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Several specific groups within the world’s population have shown that they are par-
ticularly vulnerable to quality health care problems, differential experiences in the health
system or increased burden of ill health. Among others, these groups include the poor, the
elderly, women, children, those living with mental or physical disabilities, racial and ethnic
minorities, and migrants. The vulnerability that these groups experience can usually be
attributed to one or a combination of the following factors: economic status, geographical
location, health status, or ability to communicate. This Special Issue aimed to collect and
present research on medical diseases occurring in different groups of vulnerable people
to improve clinical decision making and care of medical disorders that affect this target
population. Fourteen papers (nine research papers and five review papers) from various
fields concerning medical diseases, including ocular, oral, otolaryngologic, gastrointestinal
disease, muscular dystrophy, knee laxity, osteoporosis and fibromyalgia, are published in
this Special Issue. In addition, the results of the program to screen vulnerable populations
for general health care status (one original article) or diseases in the head neck district (three
papers) within the PROTECT project (Patologie del distRettO TEsta-Collo nei migranTi.
Dalla formazione degli operatori alla diagnosi precoce e presa in carico del paziente: Net-
work Odontoiatrico e Oftalmologico e Otorinolaringoiatrico ¢ Maxillo-Facciale), funded
by the Asylum, Migration, and Integration Fund (FAMI) 2014-2020 of the Ministry of
the Interior and co-financed by the European Union are are reported in this Special Issue.
Palaia et al. [1] reported that dental pathologies (especially untreated carious lesions or
malocclusions) in migrants are unfortunately widespread and often neglected, highlighting
the importance of prevention and early intervention. Bruscolini et al. [2] reported that
about 50% of migrants carried out their first ophthalmological visit during the screening
PROTECT project and emphasize the crucial role of early diagnosis of preventable visual
impairment disease. Ralli et al. [3] reported that unilateral hearing loss was the most
common otolaryngological condition and that snoring was the most frequent symptom
reported during the PROTECT project, underlining the importance of early care to improve
the quality of life of this disadvantaged population. Armentano et al. [4] conducted an
observational study in patients with neurofibromatosis type 2, emphasizing the role of
ocular manifestations in the early diagnosis of this rare disease. Comberiati et al. [5] de-
scribed the ocular motility alterations in patients with Ehlers-Danlos Syndrome, suggesting
the usefulness of a complete orthoptic evaluation in this rare disease. Gutierrez et al. [6]
explored adherence to physical exercise in patients with fibromyalgia, focusing on the
relationship between perceived and real execution of walking. Pergolini et al. [7] described
oral adverse events in thirteen patients treated with different anti-programmed drugs
(PD-1) and analyzed a possible correlation between the toxic manifestations of mucosal and
dermatological to better manage these innovative anti-tumor therapies. Ahmad et al. [8] de-
veloped an Arabic word-in-noise screening tool and described its ability to early diagnose
hearing deficits, especially in vulnerable populations. Iacoella et al. [9] screened more than
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four hundred individuals in disadvantaged neighbourhoods of Rome and reported the
general low health conditions of this setting, encouraging a more efficient screening strategy.
Dittrich et al. [10] revised and discussed the classification and diagnostic approach of osteo-
porosis in children with chronic diseases to improve the management of this vulnerable
population. Iannucci et al. [11] analyzed the features and the clinical approach to uveitic
glaucoma in childhood and reviewed the treatments available in the pediatric population.
Sforza et al. [12] investigated and summarized the impact of blenderized tube feeding in
comparison with conventional artificial tube feeding on improving gastrointestinal symp-
toms in children and adults and stressed the need of further experimental evidence on
this topic. Cavallina et al. [13] collected and summarized the current knowledge of motor
function in pediatric patients with congenital muscular dystrophies and discussed the tools
used to evaluate it, stressing the need for a more accurate protocol. Moriceau et al. [14]
investigated the role of the hormonal cycle in knee laxity and the risk of anterior cruciate
ligament injury and reported, based on the literature, that there is no correlation between
the menstrual cycle and the risk of ACL injury despite the menstrual cycle, due to hormonal
fluctuation, seems to affect the laxity of the knee.

Although submissions to this Special Issue have been closed, it is essential to continue
to address global challenges, such as promoting levels of well-being, especially in fragile and
vulnerable populations, through accessible screening programmes and tailored protocols.
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Abstract: Neurofibromatosis type 2 (NF2) is a genetically determined tumor-predisposing syn-
drome. Ocular manifestations include cataracts, epiretinal membranes, retinal hamartomas, optic
disk gliomas, and optic nerve sheath meningiomas. Moreover, optic disk edema, optical atrophy,
motility disorders, pupil and lid dysfunction, and neurotrophic keratitis can be observed as indirect
signs. An observational study was conducted with the aim to collect clinical data and describe
the most frequent NF2 ocular manifestations. Fourteen patients affected by NF2, according to the
Manchester criteria, were enrolled. All patients underwent complete ophthalmologic and orthoptic
evaluation and a spectral domain optical coherence tomography. Ocular manifestations were present
in all patients. The slit lamp evaluation of the anterior segment highlighted cataracts in five patients,
keratitis in two patients, corneal leukoma in two patients, and corneal pannus in one patient. Fundus
oculi and OCT evaluation identified epiretinal membranes in four patients, vitreoretinal tufts in
three patients, optic nerve edema in one patient, and retinal hamartoma in one patient. Moreover,
the orthoptic evaluation identified different types of ocular motility disorders in seven patients.
This is a descriptive study of a rare disease with poor previous literature. Clinical data are shown,
emphasizing the role of NF2-specific ophthalmological and orthoptic findings to help establish an
early diagnosis.

Keywords: neurofibromatosis type 2 (NF2); merlin protein; cataract; epiretinal membrane; rare diseases

1. Introduction

In 1882, von Recklinghausen described and classified neurofibromatosis type 1, neu-
rofibromatosis type 2 (NF2), and schwannomatosis, under the common term “Neurofi-
bromatosis” [1]. NF2 was later identified as a separate clinical entity by Gardner [2].
Neurofibromatosis type 2 is a tumor-predisposition syndrome characterized by the devel-
opment of multiple schwannomas and meningiomas. The incidence is about 1 in 25,000
with a penetrance of 95%. The disease prevalence is estimated at 1 in 60.000. Thanks to
earlier diagnoses and treatment developments, the life expectancy of these patients has
improved, and the incidence of complications has decreased [3]. NF2 is caused by the
inactivating mutations of the NF2 gene, located at q12.2 of chromosome 22, that result in a
deficiency of the Merlin protein, a cytoskeletal protein with tumor suppressor properties [4].

NF2 is characterized by the development of bilateral vestibular schwannomas (VS),
which lead to hearing loss, tinnitus, and imbalance. Other typical tumor types are schwan-
nomas involving cranial, spinal, and peripheral nerves, and multiple meningiomas, both
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intracranial and intraspinal. Moreover, low-grade central nervous system (CNS) malignan-
cies, such as ependymomas and gliomas, and skin tumors can occur [5].

The Manchester criteria, introduced in 1992, are the best-known diagnostic criteria for
NEF2 [6]. According to these criteria, a patient with suspicion of NF2 must meet one of the
following clinical features:

1.  Bilateral vestibular schwannomas;

2. First-degree relative with NF2 and unilateral vestibular schwannomas;

3.  First-degree relative with NF2 or unilateral vestibular schwannomas and two among
meningioma, cataract, glioma, neurofibroma, schwannoma, cerebral calcification;

4. Multiple meningiomas and two among unilateral vestibular schwannomas, cataract,
glioma, neurofibroma, schwannoma, and cerebral calcification.

These criteria have been revised many times over the years. Recently, updates have
been made, to distinguish between major and minor criteria and consider genetic anal-
ysis [7]. Specifically, the diagnostic criteria for NF2 have been recently expanded from
the original Manchester criteria to include LZTR1 mutation testing in individuals with
unilateral VS and other schwannomas. Moreover, two further changes were introduced,
including NF2 mutational testing and the insertion of an age limitation of 70 for the devel-
opment of bilateral VS if no other NF2 features are present.

NF2 phenotype severity is difficult to predict, and clinical manifestations appear
variable among patients. Halliday et al. introduced a genetic severity score to predict the
clinical expression of NF2. This score allows the connection of different genetic characteris-
tics to a specific clinical disease presentation. This system consents to the individuation
of tissue mosaicism form, classic and severe disease [8]. Interestingly, the genetic severity
subtype correlated to NF2-related eye disease. Specifically, mutations associated with
severe systemic disease resulted in greater visual morbidity at an earlier age.

To date, ocular pathologic findings of NF2 have been reported in a few retrospective
series. A wide spectrum of ocular manifestations has been recognized to be specifically
linked to NF2. Different clinical manifestations can occur in different age groups. Con-
genital cataracts, optic disc anomalies, and retinal hamartomas are responsible for the
failure of binocular vision development in childhood. In middle-aged patients, a frequent
cause of blindness is optic nerve sheath meningioma. In adulthood, visual functions can be
compromised by ERMs or compression of the optic nerve due to intracranial tumors with
the elevation of intracranial pressure. Visual impairment can also develop due to indirect
NEF2 complications, such as third, fourth, or sixth cranial nerve palsy, optic atrophy, or
neurotrophic keratitis secondary to facial palsy [9,10]. This study aims to offer new insights
into ophthalmological and orthoptic findings in patients with NF2 in the context of the
paucity of available literature. We believe this work will raise awareness of this rare disease
possibly leading to earlier diagnosis and assisting clinicians in patient care.

2. Materials and Methods

This single-center, observational, cross-sectional study was conducted at the University
of Rome ‘Sapienza’, Umberto I Hospital, Italy, from June 2020 to February 2022. The
research followed the Tenets of the Declaration of Helsinki, and written informed consent
was obtained from all subjects and from parents in case of minor age. We included
14 consecutive patients between 16 and 78 years of age (mean age: 52 £ 10.1 years) with
a diagnosis of NF2 based on the Manchester criteria [11,12]. NF2 patients were enrolled
at the Regional Reference Centre for Rare Neurocutaneous Diseases of the Umberto I
Hospital. All patients underwent 3-Tesla magnetic resonance imaging (MRI) of the brain,
orbits, and spinal cord with gadolinium to assess the presence of vestibular schwannomas,
schwannomas, and intracranial or spinal meningiomas.

