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BACKGROUND/OBJECTIVES: Rheumatoid arthritis (RA) is a multisystem autoimmune disorder characterized by articular and extra-
articular manifestations. Neuropathy is a poorly studied manifestation of RA. The aim of this study was to utilize the rapid non-
invasive ophthalmic imaging technique of corneal confocal microscopy to identify whether there is evidence of small nerve fibre
injury and immune cell activation in patients with RA.

SUBJECTS/METHODS: Fifty consecutive patients with RA and 35 healthy control participants were enrolled in this single-centre,
cross-sectional study conducted at a university hospital. Disease activity was assessed with the 28-Joint Disease Activity Score and
erythrocyte sedimentation rate (DAS28-ESR). Central corneal sensitivity was measured with a Cochet-Bonnet contact corneal
esthesiometer. A laser scanning in vivo corneal confocal microscope was used to quantify corneal nerve fibre density (CNFD), nerve
branch density (CNBD), nerve fibre length (CNFL), and Langerhans cell (LC) density.

RESULTS: Corneal sensitivity (P =0.01), CNFD (P = 0.02), CNBD (P < 0.001), and CNFL (P < 0.001) were lower, and mature (P = 0.001)
and immature LC densities (P = 0.011) were higher in patients with RA compared to control subjects. CNFD (P = 0.016) and CNFL
(P =0.028) were significantly lower in patients with moderate to high (DAS28-ESR > 3.2) compared to mild (DAS28-ESR < 3.2)
disease activity. Furthermore, the DAS28-ESR score correlated with CNFD (r= —0.425; P =0.002), CNBD (p = —0.362; P =0.010),

CNFL (r= —0.464; P =0.001), total LC density (0 = 0.362; P=0.010) and immature LC density (o = 0.343; P=0.015).
CONCLUSIONS: This study demonstrates reduced corneal sensitivity, corneal nerve fibre loss and increased LCs which were

associated with the severity of disease activity in patients with RA.

Eye (2023) 37:2950-2955; https://doi.org/10.1038/541433-023-02447-6

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune inflammatory
disease characterized by symmetrical erosive polyarthritis. It is also
associated with multiple extra-articular manifestations involving
the skin, eyes, respiratory, cardiovascular and nervous systems,
which are associated with increased morbidity and mortality [1].
Peripheral nerve involvement may occur in up to 75% of patients
with RA and manifests as a distal symmetric sensory neuropathy,
mononeuritis multiplex, multifocal sensorimotor neuropathy, and
entrapment neuropathy [2-5]. Peripheral neuropathy is mostly
asymptomatic, but may manifest with pain, paraesthesia, numb-
ness and muscle weakness, which may overlap with symptoms of
arthritis, resulting in underdiagnosis of neuropathy. The assess-
ment of neuropathic symptoms and quantitative sensory testing,
psychophysical tests of sensory function included in the German
Research Network on Neuropathic Pain (DFNS) [6] may allow
evaluation of neuropathy; but are subjective and primarily identify
established neuropathy. Abnormal nerve conduction studies have
been found in patients with RA [4, 5, 7, 8] but they cannot detect

small nerve fibre damage. Indeed, in patients with RA, skin biopsy
studies have shown reduced intraepidermal nerve fibre density
[9, 10] and a sural nerve biopsy study showed loss of myelinated
fibres and necrotizing vasculitis with perivascular lymphomono-
nuclear cell infiltration [4]. Whilst, skin and nerve biopsy are
objective and provide insights into the underlying pathophysiol-
ogy, they are invasive and require expert laboratory assessment.
Impaired sudomotor function has also been reported in RA
indicating autonomic nerve fibre damage [11].

Corneal confocal microscopy (CCM) is an objective, repeatable
and reproducible ophthalmic imaging technique for the quanti-
fication of small nerve fibre degeneration [12-14]. Multiple studies
have demonstrated corneal nerve fibre loss in a range of
peripheral neuropathies including diabetic neuropathy [15-18],
fibromyalgia [19], idiopathic small fibre neuropathy [20], Fabry
disease [21], chemotherapy-induced peripheral neuropathy [22],
and chronic inflammatory demyelinating polyneuropathy (CIDP)
[23]. In addition, CCM has been used to identify increased
Langerhans cells (LCs) in immune mediated and inflammatory
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neuropathies such as multiple sclerosis, CIDP and Behget's disease
[23-25]. We have recently utilized CCM to demonstrate corneal
nerve fibre loss and increased LCs in patients with systemic lupus
erythematosus [26].

