nodes. The
analysis revealed the presence of three primary communities
(visualised by coloured nodes in Figure 1A). The first commu-
nity comprised cognitive-evaluative processes associated with
pain experience (coloured in green; SPTS-12 and all PCS sub-
dimensions: Rumination, Helplessness, Magnification). The
second community focused on motivational-affective input trig-
gered by pain (coloured in blue; PBPI subdimensions Self-blame
and Mystery, TAS-20, EPS-25 and HADS-Anxiety). The third
community characterised the pain experience of French adults
with SCD (Sensory-discriminative; coloured in yellow; PBPI
subdimensions Permanent and Constancy, BPI subdimensions
Pain Severity and Pain Interference, and HADS-Depression).

A bridge strength analysis (Figure S2) identified the most influ-
ential nodes connecting different communities. The nodes with
the highest influence were, in descending order: Anxiety (com-
munity 2: motivational-affective input, s=0.69), Depression
(community 3: sensory-discriminative input, s=0.43) and
Helplessness (community 1: Cognitive-evaluative input,
$=0.41).
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FIGURE1 | (A) Undirected network (with three communities) of the pain experience, pain-related cognition and emotion in 347 French adults
with sickle cell disease. (B) Undirected network three indices of centrality ordered by strength (closeness and betweenness were not considered
in this study due to conceptual concerns regarding their applicability to psychological networks (Bringmann et al. 2019). Communities. Green

(cognitive-evaluative input): Cognitive processes associated with the pain experience (SPTS [Sensitivity to Pain Traumatisation Scale; SPTS-12]—

PCS [Pain Catastrophising Scale] Rumination—PCS-Magnification—PCS-Helplessness). Blue (motivational-affective input): Emotional processes

triggered by the pain experience (PBPI [Pain Beliefs and Perceptions Inventory] Self-blame—PBPI-Mystery—TAS [Toronto Alexithymia Scale; TAS-

20]—EPS [Emotional Processing Scale; EPS-25]—HADS [Hospital Anxiety and Depression Scale| Anxiety). Orange (sensory-discriminative input):

Characterisation of the pain experience (PBPI-Permanent—PBPI-Constancy—BPI [Brief Pain Inventory] Pain severity—BPI-Pain interference—

HADS-Depression). Note. Centrality indices values are reported in Table S3.

3.2.3 | Painin SCD Network Accuracy

The case-dropping bootstrap helps identify the robustness of
the centrality indices used when estimating the model (here,
node strength). When performing the analysis, it appeared that
the average correlation for strength (CSC=0.67) was above the
0.25 threshold. The strength indicator can therefore be consid-
ered valid.

3.3 | Directed Acyclic Graph of the Pain
Experience in SCD

Directed acyclic graphs were employed to represent the Bayesian
networks, visualising the directed associations between the in-
cluded nodes, thus potential psychological processes. A boot-
strap procedure was implemented to identify the arrows that
consistently appeared across iterations (>50%), as depicted in
Figure 2.

The proposed network demonstrated a lack of substantial in-
terconnections between the three identified communities.
Specifically, there was an absence of a direct link between the
first community (cognitive-evaluative input) and the third com-
munity (sensory-discriminative input), and only one indirectlink
was identified (Helplessness-Mystery-Constancy). Conversely,

the nodes within the three communities exhibited robust inter-
connectedness. The second community (motivational-affective
input) received the most links from the other communities
(three from each of the other two communities), while it sent
only one link to the third community.

4 | Discussion

The present study's findings align with previous research
(Ballas and Darbari 2020; Ballas et al. 2012; Taylor et al. 2010),
demonstrating pain as a central feature of SCD. Our results
further elucidate that higher pain intensity (BPI >4) distin-
guishes a subgroup at an elevated risk of dysfunctional pain
cognitions and negative pain-related emotions. NA revealed
intricate interconnections between pain experience, cog-
nitions and emotions, forming three distinct communities.
This structure mirrors the explanatory model of Kenney
and Smith (2022) grounded in the Neuromatrix framework
(Melzack 2001). The DAG provides valuable insights into po-
tential psychological processes between these three commu-
nities and their constituent variables, which still need to be
demonstrated.