Each subject underwent a detailed ophthalmological examination, including full med-
ical history, measurement of best corrected visual acuity (BCVA) with Snellen’s optometric
chart at 5 m, biomicroscopic examination of the anterior segment, Goldmann applanation
tonometry, indirect fundus biomicroscopy and spectral domain optical coherence tomogra-
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phy (SD-OCT). SD-OCT scans were obtained with the Spectralis OCT (Spectralis Family
Acquisition Module, V 5.1.6.0; Heidelberg Engineering, Heidelberg, Germany) with the
Heidelberg Eye Explorer (V1.6.2.0), whose axial resolution was 3.5 um and transverse
resolution was approximately 15/20 um, using both the raster scan protocol (20° x 15°,
19 lines of scan) and the radial scan protocol (20°, 6 lines of scan), centered on the fovea. The
orthoptic evaluation included inspection of eyes and head, Irvine test, cover—uncover test
and alternate cover test, evaluation of ocular motility, assessment of objective convergence,
and red filter test for diplopia.

3. Results

Demographic and relevant clinical features are listed in Table 1. In our study, the mean
age was 53.1 years (range, 16 to 78 years) and five patients were males (10 eyes).

Table 1. Demographic characteristics, BCVA, and main ocular findings. RE: right eye; LE: left eye.

Patient Sex Age  Age at Diagnosis VA RE VA LE NF2-Variant Main Ocular Findings
1 F 55 51 1.00 1.00 Gardner variant Lagophthalmos (LE)

2 F 58 37 0.90 0.80 Gardner variant Epiretinal membrane grade 0,

ptosis (LE), and exotropia

3 68 55 1.00 0.90 Gardner variant Ptosis (LE) and exotropia

4 48 46 1.00 1.00 Gardner variant Microstrabismus

5 63 50 1.00 1.00 Gardner variant Lagophthalmos and superficial

punctate keratitis (RE)

6 F 37 30 0.90 0.90 Gardner variant Cataract (RE), paramacular

epiretinal membrane grade 2
and optic nerve edema (RE and
LE), and exotropia

7 62 28 1.00 1.00 Gardner variant -

78 46 0.63 0.32 Gardner variant Cataract (RE and LE) and
retinal hamartoma (LE)

9 M 52 46 No light 0.50 Gardner variant Corneal pannus and esotropia

perception (RE) and corneal leukoma (LE)

10 M 59 59 1.00 1.00 Gardner variant Lagophthalmos and superficial

punctate keratitis (LE)

11 M 30 24 1.00 1.00 Gardner variant Epiretinal membrane grade 1
and pseudophakia (RE), corneal
leukoma and cataract (LE), and

Duane syndrome type 1

12 M 73 71 1.00 0.32 Gardner variant Cataract (LE) and

microstrabismus

13 F 44 44 1.00 1.00 Gardner variant Lagophthalmos (RE) and

pseudophakia (LE)

14 M 16 10 1.00 0.03 Wishart variant Cataract (LE), epiretinal

membrane grade 2 (RE and LE),
and microstrabismus

Ophthalmological manifestations were present in almost all patients and ranged
widely from subtle retinal alterations, identified only by SD-OCT, to severe ocular involve-
ment present at birth. The direct examination of ocular adnexa showed lagophthalmos in
four patients (four eyes), eyelid ptosis in two patients (two eyes), and Duane syndrome
type 1 in one patient (Table 2). One patient underwent tarsorrhaphy to treat severe lagoph-
thalmos. In all cases, lagophthalmos was secondary to facial nerve palsy after surgical
asportation of VS. All eyes with lagophthalmos developed exposure keratopathy, with
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reported two patients (two eyes) showing superficial punctate keratitis, two patients (two
eyes) presenting with corneal opacification. One patient (one eye) developed vascularized
corneal opacity due to recurrent infections. (Table 2).

Table 2. Ocular finding after inspection and observation of the anterior segment.

Ocular Findings Number of Patients % Number of Eyes %
Lagophthalmos 4 28.6% 4 14.3%
Ptosis of eyelid 2 14.3% 2 7.1%

Duane syndrome type 1 1 7.1%
Pseudophakia 2 14.3% 2 7.1%
Cataract 5 35.7% 6 21.4%
Superficial punctate keratitis 2 14.3% 2 7.1%
Leukoma 2 14.3% 2 7.1%
Corneal pannus 1 7.1% 1 3.6%

The slit lamp evaluation of the anterior segment highlighted cataracts in five patients
(six eyes). Three of them had posterior subcapsular cataracts, and two showed a cortico-
nuclear type. Two patients aged 30 and 44 years were already pseudophakic. The IOP
values were within the normal reference values in all patients (10-21 mmHg).

Fundus examination revealed the presence of epiretinal membranes in four patients
(six eyes). Specifically, one patient (one eye) presented a grade 0 ERM, one (one eye) had a
grade 1 and the other two (four eyes) had grade 2 ERMs according to the Gass classification
(Figure 1A). Three patients (three eyes) showed the presence of retinal tuft (Figure 1B)
and one patient was diagnosed with unilateral retinal hamartoma. MRI scans revealed no
significant structural abnormality compatible with optic pathway gliomas or optic nerve
sheath meningiomas. In addition MRI showed no signal change in the cranial nerves;
however, one patient presented with bilateral optic nerve edema (Figure 2) associated
with intracranial hypertension secondary to multiple compressive intracranial tumors, in
particular meningiomas (Table 3).

Table 3. Findings on fundus examination.

Ocular Findings Number of Patients % Number of Eyes %
Epiretinal membrane 4 28.6% 6 21.4%
Vitreo retinal Tuft 3 21.4% 3 10.7%
Retinal hamartoma 1 7.1% 1 3.6%
Optic nerve edema 1 7.1% 2 7.1%

The orthoptic evaluation highlighted strabismus in 50% of our sample (seven patients).
In detail, three patients (43%) presented microstrabismus, three patients (43%) exotropia,
and one patient (14%) esotropia (Table 4). Diplopia was not observed in any case, and ac-
cording to the orthoptic examinations, the three cases of exotropia were comitant. Moreover,
one patient (7%) presented bilateral co-contraction of medial and lateral rectus, resulting
in enophthalmos, reduced eyelid rim, and pseudo-ptosis. This clinical presentation was
compatible with the diagnosis of Duane syndrome type 1. Physiological nystagmus in
extreme gaze positions was found in eight patients (57%), three of them were orthophoric,
and the remaining patients had a manifest ocular deviation.
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Figure 1. (A): Severe epiretinal membrane in a 16-year-old patient affected by the Wishart variant,
OCT image. (B): Retinal tuft, OCT image.

Figure 2. Optic disc edema associated with intracranial hypertension, fundus photography, and

near-infrared image.
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Table 4. Quantification of prism diopters in patients presenting strabismus. LCR: light corneal
reflexes, CT: cover test, symm: symmetrical, PD: prism diopters.

Patient LCR Near LCR Distance CT Near CT Distance
2 —8° —12° —18 PD —25PD

3 —6° -10° —15PD —20PD

4 symm symm +6 PD +6 PD

6 —20° —15° —40 DP —35DP

9 +20° +20° +40 PD +40 PD

(Krimsky test) (Krimsky test)

12 symm symm +7 PD +5PD

14 symm symm +5PD +4 PD

4. Discussion

Type 2 neurofibromatosis is a complex, genetically determined pathology with a
variable spectrum of manifestations. Genetical features have been characterized over
time and brought together in a complex genetic severity score, which corresponds to
clinical features. The tissue mosaic form (presumed and confirmed) includes patients
with clinical signs of NF2 not confirmed by blood tests or patients with genetic alterations
detectable only in specific tissues. The classic form includes mild and moderate NF2 clinical
expression, with typical mutation identified in blood cells. The severe forms imply the
presence of specific full truncating mutations involving exons 2-13, leading to aggressive
phenotypes [8]. Age of diagnosis, age of onset, and the number of intracranial tumors,
and mutation type remain the three major predictive factors of mortality in NF2 patients.
Missense mutations have been linked to a lower risk of mortality. Moreover, clinical
manifestations are more variable in patients with splice-site mutations [13]. In more than
half of the cases, the most frequent symptoms at presentation are related to a vestibular
schwannoma of the VIII cranial nerve. Spinal tumors are diagnosed in about 90% of
patients, especially meningiomas in about 50% of patients [14].

The mild form of the disease (Gardner variant) occurs mainly with hearing loss
(vestibular schwannoma) and presents a slower course and better prognosis than the severe
early-onset form (Wishart variant). In the severe form, the ocular manifestations identified
in childhood can lead to an early diagnosis of the disease as they often precede the other
systemic manifestations. In the mild form, since the life expectancy of patients is 79 years
(46 years in the severe form), the early identification of ocular manifestations is fundamental
for preserving good visual function with targeted interventions [8].

In type 2 neurofibromatosis, the ocular involvement is frequent. In 2006, Bosch first
classified the ocular features of the disease into NF2-specific and NF2-associated. In the
NEF2-specific group, he included posterior and cortical subcapsular/capsular cataracts (67%
of patients), epiretinal membranes (40% of patients), retinal hamartomas (3% of patients),
gliomas of the optic disc (13% of patients), and optic nerve meningiomas (27% of patients).
In the NF2-associated group disc edema, optic atrophy, motility disorder, pupil dysfunction,
lid dysfunction, reduced corneal sensation, exophthalmos, and exposure or neurotrophic
keratopathy are included. The manifestations inserted in the latter group are caused by
direct or indirect damage to the nervous structures determined by tumors [9].

Most recruited patients (13 out of 14) had late onset of symptoms (>20 years), corre-
sponding to the mild form of the disease (Gardner variant). Among our cohort, the severe
early onset form was identified in a single 16-year-old patient, who presented ERMs and
subcapsular cataract, typically associated with the severe form.

In our study, in accordance with Bosch et al. the most frequently reported sign was
cataract [9], which remains the only ophthalmological finding included among the NF2
diagnostic criteria [11].
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Specifically, five of our patients (35.7%) presentedcataract, and two patients (14.3%)
already underwent cataract surgery, amounting to seven patients (50%). Considering the
young age of five of these seven patients, the development of cataract in their case can be
plausibly attributed to NF2. We can underline that these patients presented a posterior
subcapsular cataract, which is the form most frequently associated with the disease [15].
The other two patients with cataracts were, respectively 73 and 78 years old and the age
of onset was not clear from the history, therefore it cannot be safely stated that the lens
opacities in these patients are caused by NF2 or senile age.

Epiretinal membranes were the second most common sign in our sample after cataracts
(28.6% of patients). ERMs in NF2 patients, at OCT evaluation, have atypical and distinctive
characteristics, such as edges that project anteriorly into the vitreous despite an incomplete
posterior vitreous detachment, a lack of cystoid macular edema, and an irregular and
partially absent ILM [16]. These features distinguish it from idiopathic ERM or membranes
associated with other diseases [16-18]. Histopathological studies highlighted that these
abnormalities consist mainly of a mixture of Muller cells and astrocytes [19], supporting
the hypothesis that ERMs represent hamartomas composed of Muller cells and justifying
their morphological appearance [16]. OCT is the most sensitive method for studying this
type of lesion and has allowed us to detect forms of various degrees: one of grade 0, one of
grade 1, and four of grade 2 (macular pucker), according to the Gass classification [20]. Two
young patients with macular pucker, aged 16 and 37, also showed subcapsular cataracts.
The 16-year-old patient, as previously mentioned, was affected by a severe form of NF2.
This observation agrees with several authors who showed a direct relationship between
the prevalence of NF2-specific eye findings, the age of onset, and the severity of the genetic
defect [8,9].