We hypothesized that CCM could serve as an objective method
for assessing neurodegeneration and immune cell activation in
relation to disease severity and progression in RA. We have
quantified corneal sensitivity and corneal subepithelial nerve
plexus morphology and LC density in relation to disease activity in
patients with RA.

MATERIALS AND METHODS

This cross-sectional comparative study undertaken at a tertiary referral
university hospital included 50 patients with RA and 35 healthy control
participants. The study design adhered to the tenets of the Declaration of
Helsinki and was approved by the Research Ethics Committee of the
Necmettin Erbakan University. Written informed consent was obtained
from each participant after a detailed explanation of the study protocol.

Patients with RA were consecutively recruited from the Rheumatology
department. The diagnosis was established according to the American
College of Rheumatology/European League Against Rheumatism (ACR/
EULAR) criteria [27]. Patients were excluded if they had diabetes mellitus or
any coexisting systemic disease that might cause neuropathy, secondary
Sjogren’s syndrome, a previous history of ocular surgery or other corneal
pathology. Patients with a non-anesthetized Schirmer's test score of
<5mm in 5min were also excluded. Control participants were recruited
from visitors to the hospital who had no corneal pathology and systemic
inflammatory or neurological disease or history of contact lens use.

The severity of disease activity was determined by an experienced
rheumatology specialist using the 28-Joint Disease Activity Score and
erythrocyte sedimentation rate (DAS28-ESR), which consists of 4 compo-
nents: ESR, tender joint count, swollen joint count, and visual analogue
scale for general health [28]. The scores for DAS28 range from 0 to 9.4 and
disease activity is interpreted as follows: low activity (DAS28 <3.2),
moderate activity (DAS28 > 3.2 and < 5.1), and high activity (DAS28 > 5.1)
[29]. Laboratory data including complete blood count, ESR, C-reactive
protein (CRP), rheumatoid factor (RF), anti-cyclic citrullinated peptide (anti-
CCP), anti-nuclear antibody (ANA) and anti-extractable nuclear antigen
(ENA) panel were recorded.

After a complete ophthalmologic evaluation, a contact corneal esthesi-
ometer (Cochet-Bonnet; Luneau, France) was used to determine the central
corneal sensitivity threshold. A pressure was applied perpendicular to the
central cornea with a 0.12-mm-diameter nylon monofilament extended to
the maximal length of 6.0 cm, corresponding to the lowest possible pressure,
and was gradually reduced in 5-mm steps until the first response was elicited.
The longest filament length (cm) that resulted in a positive response was
verified twice and recorded as the central corneal sensitivity threshold.

All participants underwent laser scanning CCM using the Rostock
Corneal Module of the Heidelberg Retina Tomograph Ill (Heidelberg
Engineering, Germany). The section mode was used to scan the full
thickness of the central cornea, and two-dimensional digital images were
obtained with a lateral digital resolution of 1 pm/pixel, a depth resolution
of 2 um/pixel, and an image size of 400 x 400 um. The total duration of
examination was approximately 2 min/eye. A standardized image selection
protocol was used; three high-quality subepithelial nerve plexus images
from the central cornea of each participant containing the highest,
intermediate, and least number of nerve fibres were selected and the
average of these results was considered [30]. A validated, purpose-
designed manual image segmentation algorithm (CCMetrics, University of
Manchester, Manchester, UK) was used to analyze the CCM images. Three
corneal nerve plexus parameters were quantified: corneal nerve fibre
density (CNFD) (no./mm?); corneal nerve branch density (CNBD) (no./mm3);
and corneal nerve fibre length (CNFL) (mm/mm?) [31]. The total number of
hyper-reflective cells was quantified in the same image frames used to
assess the nerve plexus, and LC density (no./mm?) was established. As per
previously described criteria, large cells with dendriform structures were
considered as mature LCs and smaller cells without clearly visible dendritic
structures were considered as immature LCs [32]. An experienced observer
(GB) quantified nerve parameters and LC densities and was unmasked as
to whether the images belonged to a patient with RA or a control subject
but was masked in relation to disease severity. To evaluate the intra- and
inter-observer agreements of LC quantification, a randomly selected subset
of 50 CCM images were re-analyzed by the same clinician (GB) and by an
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independent masked clinician (MCE). For all subjects, only the data
obtained from the right eye were included in the analyses.