The first community (cognitive-evaluative input) exhibited
a high degree of interconnectedness. Notably, the nodes of
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FIGURE 2 | Directed acyclic graph (DAG) of the pain experience in 347 French adults with sickle cell disease. Communities. Green (cognitive-

evaluative input): Cognitive processes associated with the pain experience (SPTS [Sensitivity to Pain Traumatisation Scale; SPTS-12]—PCS [Pain

Catastrophising Scale] Rumination—PCS-Magnification—PCS-Helplessness). Blue (motivational-affective input): Emotional processes trig-

gered by the pain experience (PBPI [Pain Beliefs and Perceptions Inventory] Self-blame—PBPI-Mystery—TAS [Toronto Alexithymia Scale; TAS-

20]—EPS [Emotional Processing Scale; EPS-25]—HADS [Hospital Anxiety and Depression Scale] Anxiety). Orange (sensory-discriminative

input): Characterisation of the pain experience (PBPI-Permanent—PBPI-Constancy—BPI [Brief Pain Inventory| Pain severity—BPI-Pain

interference—HADS-Depression).

Helplessness, SPTS and Magnification emerged as particularly
influential within the overall network, demonstrating distinct
connectivity patterns. These patterns suggest a potential cumu-
lative mechanism in the development of negative pain-related
cognitions. This process may initiate repetitive negative think-
ing about the pain experience (rumination), which could sub-
sequently progress to an exaggeration of perceived pain stimuli
(magnification). This might trigger cognitive, affective and be-
havioural responses to pain that resemble a traumatic stress
reaction (SPTS). Ultimately, a negative appraisal of one's abil-
ity to cope with pain (helplessness) may develop. This process
could inform the development of targeted interventions aimed
at disrupting this cognitive cycle and alleviating the burden of
chronic pain in adults with SCD.

This hypothesised negative pain-related cognitive process
aligned with the Mutual Maintenance Model of chronic pain
and PTSD (Sharp and Harvey 2001), which identifies seven fac-
tors contributing to the mutual maintenance of chronic pain and
PTSD. It includes (i) attentional biases towards painful stimuli

(i.e., rumination); (ii) fear of arousal-related sensations (i.e.,
magnification); (iii) pain as a reminder of trauma, triggering
arousal responses to avoid pain and trauma-related memories
(i.e., SPTS); (iv) avoidance behaviours to minimise pain and
associated thoughts (i.e., SPTS); (v) fatigue and lethargy associ-
ated with depression; (vi) general anxiety; and (vii) cognitive de-
mands related to pain and PTSD, which can limit coping skills
(i.e., helplessness).

Helplessness emerged as the strongest bridge between commu-
nities, directed exclusively to the second community (Mystery
and Anxiety): emotions triggered by pain (motivational-affective
input). The direction of the connections indicated that emotions
might have no direct impact on cognitive processes. Notably,
the characterisation of the pain experience (third community:
sensory-discriminative input) had no direct or indirect relation-
ship with cognitive processes. This suggests it was not the lived
experience of pain itself that matters, but rather its perception
and associated memories. This finding was particularly relevant
in the context of SCD, where patients frequently experience both
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acute and chronic pain (Ballas and Darbari 2020) and may re-
quire intensive care unit admission for severe acute VOC (Ballas
and Darbari 2020). As suggested by the Triple Vulnerability
Model of Pain (Otis et al. 2006), the development of a sense of
unpredictability and uncontrollability of pain (helplessness)
may precede the development of anxiety-related emotions and
chronic pain. This finding underscored the importance of early
interventions to manage pain and its psychological conse-
quences following VOC and hospitalisation, especially in cases
of intensive care unit admission.

Within the second community (motivational-affective input),
encompassing emotions triggered by pain, connectivity pat-
terns were more linear compared to the first community, with
anxiety and mystery forming the endpoints of both pathways
(PBPI-Self-blame - TAS-20 - EPS-25- HADS-Anxiety; PBPI-
Self-blame - TAS-20-PBPI-Mystery). Self-blame emerged as the
starting point of both pathways with a low strength of associ-
ation (r=0.32; s=0.14) with alexithymia (TAS-20 total score).
While self-blame appeared relatively peripheral, alexithymia
played a pivotal role. Alexithymia, consistently associated with
pain experiences in various chronic pain conditions (Di Tella
and Castelli 2016), may hinder individuals' ability to adequately
regulate and process their emotions (Preece et al. 2023). This
can lead to misinterpretation of emotional arousal as physical
symptoms, potentially resulting in unnecessary medical at-
tention (Lumley et al. 1996). Consequently, alexithymia was
directly linked to difficulties in emotion processing (EPS-25),
aligning with established theories (Rachman 2001). Notably, the
EPS total score was directly connected to sensitivity to pain trau-
matisation (SPTS-12), consistent with the Shared Vulnerability
Model. This model posits that sensitivity to pain traumatisation,
combined with difficulties in processing emotions, predisposes
individuals to chronic pain, anxiety and PTSD (Asmundson
et al. 2002).