Another relevant finding detected in 21.4% of our patients were retinal tufts. This
percentage appears to be inferior when compared with the recent literature. In a case-
control study, Emmanouil et al. reported retinal tufts as the most common abnormalities of
the central retina in 23 patients (43%), principally observed in patients with a severe form
and not seen in controls, therefore showing a positive predictive value of 100% [21]. This
difference can be explained because most of our patients have a mild form of the disease,
as mentioned above.

Interestingly, Waisberg et al. reported the presence of choroidal abnormalities in NF2
patients. Choroidal abnormalities, visible as multiple, bright, patchy nodules in near-
infrared reflectance (NIR) OCT, have recently been added to the revised diagnostic criteria
for neurofibromatosis type 1 based on their high specificity and sensitivity [22]. In our sam-
ple, we have not found compatible lesions. Further studies on choroidal characterization in
NF2 are needed [23,24].

As already mentioned, other ocular manifestations associated with NF2 are pa-
pilledema, optic atrophy, neurotrophic keratopathy, corneal keratitis and opacity, and
ocular and eyelid motility disorders [9]. Among the non-specific ocular manifestations in
our patients, we found changes affecting the cornea, eyelids, extrinsic muscles of the eye,
and the optic nerve.

We highlighted eyelid ptosis in two patients (14.3%), lagophthalmos in four patients
(28.6%), and strabismus in seven patients (50%). Eyelid ptosis is reported by Egan and
other authors as a secondary manifestation of NF2, resulting from hypofunction of the
oculomotor nerve [25]. Lagophthalmos is generally linked to post-surgical facial paralysis,
following the removal of acoustic schwannomas. [9] This clinical feature was observed in
our patients as a consequence of post-surgical VII nerve paralysis.

Corneal involvement was characterized by superficial punctate keratitis (two patients
14.3%), corneal leukoma (two patients 14.3%), and corneal pannus (one patient 7.1%).
A post-surgical lagophthalmos, due to the removal of acoustic nerve neurinomas, was
responsible for all these clinical conditions, as the incomplete closure of the eyelid rim
determined corneal epithelial suffering.
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One of our patients presented papilledema, due to increased intracranial pressure
(7.1%). Bosch et al. described in their paper a 30% prevalence of optic disk edema, mostly
caused by intracranial tumors or optic disk sheath meningiomas. The lowering of intracra-
nial pressure, thanks to the surgical removal of cancerous masses, is not always sufficient
to revert the progressive optic neuropathy. In these cases, patients can develop optic disk
atrophy with irreversible loss of vision [9]. In the literature, papilledema is described
in a small percentage of NF2 patients (<10%). The most frequent cerebral neoplasms as-
sociated with swelling of the optic disk are tumors in the posterior fossa, cranial nerve
schwannomas, or large supratentorial meningiomas [26]. Our patient was diagnosed with
multiple intra and extra-axial large and recurrent meningiomas, which required numerous
surgical procedures.

Among our cohort, we also identified one case of retinal hamartoma (7.1%) in a
patient with a moderate form of NF2. The lesion had a nasal peripapillary localization
and was observable both during the fundoscopic examination and by OCT imaging. In
the literature, retinal hamartomas have been reported with a variable frequency of 6-22%
in NF2 patients [27]. These findings can be observed at the fundoscopic examination as
whitish lesions, often involving the juxta papillary or macular area. OCT images are helpful
to better characterize the extension and depth of such lesions. Retinal hamartomas are not
specifically linked to NF2 but can be observed in other phakomatoses as well. Moreover,
the prevalence of retinal hamartomas is higher in severe forms of NF2, often leading to a
diagnosis based on ocular findings [28]. Parry et al. suggested that the presence of retinal
hamartomas can be considered a clinical indicator of intermediate/severe forms of this
pathology [5]. Furthermore, a frequent association between pigment epithelial and retinal
hamartomas has been described [9,29].

Many of the reported manifestations can affect visual acuity. Within our sample, ERMs
showed the greatest impact on BCVA, mainly when the fovea was involved, as we observed
in one of our patients who had a BCVA of 0.03. Other causes of visual impairment in our
NF2 patients were corneal opacities and cataracts.

Regarding ocular motility, in 2008, in a retrospective study, Feucht observed strabismus
in more than half of patients with NF2, mostly determined by cranial nerve palsy (III-IV-
VI) [30]. In the available literature, many studies identified ocular motility disorders in
NEF2 patients. Painter et al. retrospectively reviewed 83 patients affected by genetically
characterized NF2. They diagnosed partial third nerve palsy in three children with severe
mutation. Neuroimaging confirmed a third nerve schwannoma in all cases. Moreover, one
patient developed a partial fourth nerve palsy [10]. Feucht et al. carried out a retrospective
study of 73 NF2 patients. Different kinds of ocular motility disorders were identified in 52%
of patients. About 22% of these patients presented cranial nerve palsy, due, in most cases,
to intracranial tumors, and 26% showed concomitant strabismus, mainly horizontal [30].
Reggae et al. conducted a cross-sectional study on 49 NF2 patients, identifying oculomotor
and abducens nerve palsy in six patients and concomitant strabismus in three patients [31].
Egan et al. identified monocular elevator paresis in four patients out of 29 affected by NF2,
with dysfunction of both the superior rectus and inferior oblique muscles [25].

Barrett et al. described in a case report a two-year-old patient with recurrent third
nerve palsy associated with schwannoma of the subarachnoid portion of the right third
nerve [32]. Sokwala et al. described the case of a 21-year-old NF2 patient with a superior
oblique muscle palsy associated with a sphenoid wing meningioma extended into the
orbit [33].

The frequency of strabismus in our group was 50%, (three with microstrabismus, three
with exotropia, and one with esotropia). The three cases of exotropia we described showed
characteristics of comitant strabismus and were most likely attributable to a decompensated
intermittent exotropia. Feucht et al. [30] reported comitant types associated with NF2 in 19
(50%) out of 38 cases of strabismus. The patient presenting with esotropia was affected by
corneal pannus in the same eye with a visual acuity of no light perception. In this case, a
plausible etiology could be a sensory deprivation.
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5. Conclusions

This study describes ocular manifestations associated with NF2, confirming what was
reported by other authors [19,30,31,34]. Our study showed cataracts, including posterior
subcapsular cataracts and cortical wedge cataracts, as the most common ocular findings
in NF2, followed by ERMs and retinal hamartomas, and emphasized the role of SD-
OCT for the identification of subtle retinal lesions. Furthermore, the ophthalmological
examination needs to be integrated with an orthoptic evaluation due to the high frequency
of strabismus in NF2. The main limitation of our study is the small number of patients
recruited, due to the rare occurrence of the disease. In the multidisciplinary team, the
role of the ophthalmologist is strategic since it is well-reported that ophthalmological
manifestations usually precede typical neurological symptoms in the pediatric population,
thus making their exact recognition challenging for an early diagnosis and timely treatment.
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Abstract: Purpose: To evaluate ocular motility (OM) abnormalities associated with Ehlers-Danlos
Syndrome (EDS). Materials and methods: In this cross-sectional observational study, patients with
EDS underwent a complete orthoptic examination. The following orthoptic tests were performed:
corneal light reflex test, stereoscopic test, cover test, OM assessment, evaluation of eye pain in different
gaze positions and red filter test for diplopia. Results: The corneal light reflex test at 33 cm showed
an intermittent divergent deviation in 31.7% of patients and an intermittent horizontal deviation
associated with a vertical deviation in 4.9% of patients. A manifest strabismus was observed in
2.4% of patients, whereas 2.4% of patients showed a microstrabismus. The corneal light reflex test at
5 m revealed microstrabismus in 9.8% and manifest strabismus in 2.4% of our patients. Moreover,
intermittent exotropia was observed in 2.4% of cases. No significant alterations involving the inferior
rectus and the superior oblique muscles were observed. Significant associations were observed
between medial rectus muscle deficit of both eyes with pain (p = 0.020) and diplopia (p = 0.014).
Furthermore, a significant association between lateral rectus muscle alteration of both eyes and pain
was observed (p = 0.004). Conclusions: Our results show various OM alterations in patients with
EDS, specifically superior and medial rectus muscle hypofunction. A full orthoptic evaluation in
these patients is recommendable to detect OM involvement and possible ligamentous laxity changes
over time through an accurate OM assessment.

Keywords: Ehlers-Danlos Syndrome; collagen alteration; ocular motility; strabismus

1. Introduction

Ehlers-Danlos Syndrome (EDS) is a rare disease that includes a clinically and geneti-
cally heterogeneous variety of connective tissue diseases. This hereditary pathology affects
predominantly the skin, joints, and the musculoskeletal apparatus. Nowadays, 13 forms
of EDS are recognized, and pathogenetic mutations have been identified in 20 different
genes. The global incidence and prevalence of the disease is unclear. The incidence of one
of the most frequent variants, the classic type (cEDS), has been estimated at around 1:20.00.
The vascular one (VEDS) is one of the rarest forms and its incidence is approximated to
be between 1:50.00 and 1:200.000. The most frequent mutations concern genes encoding
for fibrillary collagen types I, IIl and 1V, enzymes linked to the biosynthetic process of
these proteins or other components of the extracellular matrix [1]. Many classifications
have been proposed over time, the most famous being the Villefranche classification, in-
troduced in 1997 [2]. The most recent revision of the EDS classification was introduced
in 2017 and includes 13 types with well-characterized genetic features. Moreover, this
new classification provides a detailed list of major and minor criteria to help the clinician
during the diagnostic process [3]. Thanks to DNA sequencing analysis, for the majority
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of EDS variants, a genetic cause has been identified. cEDS is determined by heterozygous
pathogenetic variants in COL5A1 or COL5A2, leading to haploinsufficiency in type V
procollagen. vEDS is caused by defects in type III procollagen resulting from COL3A1
mutations. Different types of alterations involving type I procollagen are responsible for
Arthrochalasia EDS, Dermatosparaxis EDS and Cardiac Valvular EDS. Defects of collagen
crosslinking or folding are detectable in Kyphoscoliotic EDS forms. Classical-like EDS
and Myopathic EDS are attributable to dysfunction in extracellular matrix (ECM) compo-
nents. Musculocontractural EDS and Spondylodysplastic EDS are attributable to defects in
glycosaminoglycans’ biosynthetic process. In Periodontal EDS, an abnormal interaction
between the complement and ECM has been recognized. The brittle cornea syndrome is
attributable to the mutation of a zinc finger protein (ZNF469) with unknown function and a
transcriptional regulator (PRDMS5) leading to dysregulation in many genes, such as COL4A,
COL11A1 and genes involved in ECM deposition. Regarding the hypermobile variant, a
genetic cause has not been identified [1]. All EDS forms share some pathognomonic clinical
characteristics, particularly joint hypermobility, cutaneous hyperlaxity, atrophic scarring,
skin fragility and the tendency to develop spontaneous ecchymosis [3]. The classic and
hypermobile variants are the most frequently diagnosed, representing around 90% of all
forms. The vEDS is one of the rarest, being identified in less than 5% of cases. As a result of
the clinical overlapping of EDS with other inheritable connective tissue disorders, a purely
clinical diagnosis is often difficult to perform. For this reason, the possibility to confirm the
diagnosis with genetic analysis is fundamental [4]. At the same time, for many patients
with a clear EDS clinical presentation, a genetic anomaly is not detectable [5].