Statistical analysis was performed using IBM SPSS Statistics v21.0 software.
Basic descriptive statistics were calculated and reported as the mean + SD or
median (interquartile range [IQR]), as appropriate. A pre-study sample size
calculation was not performed, however a sample size similar to that of prior
CCM studies on RA patients [33, 34] was obtained. A post-hoc power analysis
based on CNFL revealed a power of 99.7%. All categorical variables were
compared using the Pearson x*-test. Normal distribution of continuous
variables was confirmed with the Shapiro-Wilk test. Independent samples
t-test for normally distributed data and Mann-Whitney U-test for non-
normally distributed data were used to compare the parameters between
patients with RA and healthy control participants. The associations among
variables were analyzed using the Pearson correlation coefficient for
normally distributed data and the Spearman correlation coefficient for
non-normally distributed data. Intra- and inter-observer agreements were
calculated using the intraclass correlation coefficients (ICC) and their 95%
confidence intervals (Cl). Values of ICC were interpreted as poor reliability
(<0.50), moderate reliability (0.50-0.75), good reliability (0.75-0.90), and
excellent reliability (>0.90) [35]. For all evaluations, a two-sided P value of less
than 0.05 was considered statistically significant.

RESULTS

Clinical measures

Table 1 summarizes clinical characteristics of the patients with RA
and control participants. No significant differences were observed
between patients and controls for age (P=0.983) and gender
(P=10.793). The median (IQR) time from the initial diagnosis of RA
was 9.5 (4.0-20.0) years. The mean DAS28-ESR was 3.13 + 1.09, and
25 (50%) patients had DAS28-ESR greater than 3.2, indicating
moderate to high disease activity. Thirty (60%) patients were
receiving low dose corticosteroids, 25 (50%) methotrexate, 20 (40%)

Table 1. Baseline characteristics of the study participants.
Control Patients with
subjects RA (n =50)
(n = 35)
Age (years), mean £ SD 52.0+13.1 52.1+9.7
Gender (F/M), n 25/10 37/13
Duration of disease (years), - 9.5 (4.0-20.0)
median (IQR)
DAS28-ESR, mean + SD - 3.13+1.09
ESR (mm/h), median (IQR) - 25.5 (13.3-43.5)
C-reactive protein (mg/L), - 5.9 (3.3-13.5)
median (IQR)
Rheumatoid factor (IU/mL), - 57.0
median (IQR) (13.7-133.3)
Anti-CCP (IU/mL), - 40.0 (3.5-177.5)
median (IQR)
ANA positivity, n (%) - 17 (34%)
Anti-ENA positivity, n (%) - 0 (0%)
Ongoing therapies
Corticosteroids, n (%) - 30 (60%)
Methotrexate, n (%) - 25 (50%)
Anti-TNF agents, n (%) - 20 (40%)
Hydroxychloroquine, n (%) - 15 (30%)
Leflunomide, n (%) - 14 (28%)
Sulfasalazine, n (%) - 13 (26%)
Tocilizumab, n (%) - 6 (12%)
Baricitinib, n (%) - 1 (2%)

ANA anti-nuclear antibody, Anti-CCP anti-cyclic citrullinated peptide, Anti-
ENA anti-extractable nuclear antigen, DAS28-ESR 28-Joint Disease Activity
Score based on the erythrocyte sedimentation rate.
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Fig. 1

Representative corneal confocal microscopy images. Subepithelial nerve plexus in a control participant (A) and two patients with

rheumatoid arthritis (B and C), showing reduced nerve fibres (arrows) and increased mature (circles) and immature (arrowheads) Langerhans cells.

Table 2.
participants.