The proposed psychological processes (DAG) highlight anx-
iety, a major bridge between communities, as the endpoint of
emotional dysregulation, difficulty in emotion processing and
cognitive processes characterised by traumatisation and help-
lessness. This finding aligned with the literature (Asmundson
and Katz 2009; Katz et al. 2014), particularly the Fear-Avoidance
Model, which links misinterpretation of physical sensations,
often due to alexithymia or dysfunctional emotion processing,
with pain-related cognitive biases like catastrophising and
avoidance behaviours (Crombez et al. 2012; Vlaeyen et al. 2016).
In the context of SCD, these findings were particularly relevant
and might explain the high rate of anxiety (27%) found. The
evaluation of anxiety could guide the identification of patients at
higher risk of developing more complex or chronic psychological
distress.

The third community (sensory-discriminative input), charac-
terising pain experience, exhibited limited connectivity with
the other two communities. As anticipated, in the proposed
psychological processes, pain severity directly influenced pain
interference, aligning with previous research (Cleeland and
Ryan 1994). Furthermore, temporal perceptions of pain were di-
rectly linked, with the perception of pain as potentially chronic
(PBPI-Permanent) influencing the perceived cyclicality of pain

(constant versus intermittent). Constance emerged as a pivotal
node within this community. In a condition where pain is a de-
fining characteristic, understanding its temporal aspects is cru-
cial for effective coping strategies.

Although depression is considered an affective variable, its
association with sensory-discriminative input highlights the
intricate interplay between the physiopathology of pain and psy-
chopathology (Haapakoski et al. 2015). Estimates of depression
prevalence among patients seeking pain treatment range widely,
from 1.5% to 100% (Bair et al. 2003), with estimates for SCD pa-
tients typically falling between 30% and 50% (Oudin Doglioni
et al. 2021). In our NA, depression emerged as a strong bridge
between communities, directly and indirectly influencing anx-
iety through alexithymia, likely through the emotional blunt-
ing inherent to depression (Beck and Bredemeier 2016). In line
with the recommendations of Oudin Doglioni et al. (2021), we
advocate for a more systematic evaluation, during medical con-
sultations, of depression, using the HADS, to prevent the devel-
opment of more complex psychological distress through an early
targeted non-pharmacological intervention.

This work presents novel strategic opportunities for pain man-
agement in both acute and chronic situations. Patients who
repeatedly experience refractory VOC may develop a detach-
ment from their bodily sensations, leading to a diminished
sense of bodily awareness. Alexithymia, a temporary defence
mechanism, can become a significant and debilitating trait if
left operational. The maladaptive coping strategies employed
in SCD often involve a focus on external environments and
avoidance of bodily sensations, which may be perceived as po-
tential trauma triggers. Mind-body approaches, such as mind-
fulness and yoga, have demonstrated efficacy in treating both
alexithymia and PTSD. Some studies propose integrated pro-
grammes combining various approaches with psychoeducation
and psycho-corporeal practices (Cooper et al. 2018; Edwards
et al. 2018).

The present study employed a NA approach to investigate the
interrelationships between pain, cognitions and emotions in a
sample of adult SCD patients. Although this methodology offers
a novel perspective on the complexity of pain experiences, we
must acknowledge certain limitations. The relatively modest
sample size, although comparable to other studies in SCD, may
limit the generalisability of our findings. Additionally, while we
conducted an extensive evaluation of pain, associated cognitions
and emotions, it is possible that other relevant factors not in-
cluded may influence these relationships, for example, perceived
discrimination in healthcare impacting the burden of pain
(Haywood et al. 2014), or experience of sexual violence predict-
ing chronic pain (Chopra et al. 2022). Noteworthy, NA is an ex-
ploratory method: the identified psychological processes should
be interpreted as hypothetical. Further research is needed to
validate these findings and to investigate the underlying causal
mechanisms. Longitudinal studies or ecological momentary as-
sessment (Shiffman et al. 2008) could provide valuable insights
into the temporal dynamics of these relationships and the poten-
tial impact of interventions on network structure. Despite these
limitations, our model mirrors other findings, especially the ex-
planatory model of Kenney and Smith (2022).
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5 | Conclusion

This study aimed to explore the relationship between variables
referring to pain, pain-related emotions and cognitions in adults
with SCD. Our findings demonstrate that a high intensity of
pain might be a risk factor for dysfunctional cognitions and
more negative emotions. NA and DAG suggested possible psy-
chological processes to better understand pain in SCD and could
serve to develop interventions. This study extends previous re-
search by providing a comprehensive NA of pain-related vari-
ables, offering novel insights into the complex interplay between
pain, cognitions and emotions. These findings have clinical im-
plications: targeting dysfunctional pain cognitions and negative
emotions may be beneficial to pain management; thus, quality of
life in SCD. However, these findings are exploratory and need to
be replicated. Overall, our study provides valuable insights into
pain in SCD.
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