EDS ophthalmological manifestations involve corneal, conjunctival, orbital and vas-
cular structures. Corneal abnormalities described in the literature are microcornea, mega-
locornea, corneal thickness and curvature alterations, surface irregularity and decreased
corneal sensitivity. The progressive corneal thinning and steepening can lead to sponta-
neous ruptures with subsequent scarring and to elevated astigmatism and keratoconus [6,7].
These alterations are linked to an important reduction in type 5 collagen in the corneal
stroma and reduced density of collagen fibrils. The finding of larger-diameter fibrils and
irregular organization can also affect corneal transparency [8]. The corneal involvement
is frequently encountered in cEDS patients, in the presence of type V collagen mutations.
Conjunctival abnormalities observed in EDS are severe conjunctivochalasis, recurrent
subconjunctival hemorrhages and conjunctival irritation with chemosis and foreign body
sensation [7]. Orbital and ocular adnexa alterations such as blepharochalasis, palpebral
ptosis, floppy eyelid, ectropion, hypertelorism, epicanthal folds, orbital pain and periorbital
hemorrhages or swelling have been described [8-10]. Moreover, in EDS, tear film insta-
bility and deficiency, blue sclera, myopia and degenerative myopia have been reported,
oftentimes associated with vitreo-retinal degenerations and abnormalities due to scleral
thinning and bulging in consequence of abnormal collagen deposition. High myopia can
lead to the development of myopic staphyloma, choroidal thinning, retinal atrophy and
lacquer cracks [11,12]. Strabismus was reported in this clinical condition, mostly due to
craniofacial bone asymmetry with orbital misalignment, and to abnormal collagen depo-
sition in the extraocular muscles. Ocular imbalance due to orbital discrepancy can also
cause diplopia, amblyopia and stereopsis reduction [7,13,14]. A higher incidence of open
angle glaucoma associated with altered development of the aqueous outflow tract has been
reported. This complication is mostly detected in vEDS, because collagen type IIl is a funda-
mental component of the juxtacanalicular meshwork and Schlemms canal [15]. Regarding
retinal involvement, this condition is characterized by vessel fragility and malformation
that may lead to vitreous hemorrhages. In particular, vEDS is linked to a higher incidence
of rhegmatogenous retinal detachment and angioid streak formation [16]. Moreover, EDS
patients suffering from cardiovascular and valvular diseases are more likely to develop
retinal ischemic perivascular lesions, recognizable with ocular coherence tomography [17].
Lens involvement occurs less frequently compared to other heritable connective tissue
disorders, particularly Marfan Syndrome. Ectopia lentis and dislocation have rarely been
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described [18,19]. Interestingly, a higher incidence of small lens opacities has been found
among young EDS patients [12]. Furthermore, in patients with important scleral thinning,
cases of spontaneous globe rupture have been described. A secondary cause of vision loss
can be linked to systemic and cerebrovascular complications, such as cervical artery dissec-
tion or aneurysms, which can determine ischemic/hemorrhagic brain injury. These events
can manifest with visual symptoms such as nystagmus, visual field loss, visual acuity
reduction, diplopia and ocular motility disorders. Carotid cavernous fistula has also been
described in EDS patients, potentially responsible for relative afferent pupillary defects,
episcleral vein congestion, pulsating exophthalmos and retinal thromboembolism [7]. The
most recent EDS classification includes the brittle cornea syndrome. This pathology has an
autosomal recessive inheritance and patients present mostly ocular signs. Pathognomonic
characteristics of this syndrome are a thin cornea associated with an elevated risk of devel-
oping keratoglobus or keratoconus in early life. This condition can cause corneal rupture,
perforation and infections as consequences of mild injuries in young patients. Progressive
corneal thinning may result in corneal opacities and scarring, potentially vision-threatening.
Central corneal thickness is often <400 um. These patients are prone to high myopia due
to an elevated ocular axial length, associated with blue sclera. In these cases, patients
can also be subjected to retinal complications such as retinal detachment or secondary
glaucoma. Additionally, this pathology presents a systemic involvement with deafness,
hypercompliant tympanic membrane, hip dysplasia, scoliosis, arachnodactyly, joint hy-
permobility, finger contractures and hyper-extensible and fragile skin [3,7,20]. Moreover,
in BCS patients, altered ECM protein expression in Bruch’s membrane has been demon-
strated. Bruch’s membrane weakness can be responsible for the development of choroidal
neovascularization at a young age [21].

In this cross-sectional observational study, we evaluated the orthoptic features and the
ocular motility (OM) abnormalities associated with Ehlers-Danlos Syndrome.

2. Materials and Methods

From January 2021 to December 2022, 132 patients with EDS were consecutively
observed from the Centre of Rare Diseases at the Policlinico Umberto I University Hospital.
Among these 132 patients, 41 patients were recruited for the study, which was approved by
Sapienza University of Rome’s Ethics Board and was performed in accordance with the
Declaration of Helsinki. Written informed consent was obtained from all participants. The
41 enrolled patients were 36 females and 5 males, with a mean age of 28 + 12.6 (range 6-55).
Moreover, 90.2% of patients (N = 37) had hypermobile EDS, 2.4% (N = 1) a vascular type and
7.3% (N = 3) of patients were not classified. All patients were already diagnosed with EDS
and genetically classified. A full orthoptic evaluation, including the corneal light reflex test
(CLR) and the cover test (CT) examination, was performed. We checked for the presence
of OM disorders and associated diplopia or tenderness during ocular movements in all
gaze positions. The stereoscopic sense was evaluated with the Lang test I and II. The BCVA
evaluation at 5 m with the Snellen chart and a full ophthalmological examination were
performed only during the recruitment stage, with the sole purpose of screening the patients
for the exclusion criteria. The exclusion criteria were all ophthalmological diseases apart
from OM abnormalities, and a Best Corrected Visual Acuity (BCVA) below a 0.1 decimal,
to guarantee correct fixation during the orthoptic examination. Moreover, patients with
vascular, neurodegenerative and systemic diseases (e.g., multiple sclerosis, Parkinson’s
disease or diabetes) that could influence the orthoptic evaluation were excluded.

Statistical Analysis

Descriptive statistical analysis was performed considering all data collected. For each
categorical variable, percentages and frequencies were calculated. The chi square test was
employed to evaluate possible associations between the orthoptic parameters. The analysis
was conducted using R (version 4.2.2, R Foundation for Statistical Computing, Vienna,
Austria). A p value < 0.05 was considered significant.
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3. Results
Orthoptic Evaluation

The CLR at 33 cm appeared symmetrical in 58.5% of patients (N = 24). Moreover, this
test showed an intermittent divergent deviation in 31.7% (N = 13), an intermittent horizontal
deviation associated with a vertical deviation in 4.9% (N = 2), a manifest strabismus in 2.4%
(N =1) and a microstrabismus in 2.4% (N = 1) of patients.

The CLR at 5 m appeared symmetrical in 85.4% (N = 35) of patients. This examination
showed an intermittent exotropia in 2.4% (N = 1), a manifest strabismus in 2.4% (N = 1)
and a microstrabismus in 9.8% (N = 4) of patients.

The CT at 33 cm revealed orthophoria in 19.5% (N = 8), exophoria in 22% (N =9),
intermittent exotropia in 43.9% (N = 18), exotropia in 2.4% (N = 1), esophoria in 2.4%
(N =1), intermittent esotropia in 4.9% (N = 2) and esotropia in 4.9% (N = 2) of patients.

The CT at 5 m revealed orthophoria in 75.6% (N = 31), exophoria in 9.8% (N = 4),
intermittent exotropia in 7.3 % (N = 3), esophoria in 2.4% (N = 1) and esotropia in 4.9%
(N =2) of patients.

The CT at 33 cm showed a vertical deviation in 65.9% (N = 27) of patients; in particular,
41.5% (N = 17) presented a right/left (R/L) and 24.4% (N = 10) a left/right (L/R) deviation.
The CT at 5 m showed a vertical deviation in 24.4% (N=10); in particular, R/L was observed
in 14.6% (N = 6) and L/R in 9.8% (N = 4) of patients.

The Lang test showed an absence of stereopsis in 4.9% (N = 2) of patients. One of the
patients revealed a microstrabismus and the other one presented a partially accommodative
esotropia with an angle of 20 prismatic diopters (PD) measured at 33 cm and 40 PD
measured at 5 m.

All data regarding OM of the right eye (RE) and the left eye (LE) are summarized in
Tables 1 and 2.

Table 1. Ocular motility of the right eye.

Muscle Severe Muscle Moderate-Mild Severe Muscle Moderate-Mild Normal Muscle
Hyperfunction Hyperfunction Hypofunction Hypofunction Functioning
MR 24% (N=1) 12.2% (N = 5) 14.6% (N = 6) 29% (N =12) 41.4% (N =17)
LR 171% (N =7) 26.8% (N =11) 49% (N =2) 24% (N=1) 48.7% (N = 20)
SR N=0 N=0 17.1% (N =7) 24.4% (N =10) 58.5% (N = 24)
IR N=0 N=0 N=0 N=0 100% (N = 41)
SO N=0 24% (N=1) N=0 N=0 97.6% (N = 40)
10 24.4% (N =10) 34.2% (N = 14) N=0 N=0 41.5% (N =17)
MR: Medial Rectus, LR: Lateral rectus, SR: Superior Rectus, IR: Inferior Rectus, SO: Superior Oblique, IO:
Inferior Oblique.
Table 2. Ocular motility of the left eye.
Muscle Severe Muscle Moderate-Mild Severe Muscle Moderate-Mild Normal Muscle
Hyperfunction Hypofunction Hypofunction Hypofunction Functioning
MR 49% (N =2) 7.3% (N =3) 19.5% (N = 8) 29.2% (N =12) 39% (N =16)
LR 9.8% (N = 4) 28.4% (N = 12) 24% (N=1) 24% (N=1) 56% (N = 23)
SR N=0 24% (N =1) 17.1% (N =7) 36.8% (N =11) 53.7% (N = 22)
IR N=0 N=0 N=0 N=0 100% (N = 41)
SO N=0 N=0 N=0 N=0 100% (N = 41)
10 9.8 % (N =4) 19.5% (N = 8) N=0 N=0 70.7% (N =29)

MR: Medial Rectus, LR: Lateral rectus, SR: Superior Rectus, IR: Inferior Rectus, SO: Superior Oblique, IO:
Inferior Oblique.