Corneal sensitivity thresholds and corneal nerve and LC parameters in patients with rheumatoid arthritis (RA) and healthy control

Control subjects Patients with RA P value

(n=35) (n =50)
Central corneal sensitivity (cm), median (IQR) 6.0 (6.0-6.0) 6.0 (5.5-6.0) 0.010°
CNFD (no./mm?), mean + SD 345+73 30.8+6.7 0.020°
CNBD (no./mm?), median (IQR) 60.4 (52.1-77.1) 45.8 (29.2-58.8) <0.001°
CNFL (mm/mmz), mean + SD 224+35 18.5+4.0 <0.001°
LC density (no./mm?), median (IQR) 14.6 (4.2-31.3) 35.4 (12.0-57.3) 0.003°
Mature LC density (no./mm?), median (IQR) 0 (0-4.2) 5.2 (0-15.3) 0.001°
Immature LC density (no./mm?), median (IQR) 104 (2.1-29.1) 21.9 (7.8-45.8) 0.011°

CNFD corneal nerve fibre density, CNBD corneal nerve branch density, CNFL corneal nerve fibre length, LC Langerhans cell.

Mann-Whitney U-test.
PIndependent samples t-test.

anti-TNF agents, 15 (30%) hydroxychloroquine, 14 (28%) lefluno-
mide, 13 (26%) sulfasalazine, 6 (12%) tocilizumab, and 1 (2%) was
receiving baricitinib as monotherapy or in combination.

Corneal sensitivity and corneal confocal microscopy

Figure 1 demonstrates CCM images of the central corneal
subepithelial nerve plexus in a control participant and two
patients with RA. Central corneal sensitivity (P=0.01), CNFD
(P=0.02), CNBD (P < 0.001), and CNFL (P < 0.001) were lower, and
total (P=0.003), mature (P=0.001) and immature LC densities
(P=0.011) were higher in patients with RA compared to control
subjects (Table 2, and Fig. 2). CNFD (P=0.016) and CNFL
(P=0.028) were lower, with no difference in corneal sensitivity
(P=0.491), CNBD (P=0.103), and total, mature and immature LC
densities (P=0.079, P=0.403, and P=0.069, respectively) in
patients with moderate to high (DAS28-ESR > 3.2, n =25 [50%])
compared to mild (DAS28-ESR <3.2) disease activity (Table 3).
CNBD was lower (P=0.024) and total LC density was higher
(P=0.017) in ANA-positive (34%) compared to ANA-negative
patients with RA (SupplementaryTable S1). The duration of disease
was significantly longer (P =0.01) and CNFD (P = 0.036) was lower
with no difference in disease severity, CNBD, CNFL or LC density
between patients with RA on first- or second-line therapy
(Supplementary Table S2). Intra-observer agreements for total LC
density (ICC=0.986 [95% Cl: 0.975-0.992]), mature LC density
(ICC=0.990 [95% Cl: 0.982-0.994]), and immature LC density
(ICC=0.982 [95% Cl: 0.969-0.990]) were excellent. Inter-observer
agreements were also found to be excellent for total LC density
(ICC=0.902 [95% Cl: 0.833-0.943]), mature LC density (ICC=0.918
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[95% Cl: 0.861-0.953]), and immature LC density (ICC=0.910 [95%
Cl: 0.846-0.948]).

Correlations

The DAS28-ESR score correlated inversely with CNFD (r = —0.425;
P=0.002), CNBD (p=-0362; P=0.010), CNFL (r=—0.464;
P =0.001) and directly with total LC density (o = 0.362; P=0.010)
and immature LC density (o = 0.343; P=0.015). There were
significant correlations between central corneal sensitivity and
CNFD (p = 0.328; P = 0.020), CNBD (o = 0.306; P = 0.030), and CNFL
(0 = 0496; P<0.001). CNBD correlated with total (o =—0.403;
P=0.004), mature (p=-0.421; P=0.002), and immature LC
densities (o = —0.292; P=0.040), and CNFL correlated with total
(0o=—-0.341; P=0.015) and immature LC densities (o =—0.303;
P =0.032). RF levels correlated with CNFD (o = —0.283; P = 0.046),
and CNFL (o= -0.291; P=0.041). There was no correlation
between duration of disease and DAS28-ESR, corneal sensitivity,
or CCM measures.