Among our patients, 41.5% (N = 17) complained of diplopia, while 58.5% (N = 24)
showed single binocular vision. Furthermore, 75.6% (N = 31) of patients reported ten-
derness during OM examination. Half of the diplopic patients presented pain in the
upward gaze and in the right or left lateroversion. The inferential analysis, reported in
Tables 3 and 4, allowed us to evaluate the associations between the orthoptic parameters
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and the presence of diplopia and pain. Significant associations were observed between a
Medial Rectus muscle (MR) deficit of the RE with pain (p = 0.020) and diplopia (p = 0.014).
Furthermore, there was also a significant association between alteration of the Lateral
Rectus muscle (LR) of the RE and the presence of eye pain (p = 0.004). As regards the LE,
a significant association was observed between the MR deficit and pain (p < 0.001) and
diplopia (p = 0.030) and between the LR deficit and pain (p = 0.011).

Table 3. Univariate analysis of the RE orthoptic parameters with pain/diplopia.

Pain Diplopia
Variable 14 14
Absent Present Absent Present
Normal 9 10 15 4
MR 0.020 ° 0.014 *
Alteration 1 21 9 13
Normal 9 11 14 6
LR 0.004 ° 0.146 *
Alteration 1 20 10 11
Normal 8 16 16 8
SR 0.152° 0.209 *
Alteration 2 15 8 9
Normal 10 31 24 17
IR NC NC
Alteration —_ — —_ —_
Normal 10 30 24 16
SO 1.000 °© 0.415°
Alteration 0 1 0 1
Normal 7 10 12 5
10 0.063 ° 0.187 *
Alteration 3 21 12 12

MR: Medial Rectus, LR: Lateral rectus, SR: Superior Rectus, IR: Inferior Rectus, SO: Superior Oblique, IO: Inferior
Oblique. * p-value Chi-Square Test; ° p-value Fisher Test; NC: not calculable.

Table 4. Univariate analysis of the LE orthoptic parameters with pain/diplopia.

Pain Diplopia
Variable P 14
Absent Present Absent Present
Normal 9 7 14 2
MR <0.001 ° 0.030 *
Alteration 1 24 10 15
Normal 9 13 14 8
LR 0.011° 0476 *
Alteration 1 18 10 9
Normal 7 15 15 7
SR 0.292 ° 0.177 *
Alteration 3 16 9 10
Normal 10 31 24 17
IR NC NC
Alteration —_ — —_ —_
Normal 10 31 24 17
SO NC NC
Alteration — — — —
Normal 8 21 19 10
10 0.694 ° 0.184°
Alteration 2 10 5 7

MR: Medial Rectus, LR: Lateral rectus, SR: Superior Rectus, IR: Inferior Rectus, SO: Superior Oblique, 1O: Inferior
Oblique. * p-value Chi-Square Test; ° p-value Fisher Test; NC: not calculable.

4. Discussion

In our study, a complete and detailed OM evaluation describes the characteristics of the
extraocular muscle disorders in patients with diagnosed EDS. A manifest strabismus was
observed in a small group of the included patients. However, several extraocular muscles,
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such as MR, LR, SR and IO, were affected, with different frequencies, by hypofunction
or hyperfunction, while the IR and SO showed no alteration. In detail, considering the
diagnostic gaze position in the right lateroversion, the left MR had severe hypofunction in
19.5% and the right LR had moderate-mild hyperfunction in 26.8% of cases. On the other
hand, in the left lateroversion, moderate-mild hypofunction was observed in the right MR
in 29% and hyperfunction of the same degree in the left LR in 28.4% of cases. Considering
the diagnostic gaze position up and to the right, we found moderate-mild hypofunction
in the right SR in 24.4%, with contralateral synergistic muscle hyperfunction (left 10) in
19.5% of cases. The last gaze position in which the OM examination revealed deficits was
up and to the left, where the left SR showed moderate-mild hypofunction in 36.8% and the
right IO showed moderate-mild hyperfunction in 34.2% of cases. The two horizontal gaze
positions to the right and left were associated with the presence of eye pain and diplopia.
The presence of diplopia shows how oculomotor alteration appeared after the plastic period
(06 years) as a consequence of the EDS progression. These orthoptic alterations suggest
that the ligamentous laxity observed in EDS tends to involve the extraocular muscles. Our
findings suggest that ligamentous laxity and muscular fiber alterations can in fact affect
the ocular district, determining functional changes over the years. Ophthalmological and
orthoptic evaluation should be considered as part of the regular diagnostic assessment
in this pathology. In our cohort, only a minority of patients presenting ocular motility
disorders reported diplopia. These data suggest that an important part of ocular muscular
dysfunction remains subclinical and underdiagnosed. An early diagnosis of this muscular
involvement might be crucial in these patients to monitor the evolution of the disease
over time. Moreover, the ocular muscular district offers the possibility of an easy clinical
evaluation and can mirror the condition of the systemic muscular apparatus. Furthermore,
EDS children during the plastic period should be closely checked, because the development
of subclinical strabismus can represent an important cause of amblyopia. In children, the
occurrence of subtle forms of strabismus is not associated with the onset of double vision,
but can lead to silent sight suppression.

Meyer et al. studied the structures of the fibrils of the dermal collagen and the fibrils
of the extraocular muscles and the conjunctivae of both eyes of a child affected by EDS.
They observed that in the reticular dermis, 48% of fibrils presented a normal diameter, 23%
were enlarged and 29% were thinner than normal. In the extraocular muscle, they found
that 77% of fibrils were of normal size, 14.5% of larger size and 8.5% of smaller size. In
the conjunctivae, 73% of the fibrils were of normal size, 22% were enlarged and 5% were
smaller. In healthy controls, no small fibrils were found in the extraocular muscles [14]. To
the best of our knowledge, this is the first study that analyzes specifically the extraocular
muscle abnormalities in EDS through a complete and accurate orthoptic assessment. Fur-
thermore, the previous studies that described OM alterations in EDS had by far a smaller
sample compared to ours. Perez-Roustit et al. reported OM disorders in 15 (71.4%) of
21 patients affected by EDS, with convergence insufficiency in 13 of them [22]. Louie et al.
reported, among 467 patients with confirmed EDS, 17 cases that underwent strabismus
correction surgeries, out of which 14 (82.4%) underwent surgery before receiving their
EDS diagnosis [13]. Other authors reported strabismus in EDS patients in combination
with particular craniofacial features such as down-slanting palpebral fissures, palatine
alterations, microretrognathia or protruding jaw and crowded teeth, contributing to con-
genital contractures and malocclusion [23,24]. It can be hypothesized that bone craniofacial
alterations, malocclusion and frequent orthopedic spine issues, leading to incorrect pos-
ture, might represent an additional risk factor for the development of strabismus [25,26].
Moreover, we can suppose that these OM disorders are additionally attributable to mus-
cular dysfunction due to the altered deposition and organization of collagen fibrils in the
muscles, leading to reduced muscle mass and weakness. Muscular atrophy, hypotonia and
contractures are described in the literature in this pathology relatively to other muscular
districts, defining a myopathic subtype of EDS [27]. In our sample, these alterations in OM
cannot be correlated with compromised binocular vision, because motor fusion was within
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the normal limits and stereopsis, although in some cases coarse, was present. Promising
results in the assessment of stereopsis could be obtained by measuring the ocular following
responses (OFR). OFR are configured as short-latency, slow eye movements that constitute
a visual tracking system. These responses aim to adjust the fixation as the visual stimulus
varies. OFR allows physiological shifts in fixation, between near and far objects appearing
in the visual field during everyday activities. Binocular gaze shift is usually permitted
thanks to a combination of saccades and vergence movements. It helps to stabilize the
eyes on the visual scene [28,29]. Different studies highlighted a possible role of OFR in
the evaluation of binocular vision and inter-eye collaboration, through the analysis of eye
movements. Neurons localized in the primary visual cortex elicit stronger responses if
activated by binocular stimuli, determining enhanced OFR. These findings suggest that
OFR might reveal the presence of binocular collaboration and summation in patients [30].
Moreover, OFR can be detected also in young children or in patients in whom it may be
difficult to assess stereopsis using common tests for binocular vision [31]. The present
study has some limitations, such as its retrospective nature, the small sample size and the
poor homogeneity of the sample relative to gender and age, which could affect the general-
izability of the findings. On the other hand, as EDS is an extremely rare disease, we chose
to recruit, in our study, the largest number of affected patients that we had at our disposal,
despite the fact that this has disadvantaged data homogeneity. Another important limit
of our study is that our main focus has been on ocular motility disorders, without taking
into consideration the possibility to correlate these data with other eventual intraocular
manifestations. Further studies are warranted to evaluate the potential correlation between
alterations in eye movement and muscular alterations in other corporeal districts. Another
field in which to improve research on EDS could be represented by the histological analysis
of extraocular muscle features. At present, only one article on this topic is available in the
literature [14].

5. Conclusions

The present study describes the characteristics of OM abnormalities in patients with
EDS and suggests how accurate orthoptic screening together with the ophthalmological
evaluation could provide a significant contribution to the management of the patients
affected by this rare syndrome. An orthoptic protocol of rehabilitation should be planned
in cases of OM alterations that interfere with the patient’s quality of life. Further studies
are warranted to confirm the findings of the present research on the OM abnormalities
associated with EDS, and it would be desirable to perform a genetic investigation to
understand the link between the gene and the extraocular muscle involved.
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Abstract: By definition, children constitute a vulnerable population, especially when they are chron-
ically ill and/or disabled. A characteristic of chronically ill and disabled children is that they also
suffer from indirect effects of their disease, such as immobilization, chronic inflammation, reduced
time outdoors in the sun, osteotoxic effects of disease-targeted therapy (like glucocorticoids), and
poor nutrition. All these factors may lead to bone fragility due to secondary osteoporosis, a co-
morbidity that may be overlooked in the context of serious underlying diseases. The ultimate goal
of osteoporosis diagnosis and monitoring in this setting is the early identification, prevention, and
treatment of low-trauma long bone and vertebral fractures; indeed, vertebral fractures are a frequently
check for under-diagnosed manifestation of overt bone fragility in this context. Efforts to prevent first-ever
updates fractures are also meritorious, including encouragement of weight-bearing activities, optimization
Citation: Dittrich, A.TM.; Janssen, of nutritional status, including calcium and vitamin D supplementation, and the diagnosis and
EJ.M.; Geelen, J.; Bouman, K.; Ward, treatment of delayed growth and puberty; however, these conservative measures may be insufficient
L.M.; Draaisma, ] M.T. Diagnosis, in those at high risk. Numerous natural history studies have shown that vertebral fractures are
Follow-Up and Therapy for more common than non-vertebral (i.e., long bone) fractures in at-risk children. Not surprisingly, the
Secondary Osteoporosis in cornerstone of secondary osteoporosis monitoring is lateral spine imaging for the early detection
VuhTerable Chﬂd'ren: A Narrative of vertebral collapse. Although dual-energy x-ray absorptiometry (DXA) is the gold standard to
E:;ev/v/szir?;l;zzoj/s L measure bone mineral density, digital X-ray radiogrammetry may be used as a surrogate measure
app13074491 of bone strength if dual-energy x-ray absorptiometry is not available. In the event that preventive
measures fail, treatment with bisphosphonates may be appropriate. Typically, treatment with in-
Academic Editors: Gaspare Palaia, travenous bisphosphonates is reserved for children with overt bone fragility and limited potential
Alice Bruscolini and Massimo Ralli for spontaneous recovery. However, there is increasing attention to very high-risk children, such as
Received: 17 January 2023 boys with Duchenne muscular dystrophy, who may benefit from bisphosphonate therapy prior to
Revised: 6 March 2023 first-ever fractures (given their high fracture frequency and essentially absent potential for sponta-
Accepted: 29 March 2023 neous recovery). This article provides a contemporary overview of the definition and diagnosis of
Published: 1 April 2023 osteoporosis in children with chronic illness, along with the approach to monitoring those at risk and

the evidence for currently recommended intervention strategies.
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by the age of 65 [2]. Osteoporosis is a known chronic morbidity in adults by the age of
65 [3]. In children, osteoporosis can be categorized into primary and secondary causes.
Primary osteoporosis in children is caused by a disease of the bone itself, for example, os-
teogenesis imperfecta. Secondary osteoporosis in children can be caused by immobilization,
cytokine-release-related disorders, gastrointestinal disorders, endocrine disorders, drugs
(particularly glucocorticoids), or a combination of these factors. In children with certain
diseases, multiple factors can contribute to bone fragility and secondary osteoporosis; the
most common of these include chronic glucocorticoid use, inflammatory disorders, and
compromised mobility. Both types of osteoporosis are associated with an increased risk of
fractures and morbidity and decreased quality of life [4].

The diagnosis of osteoporosis in children is more challenging than in adults because
bone mass varies greatly with age/pubertal stage and because peak bone mass has not
yet been attained. In addition, fracture rates increase during periods of accelerated linear
growth, such as during adolescence [5]. In 2014, The International Society of Clinical
Densitometry (ISCD) put forward a definition of osteoporosis that was meant to avoid over-
diagnosis in otherwise healthy children. In this specific context, the ISCD defined pediatric
osteoporosis as 1. >2 long bone fractures before the age of 10 years or >3 long bone
fractures before the age of 19 years in combination with a low bone mineral density (BMD)
for age and gender (z-score <—2.0 as measured by DXA), or 2. >1 vertebral compression
fractures (VF), independent of the BMD, in the absence of major trauma or local disease [6].
It is important to underscore that this conservative definition was intended for otherwise
healthy children, as opposed to children at high risk for fractures, so as to avoid labeling
children with osteoporosis who may have simply been unlucky on the playground or in
sports activities. In children with significant risk factors for bone fragility due to chronic
illness, even a single low-trauma long bone or vertebral fracture (in the absence of a “low
BMD”) may be sufficient to diagnose the child with osteoporosis, as discussed in a recent
paper by Ward et al. [7].

This article will first discuss the diagnostic approach to bone fragility and low bone
mass in childhood. We will then focus on two representative conditions associated with
low bone mass: immobilization and drug-related (glucocorticoid therapy). Thereafter, we
will describe methods that can be used for osteoporosis screening, prevention, and therapy.
Finally, we will describe secondary osteoporosis in three groups of children with chronic
diseases, to which less attention is paid in literature, more in detail: children with profound
intellectual and multiple disabilities, children on the ketogenic diet, and children with
congenital myopathies.

2. Diagnosis

As stated earlier, the ISCD definition of osteoporosis in children was not intended for
children with significant risk factors for bone fragility due to chronic illness. Waiting for a
second long bone fracture, a first vertebral fracture or a low BMD by DXA following low-
trauma fractures unnecessarily delays the initiation of treatment in those with conditions
known to be associated with an increased risk of bone fragility [8]. A vertebral fracture
in children has been defined as >20% loss of vertebral height ratio according to the semi-
quantitative Genant method [9]. The Genant method to define VF in children has been
validated by showing that vertebral fractures defined in this way independently predict
new (i.e., subsequent) vertebral and long bone fractures [8]. VFs are more common than
long bone fractures in children with chronic illness treated with glucocorticoids: VFs occur
in 32.5%, non-VFs in 23% of children with acute lymphoblastic leukemia [8], and VFs occur
in 16.3% and non-VF fractures in 10.1% of children with rheumatic disorders treated with
glucocorticoids [10]. Thirty-nine percent of children with VF in the group of children with
acute lymphoblastic leukemia were asymptomatic [8]. For this reason, routine monitoring
by lateral spine imaging (radiography or dual-energy x-ray absorptiometry) is required
for their early detection [11]. Untreated VFs can lead to chronic back pain and spine
deformity [8]. Therefore, screening for VF is so important that many clinicians are now
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using DXA-based Vertebral Fracture Assessment, for which there are guidelines in children
put forward by the ISCD [12,13]. This has the advantage of low radiation, lack of parallax,
and showing the entire spine on one cassette (which minimizes errors in determining the
affected vertebral level(s)) [12].

A child with a chronic illness associated with bone fragility with a size-adjusted BMD
z-score <—2.0 but without a history of fractures is not classified as having osteoporosis
per se but would be considered at-risk. The definition “fractures without major trauma”
has been defined as fractures occurring outside of motor vehicle accidents or falling from
10 feet (3 m) or less [4]. With respect to falls in the at-risk, chronic illness setting, a more
appropriate definition has been used: falling from a standing height or less or at no more
than walking speed [8].

DXA-based BMD can be viewed as a clinical precursor to bone fragility, as it is
considered a surrogate for bone strength. Because 90% of peak bone mass is acquired by
the age of 18 years, chronic pediatric disease reduces BMD and thus increases fracture
risk, not only in childhood and adolescence but also in adulthood [4,14]. There is a strong
correlation between BMD and fracture risk [15]. However, BMD can be normal in children
with fractures due to secondary osteoporosis [8,15]. DXA is the gold standard for the
measurement of bone mass (bone mineral content, BMC) and bone mineral density (BMD)
in children because of its precision, minimal radiation dose, reproducibility, availability of
normative data, and correlation with prevalent and incident fractures in children [15-17].
Different DXA skeletal sites for BMD measurement have been described, with the lumbar
spine (L1-L4] and hip (the latter, in children over 4-5 years of age) representing key skeletal
sites [13,16]. The main purpose thus of BMD is to provide additional evidence to justify an
appropriate workup and therapeutic intervention. Follow-up of the BMD can be used as a
predictor of bone fragility, with a loss of > 0.5 SD considered clinically significant [7,11].

However, DXA has its limitations. DXA may be technically impossible to perform
or interpret in children due to movement during measurement, metallic implants, con-
tractures, and sometimes scoliosis [18]. Secondly, the z-scores are based on calendar age
and not skeletal maturation. This may lead to inaccurate interpretation of measurements
in those with delayed pubertal development [19,20]. Last but not least, DXA provides a
measurement of areal BMD (g/ cm?) rather than volumetric density (g/ cm3), which can
give an underestimation of BMD in children with small stature s and an overestimation of
BMD in children with tall stature [21].

There are other methods, like digital X-ray radiogrammetry of the hand, periph-
eral quantitative computed tomography (both standard (pQCT) and high resolution (HR-
pQCT)), and quantitative ultrasound, that may overcome some of these limitations. How-
ever, these are currently not in routine clinical use. A recent systematic review, including a
meta-analysis, reviewed the literature on the relationship of digital X-ray radiogrammetry,
pQCT, and quantitative ultrasound with DXA [22]. According to this study, digital X-ray
radiogrammetry had the strongest positive relationship with DXA (correlation coefficient
of 0.71]. Digital X-ray radiogrammetry uses web-based software (for example BoneXpert),
which can assess both skeletal maturation (bone age) and bone strength, expressed as
the bone health index (BHI). This BHI is a measurement of cortical thickness and cortical
mineralization, which results in a representation of bone quality. The BHI reference values
are specific for gender and bone age. Digital X-ray radiogrammetry is less stressful for
pediatric patients than DXA and is easy to obtain. Often performing an X-ray of the hand
does not involve additional exposure to ionizing radiation since hand radiographs for the
assessment of bone age are regularly obtained in at-risk children [20]. In a prospective
study of 101 pediatric patients with a high probability of low bone strength, digital X-ray
radiogrammetry was compared with DXA [18] in children with the following profile: mean
age was 11.7 years, 38 were non-ambulatory, and 52 had a neurological disorder. The
mean BMD z-score was —1.3 for the group and for the non-ambulatory children —2.2.
Digital X-ray radiogrammetry had a sensitivity of 67% and a specificity of 83% for BMD
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z-score <—2.0. Additionally, If the BMD z-score was <—2.0, digital X-ray radiogrammetry
z-scores (being also <—2.0] demonstrated a percentage of 92.4% agreement.

(HR-) pQCT is used to measure cortical and trabecular volumetric bone mineral
density separately and microarchitectural bone morphology. Movement artifacts are a real
limitation [23]. The use of (HR-) pQCT is limited due to the lack of standardized pediatric
reference data for young children, and only a few (HR-) pQTC scanners are available
for patient care. The correlation coefficient of (HR-) pQCT with DXA is only 0.57 [21].
Quantitative ultrasound has the same correlation coefficient.

Practical information about who and how to screen for osteoporosis is given in the
Section 4 further in this manuscript.