DISCUSSION

We have shown reduced corneal sensitivity, loss of corneal nerve
fibres and an increase in corneal immune cells associated with
disease activity in patients with RA. The prevalence of neuropathy in
patients with RA ranges from 17% to 75%, depending on the criteria
used to identify nerve damage [2, 5, 7. In a study of 108 patients
with RA, 21% had neuropathic symptoms, but 57% had electro-
physiological abnormalities [4]. The aetiology of peripheral neuro-
pathy in RA is not well-understood and various mechanisms have
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Fig. 2 Corneal nerve fibre parameters and Langerhans cell (LC) density in patients with rheumatoid arthritis (RA) and healthy control
participants, showing significantly lower corneal nerve fibre density (CNFD), corneal nerve branch density (CNBD) and corneal nerve
fibre length (CNFL), and higher LC density in patients with RA. Error bars indicate mean (SD) for CNFD and CNFL, and median (IQR) for CNBD

and LC density.

been proposed, including vasculitis, autoimmunity, drug toxicity,
nerve entrapment and amyloidosis [4, 36, 37]. In a sural nerve
biopsy study of patients with RA and symptomatic peripheral
neuropathy, there was evidence of axonal degeneration and
epineurial and endoneurial arteritis [38]. In another histopatholo-
gical study of 32 RA patients with peripheral neuropathy there was
evidence of necrotizing vasculitis with demyelination and axonal
degeneration [39]. In sural nerve biopsies from 23 patients with RA,
Agarwal et al. [4]. demonstrated a loss of myelinated nerve fibres
and perivascular lymphomononuclear cell infiltration. We now
demonstrate corneal nerve fibre loss and increased LCs using CCM.
This is a rapid non-invasive ophthalmic imaging technique which is
comparable to skin biopsy in relation to demonstrating a loss of
small nerve fibres in diabetic neuropathy, fibromyalgia, and amyloid
neuropathy [19, 40, 41].

Villani et al. [33]. have reported a reduction in corneal nerve
fibres, epithelial cell and stromal keratocyte density in patients
with RA in relation to the severity of dry eye. Corneal nerve fibre
loss and increased dendritic cells have also been demonstrated in
patients with dry eye [42, 43]. Sjogren’s syndrome is associated
with small fibre neuropathy and dry eye as well as corneal nerve
fibre damage [43-45], especially in patients with primary Sjogren’s
syndrome [46], but not in those with secondary Sjogren’s
syndrome [33]. Nevertheless, to avoid the potential confounding
effects of Sjogren’s syndrome and dry eye, we excluded patients
with secondary Sjogren’s syndrome and those with a Schirmer’s
score equal to or less than 5mm. Previously Villani et al. [33].
showed a reduction in corneal nerve fibre number but no relation
to RA disease severity evaluated by the Lansbury index. In the
present study we have shown more extensive alterations in
corneal nerve morphology and increased LCs, which were
associated with the severity of disease activity in RA. Given that
corneal nerve degeneration and inflammation play key roles in the
pathophysiology of dry eye [47], longitudinal analyses are needed
to investigate the causal relation between loss of corneal nerves
and increased LCs, with dry eye in patients with RA.

In relation to underlying mechanisms of nerve damage, we
have shown that an increase in corneal LC density was associated

Eye (2023) 37:2950-2955

with the severity of disease activity in patients with RA. Different
methods have been used to evaluate LC morphology, either using
continuous variables measured by performing cell morphometric
analysis with image analysis software, or categorical variables by
classifying LCs as mature/immature cells or assigning a morphol-
ogy score ranging from 1 to 3, with 1 representing LCs without
dendrites, 2, LCs with small dendritic processes and 3 representing
LCs with long processes [34, 48, 49]. In this study we have
categorized LC morphology according to the cell size and
presence or absence of dendritic structures, according to an
established protocol [32]. Previous studies have demonstrated
increased mature and immature dendritic cells in synovial fluid
and synovial tissue and a reduction of dendritic cells in the
peripheral blood of patients with RA; suggesting that inflamma-
tory cells migrate and accumulate in the synovium [50, 51]. A
similar process may also occur in the cornea. Indeed, Marsovszky
et al. [34]. showed an increase in corneal LC density and mature
LCs in RA patients and Villani et al. [52]. showed that systemic
treatment for RA was associated with a reduction in disease
activity and corneal dendritic cells in patients with RA and
secondary Sjogren’s syndrome. Leppin et al. [53]. showed that
dendritic cells may mediate corneal nerve fibre damage in a murine
model of diabetic neuropathy. Increased corneal dendritic cells and
a change in their morphology has been correlated with a reduction
in corneal nerve fibres in ocular surface diseases [54]. More recently,
in patients with Sjogren’s syndrome and RA, corneal nerve fibre
length correlated negatively with systemic disease activity and
circulating 1L21" CD8" T cells and positively with total memory,
unswitched memory and CD24™ CD27" B cells; indicating that
corneal nerve damage may be associated with circulating
inflammatory cell dynamics [55]. We now demonstrate inverse
correlations between corneal nerve parameters and LC densities,
suggesting an association between corneal immune cells and nerve
fibre degeneration in RA.

Anti-nuclear antibody positivity is associated with an increased
prevalence of extra-articular manifestations in patients with RA
[56, 57]. Indeed, Caspi et al. [57]. reported a higher risk of vasculitis
and more severe pain in ANA-positive RA patients. In the current
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Table 3. Corneal sensitivity thresholds and corneal nerve and LC parameters according to disease activity in patients with rheumatoid arthritis.
DAS28-ESR < 3.2 DAS28-ESR > 3.2 P value
(n = 25) (n = 25)
Central corneal sensitivity (cm), median (IQR) 6.0 (5.5-6.0) 5.5 (5.5-6.0) 0.491°
CNFD (no./mmz), mean = SD 33.1+6.8 28.6+59 0.016°
CNBD (no./mm?), median (IQR) 50.0 (32.3-62.5) 35.4 (25.0-56.3) 0.103°
CNFL (mm/mm?), mean + SD 19.8+3.5 173+£4.2 0.028°
LC density (no./mm?), median (IQR) 229 (4.2-54.2) 47.9 (22.9-79.2) 0.079%
Mature LC density (no./mm?), median (IQR) 4.2 (0-13.5) 8.3 (0-16.7) 0.403°
Immature LC density (no./mm?), median (IQR) 20.8 (4.2-38.5) 35.5 (16.5-65.6) 0.069°

CNFD corneal nerve fibre density, CNBD corneal nerve branch density, CNFL corneal nerve fibre length, LC Langerhans cell.

Mann-Whitney U-test.
PIndependent samples t-test.

study, we show a greater reduction in CNBD and increase in
LC density in ANA-positive patients with RA, but no difference in
disease activity.

Limitations of this study include a relatively small sample size,
the absence of long-term evaluation, and a lack of additional
measures of peripheral neuropathy such as quantitative sensory
testing and intraepidermal nerve fibre density at baseline. Another
limitation of this study is the selection of the CCM images by an
unmasked observer, which may increase the risk of bias. However,
we used a standardized image selection protocol which has
excellent intra- and inter-observer repeatability [30].

In conclusion, we have demonstrated significant corneal nerve
fibre loss and increased LCs which were associated with the
severity of disease activity in patients with RA. Corneal confocal
microscopy is a rapid ophthalmic imaging modality which could
be utilized in ophthalmic or optometry practices to help evaluate
the severity and progression of RA.

SUMMARY

What was known before

® Rheumatoid arthritis (RA) is a chronic autoimmune inflamma-
tory disease associated with multiple extra-articular manifes-
tations.

® Peripheral nervous system involvement is an underdiagnosed
manifestation of RA.

® Corneal confocal microscopy enables rapid, non-invasive and
objective assessment of nerve damage and immune activation.

What this study adds

® Corneal confocal microscopic analysis showed evidence of
subepithelial nerve fibre loss and increased immune cells in
patients with RA.

® Corneal nerve loss and immune cell activation are associated
with disease activity in RA.

DATA AVAILABILITY

All anonymized data that support the findings of this study are available to any
qualified researcher upon reasonable request to the corresponding author (ORCID:
0000-0002-0509-5649).
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