3. Risk Factors for Developing Secondary Osteoporosis
3.1. Immobilization and Secondary Osteoporosis

Immobilization is normal in children who are wheelchair-dependent. Cerebral palsy
and neuromuscular disorders, such as Duchenne muscular dystrophy, are examples of
diseases with immobilization. However, also severe neurodevelopmental disorders and
spina bifida are frequent causes of immobilization.

The degree of immobilization in children with cerebral palsy is classified with the Gross
Motor Functional Classification Scale (GMFCS) in five levels [24]. GMFCS level 4 means
that a child can walk indoors for short distances with assistance but relies on a wheelchair
outdoors. Children with GMFCS level 5 are wheelchair dependent. Immobilization in
children with cerebral palsy reduces biomechanical bone loading, leading to thinner long
bones and less trabecular bone formation [25]. In children aged 2-19 years with moderate
to severe cerebral palsy, classified as GMFCS level 3-5, low BMD was found in 97% of
children unable to stand and older than 9 years. This leads to reduced periosteal apposition
in lower extremity bones, reducing cortical thickness. Consequently, fractures occur most
commonly in the distal femur and tibia. Fractures occurred in 26% of children who were
older than 10 years [26]. Other factors that contributed to low BMD (z score <—2.0] were
feeding difficulty and the use of anticonvulsants. Other studies showed an incidence of
fractures of 4% per year [27].

The major role that immobilization plays in secondary osteoporosis and low BMD is
also illustrated by boys with Duchenne muscular dystrophy. In the era preceding treatment
with glucocorticoids, Larson and Henderson found that BMD was only slightly decreased
(z-score lumbar spine —0.8] when the boys were ambulatory but decreased significantly
after the loss of ambulation (z-score lumbar spine —1.6] [28]. This was also shown by
Crabtree et al. in boys with Duchenne muscular dystrophy treated with glucocorticoids
who became non-ambulant [29]. They showed that 44% of the boys sustained a fracture.
Two-thirds of these fractures involved the lower extremities, and there were no vertebral
fractures. Moreover, 44% of the boys who walked with support at the time of fracture never
resumed walking after the fracture. In addition, Joseph et al. showed an absence of clinical
vertebral fractures in glucocorticoid naive boys [30]. In the authors” experience, vertebral
fractures can occur in DMD among steroid-naive patients if routine screening is part of the
bone health evaluation; however, this occurrence is rarely related to boys with DMD who
are receiving glucocorticoid therapy.

Preclinical studies are useful for a more in-depth understanding of the relationship
between immobilization and secondary osteoporosis. Animal models may be used to study
immobilization and the cellular mechanisms of secondary osteoporosis. A recent systematic
review gives an overview of known animal models [31].

3.2. Drug-Induced Secondary Osteoporosis

A myriad of drugs can lead to low BMD and secondary osteoporosis. The most
well-known are glucocorticoids, anticonvulsants, and methotrexate [32]. Glucocorticoids
are often used for prolonged periods of time in (chronic) diseases in children like sys-
temic inflammatory and autoimmune diseases, renal diseases, after organ transplantation,
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leukemia, and Duchenne muscular dystrophy. These diseases in themselves may also lead
to fragility fractures because of reduced bone strength, for example, due to the effect of the
increased cytokines (like IL1, IL6, and tumor necrosis factor-alpha) in case of systemic in-
flammatory and autoimmune diseases on bone metabolism [33]. Much is known about the
adverse effects of glucocorticoids on bone strength [34]. Glucocorticoids cause decreased
bone formation, with an additional early and transient increase in bone resorption. The final
effect is increased bone turnover with early onset bone loss [35]. BMD rapidly decreases
in the first 2 weeks after the start of glucocorticoids, leading to significant bone loss in
the first 3-6 months of therapy [36]. This loss diminishes with time and is replaced by a
chronic phase of decreased bone formation. The ultimate effect is a reduction of BMD and
altered bone microarchitecture, with a predilection for the trabecular-rich spine [34]. This
deleterious effect of glucocorticoids on bone strength can be seen in children with Duchenne
muscular dystrophy. Glucocorticoids are used to delay loss of ambulation, improve or retain
pulmonary function with reduced need for assisted ventilation and delay cardiomyopa-
thy [37]. Before corticosteroids were used, vertebral fractures were rarely seen in children
with Duchenne muscular dystrophy, and most fractures involved the lower extremities [28].
In boys living with Duchenne muscular dystrophy who are treated with glucocorticoids,
the prevalence of vertebral fractures is >50%, with a cumulative incidence of 28% over
a median follow-up of 4 years after starting with glucocorticoids [30,38]. In Canada, an
observational cohort study was performed to increase insight into glucocorticoid-induced
osteoporosis in children [34]. The most important observations were that vertebral fractures
are the hallmark of pediatric glucocorticoid-induced secondary osteoporosis, can occur in
the first year of glucocorticoid treatment, and are frequently asymptomatic. However, some
children have the growth-mediated ability to restore normal vertebral body dimensions
following vertebral fractures. This is important to know since this may preclude the need
for intravenous osteoporosis therapy [39]. Children with poor growth, older children (with
less residual growth), and children with ongoing bone health threats have less potential for
vertebral body reshaping, which can result in permanent vertebral deformity [8]. Therefore,
timely intervention with intravenous osteoporosis therapy is paramount in children with
vertebral fractures if they have persistent risk factors for ongoing spine collapse.

Although preclinical models may help to understand the effects of glucocorticoids on
bone metabolism and bone strength, up to now, there is no robust animal model to evaluate
known and new interventions [40].

4. Screening for Secondary Osteoporosis

The goal of screening is to identify patients with a high risk for secondary osteoporosis
in order to initiate bone protection therapy in a timely fashion. This has led to screening for
early rather than late signs of vertebral fractures, as well as reductions in BMD following
appropriate size corrections. This aligns with a secondary prevention approach, which
seeks to mitigate the progression of low BMD and bone fragility following identification
in an earlier stage [39]. High-risk patients belong to one of the earlier-mentioned groups,
especially those with immobilization with or without additional risk factors and those
treated with daily or IV glucocorticoids for more than three months.

Recently, two observations have demonstrated the limitations of a “BMD-focused
approach” instead of implementing a “fracture- and function-focused approach.” First, the
use of a BMD z-score threshold of —2 or worse to identify a child as having osteoporosis
is problematic due to variability in the z-scores arising from the reference databases [41],
and secondly, asymptomatic VF can occur at lumbar spine BMD z-scores >—2, thereby
requiring spine imaging for vertebral fractures, especially in children using daily oral or IV
glucocorticoids for more than three months where the risk of vertebral fractures is even
higher [39]. Other functional outcomes that should also be considered in osteoporosis
screening include a history of long bone fractures, growth, pain (especially indicative for
vertebral fractures), degree of mobility, muscle strength, and the potential for spontaneous,
medication-unassisted recovery (the latter, which is influenced by pubertal stage and
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residual growth potential). Screening of BMD (by DXA or digital X-ray radiogrammetry) is
an adjuvant component of bone health monitoring, as it provides insight into the child’s
overall bone health trajectory; to this end, BMD is most useful when implemented as a
longitudinal monitoring tool, much like linear growth is tracked children as a barometer
of overall well-being. The exact timing and frequency of screening BMD depends on the
risk of secondary osteoporosis and, consequently, differs between patient groups and the
individual patient. In general, the following guidelines can be followed:

1.  Patients that will be treated with daily oral or IV glucocorticoids for more than
three months should be considered for a baseline spine radiograph or DXA-based
vertebral fracture assessment. This is recommended since the earliest reported ver-
tebral fracture in children treated with glucocorticoids is at 4 months after the start
of glucocorticoids [42]. These children should also undergo a follow-up radiograph
at 12 months if risk factors are persistent since this is the time point with the highest
incidence of vertebral fractures [42,43]. Annual to biennial imaging for VF is advised
afterward for patients still treated with glucocorticoids; VF imaging beyond this
critical high-risk period is then customized to the magnitude of risk factors thereafter.
For further information on the follow-up frequency, see Ward et al. [39];

2. The same principles apply to children with other risk factors for bone fragility. In
children with immobilization, especially in combination with drugs that can cause
secondary osteoporosis, screening should start at the latest by 6-8 years of age and
then at intervals of about two years thereafter until the end of growth or earlier in case
of suffering from back pain or fragility fractures [27,44]. Monitoring is recommended
to start by this time to plan to start with treatment. Treatment should be initiated
before there is not enough residual growth potential to reshape vertebral bodies
following VFs. Since BMD is useful as a longitudinal measurement to assist the
clinician in understanding the child’s overall bone health trajectory and in making
logical decisions about the need for ongoing monitoring versus discharge from bone
health care or intervention, it is recommended that a BMD measurement is carried
out at least as frequently as spine radiographs according to the guidelines above,
with assessments every 6 months in those children at greatest risk [6,45]. If the spine
BMD Z-score declines by more than 0.5 on successive measurements, or there is back
pain, earlier spine imaging is recommended every 1-2 years in those with persistent
risk factors (as demonstrated in recent guidelines put forward in a prototypical
osteoporotic condition of childhood, glucocorticoid-treated DMD) [11].

5. Prevention of Secondary Osteoporosis

Numerous interventions may prevent or reduce bone fragility fractures [46]. This
starts with recognizing the risk of bone fragility and osteoporosis, as discussed above.
Children with a condition or risk factors known to be associated with low bone strength or
secondary osteoporosis, such as wheelchair dependence, cytokine-release related disorders,
or who are on certain drugs, have an increased risk of fragility fractures [23]. General
osteoporosis prevention measures are effective treatment of the underlying condition
and associated morbidities, optimizing nutritional state and weight-bearing activities,
and the diagnosis and treatment of endocrinopathies, including delayed puberty, growth
hormone deficiency, and thyroid disorders. For children with chronic illnesses, adequate
treatment of the illness is a sine qua non for osteoporosis prevention and treatment [39].
However, sometimes the disease cannot be causally treated (i.e., severe neurodevelopmental
disorder), or the treatment induces bone loss and osteoporosis, such as glucocorticoids
or chemotherapy. For this reason, whenever possible, treatments should be as steroid-
sparing as possible. Nutritional state is an important factor. For example, a poor nutritional
state (underweight or feeding difficulties) is associated with a lower BMD in children
with cerebral palsy and chronic pancreatitis [26,47,48]. Other well-known risk factors
for reduced bone strength are vitamin D deficiency and a shortage of dietary intake of
calcium. Even in healthy children in Europe, the prevalence of vitamin deficiency is about
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one in every 4-5 children [49]. Children with chronic illnesses are at high risk due to a
combination of limited sun exposure and often feeding problems. The recommended daily
intake of vitamin D is 400-800 IU/day, depending on the 25-hydroxyvitamin D level. The
optimal serum 25-hydroxyvitamin D threshold, however, remains controversial. From a
practical perspective, a 25-hydroxyvitamin D level of 50 nmol/L [20 ng/mL) or more is
recommended at the end of winter [39,50]. Incidental studies report a positive result of this
intervention. Bianchi et al. [51] reported a significant increase in BMD in 65% of patients
with Duchenne muscular dystrophy after two years of vitamin D treatment and adjustment
of dietary calcium to the recommended daily dose. Calcium is an important nutrient
for adequate skeletal mineralization. The recommended dietary allowance of calcium
is 700 mg/day for children between 1-3 years, 1000 mg/day between 4-8 years, and
1300 mg/day for children between 9-18 years [52]. Optimal calcium intake can be achieved
by an adequate diet whenever possible [39]. The role of standard calcium supplementation
in healthy children has been investigated by a meta-analysis showing only a small effect
on BMD, unlikely to alter fracture risk [53]; the situation in chronically ill children may be
different since risk factors may “stack” towards an increased risk of bone fragility. For this
reason, optimizing conservation measures to enhance bone health, such as calcium and
vitamin D intake, are standard approaches in the chronic illness setting.

Physical activities, including weight-bearing activities, have an anabolic effect on the
growing skeleton. These physical activities increase bone mass in healthy children [54].
The evidence of the effect of physical or weight-bearing activities in children with chronic
illnesses is still insufficient [55]. It is advised to encourage activities with a low risk of
falling and bodily contact in ambulatory children with osteoporosis [39]. In non-ambulant
children, modest increases in BMD have been reported following weight-bearing regimes
and low amplitude, high-frequency vibration therapy [56,57]. Moreover, it was shown
that exercise might improve bone strength under conditions of adequate calcium intake,
showing the importance of implementing these general measures in tandem [39,58].

6. Potential for Recovery

When vulnerable children receive a diagnosis of secondary osteoporosis, there is not
always the need to treat with bone-targeted therapy because of the pediatric skeleton’s
ability to undergo recovery in both bone mass/density and shape. Case in point, the grow-
ing skeleton has the potency to reconstitute normal heights of vertebral bodies following
a vertebral collapse, a phenomenon known as “vertebral body reshaping” [34]. This has
been illustrated in children with acute lymphoblastic leukemia and children with inflamma-
tory bowel disease [8,23]. For example, many children with acute lymphoblastic leukemia
will undergo vertebral body reshaping following vertebral fractures because most are
diagnosed at a young age (and have significant residual growth potential), and the disease
(and its treatment) are usually transient. In a series of children with acute lymphoblastic
leukemia, the cumulative VF incidence over six years was 32.5% [8], and complete vertebral
body reshaping occurred in 77.3% of these children. Notably, the children in which the
reshaping was incomplete were older (and had less residual growth potential) and had
more severe degrees of vertebral collapse.

Pedjiatric patients with inflammatory bowel disease, in general, are older at diagnosis,
and the disease is chronic with exacerbations. Vertebral fractures have been reported at
diagnosis [59]. The direct effects of chronic inflammation, use of glucocorticoids, delayed
puberty, and poor nutrition are contributing factors causing secondary osteoporosis. Opti-
mizing disease control can help reshape vertebral fractures and specific bones and may be
the only therapeutic intervention needed for the effective reshaping of vertebral bodies [59].

At the opposite end of the spectrum are children with chronic diseases and persistent
risk factors for osteoporosis (i.e., due to presently incurable conditions), with the need for
continuous treatment with glucocorticoids, for example, boys with Duchenne muscular
dystrophy. In these children, there is no capacity for spontaneous vertebral body reshaping.
For this reason, contemporary care includes monitoring for signs of osteoporosis at the
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time of initiation of glucocorticoid treatment and starting osteoporosis treatment at the first
sign of a low-trauma long-bone fracture or VF [7,11,32,60]. In such children, strategies are
currently being considered for the prevention of first-ever fractures.

These three different clinical scenarios show the importance of assessing whether
the vulnerable child with a fragility fracture needs osteoporosis therapy. It is important
to recognize that younger age, transient risk factors, normal growth and puberty, and
less severe vertebral collapse are key factors for recovery without needing bone-targeted
intervention (i.e., bisphosphonates).

7. Therapy

Currently, the most widely used agents for treating secondary osteoporosis in children
are bisphosphonates [39]. Bisphosphonates are synthetic analogs of pyrophosphates. Clas-
sically, treatment with intravenous bisphosphonates should be considered in children with
a formal diagnosis of secondary osteoporosis that manifests as at least one low-trauma
vertebral or long bone fracture and limited potential for spontaneous (i.e., medication-
unassisted) recovery due to older age and/or persistence of osteoporosis risk factors [6,60].
In previous years, the ISCD criteria for otherwise healthy children were erroneously ap-
plied to some children with risk factors for osteoporosis, which meant that bisphosphonate
therapy was withheld from, for example, boys with DMD who had a single femur fracture
(instead of two or more long-bone fractures by 10 years of age or three or more long bone
fractures by 19 years of age plus a low BMD) [61,62]. However, it is now understood that
these criteria were intended for otherwise healthy children so as not to over-diagnose osteo-
porosis in this population, and even a single low-trauma long bone fracture can represent an
osteoporotic event in children with risk factors for osteoporosis [39]. Low-trauma long bone
fractures and symptomatic vertebral fractures (or asymptomatic VF in high-risk settings
such as CP, DMD, and glucocorticoid-treated disorders) are the most frequent indications
for treatment with intravenous bisphosphonates. The primary function of bisphosphonates
is to inactivate osteoclasts, resulting in cortical and trabecular bone thickening. This makes
bones wider, denser, and stronger. There has been much discussion in the literature on the
use of oral versus intravenous therapy with bisphosphonates. At this time, the scientific
data support the use of the (more potent) intravenous bisphosphonates over oral bisphos-
phonates. This article is not the place for a thorough discussion on this theme, but we refer
those wanting to know more to Ward et al. [39].

There are different regimens to prescribe the most-used intravenous bisphosphonate,
pamidronate. The most frequently used regimen is 1 mg/kg/day for three days every
four months (in total, 9 mg/kg/year). However, a regimen of 1 mg/kg every three months
(in total, 4 mg/kg/year) in children with primary osteoporosis has shown a comparable
effect on BMD and reduction of fragility fractures [63]. Other studies also showed a
comparable effect [64,65]. A different intravenous bisphosphonate, zoledronic acid, is also
used in children. Zoledronic acid can be given every six months and is preferred by some
because of its greater convenience with respect to the shorter duration of the infusion and
longer duration of action compared with pamidronate. Saraff et al. showed that zoledronic
acid has a comparable efficacy compared to pamidronate in children with osteogenesis
imperfecta [66]. Additionally, Nasomyont et al. found no difference in effect on BMD
Z scores between Pamidronate and zoledronic acid in patients with primary, secondary,
and glucocorticoid-induced osteoporosis [61]. Furthermore, the costs of zoledronic acid
are lower [66]. Conversely, Pamidronate probably has fewer adverse drug reactions,
predominantly hypocalcemia [61], nausea, and vomiting. It is important to note that the
first-infusion reactions of intravenous bisphosphonate therapy can precipitate adrenal
insufficiency in glucocorticoid-treated children. For this reason, steroid stress dosing is
recommended in children at risk for adrenal suppression in this context. In a recent study of
intravenous zoledronic acid versus intravenous placebo in glucocorticoid-treated children,
25% of children in the placebo group had at least one adverse event following the first
zoledronic acid infusion [67]. This observation provided evidence that not all health events
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following the first intravenous bisphosphonate infusions are bisphosphonate-related but
may be linked to underlying chronic illnesses.

In practice, there are still two other questions regarding the treatment with bisphos-
phonates in children with permanent risk factors: when should we start bisphosphonates,
and how long should patients be on bisphosphonates therapy?

When should we start bisphosphonates? As said before, treatment with intravenous
bisphosphonates should be considered in children fulfilling the ISCD criteria. However,
in children with significant risk factors for bone fragility due to chronic illness, even
a single low-trauma long bone or vertebral fracture (in the absence of a “low BMD”)
may be sufficient to diagnose the child with osteoporosis, as discussed in a recent paper
by Ward et al. [7]. recently Nasomyont et al. published a study of the treatment with
bisphosphonates in 48 with primary osteoporosis, 46 with secondary osteoporosis without
glucocorticoids and 29 children with glucocorticoid-induced osteoporosis [56]. They treated
19% of the patients with intravenous bisphosphonates without these patients fulfilling the
ISCD criteria for osteoporosis. One of these indications was low, declining BMD without a
history of fractures; another was low BMD in association with kidney stones in children
with ongoing risk factors. In addition, Draaisma et al. treated children on a ketogenic diet
with ongoing risk factors with bisphosphonates out of the ISCD criteria [68].

How long should patients be on bisphosphonate therapy? Some observations in
children with both primary and secondary osteoporosis have provided answers to these
questions [69]. After discontinuing bisphosphonate therapy in children with open growth
plates and persistent risk factors for osteoporosis, the newly formed bone has a low density.
This may cause a point of increased bone fragility because of the “density differential”
between the high-density bone (formed under treatment with bisphosphonates) and the
low-density bone [70], leading to fractures in the transition zone between treated and
untreated bone [71,72]. So, if bisphosphonate therapy should be continued, for how long?
A possible answer followed from a study in children with osteogenesis imperfecta [71]. In
children with still open growth plates and discontinuing bisphosphonate therapy, the BMD
z-scores declined. However, discontinuing therapy in children with closed growth plates
had no effect on the BMD z-scores two years later. This has led to the recommendation
of continuation of bisphosphonate therapy until the closure of the growth plates in those
with persistent risk factors (such as congenital /genetic disorders and long-term acquired
risk factors, such as chronic glucocorticoid therapy). Starting with a higher dose until the
patient is clinically stable and tapering the dose or frequency is often implemented in order
to avoid over-treatment in the context of long-term therapy considered [39,73].

In summary, treatment with intravenous bisphosphonates should be considered in
children fulfilling the ISCD criteria (intended for otherwise healthy children with clinically
significant fractures and low, appropriately size-adjusted BMD parameters). However, it
should also be considered in high-risk patients outside of this conservative approach who
have even a single-low-trauma long bone or vertebral fracture, a known increased risk for
bone fragility, and limited potential for spontaneous recovery [39,68]. It is important to
keep in mind that not all children with secondary osteoporosis require bisphosphonate
therapy following a fragility fracture; those with transient risk factors for vertebral or
long bone fractures and potential for spontaneous recovery due to younger age or less
severe vertebral collapse typically do not need osteoporosis intervention, unless they have
significant bone pain interfering with the quality of life.

A proposition for screening, prevention, and therapy of secondary osteoporosis is
given in Figure 1.
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Children with chronicillness, with long-term bone health threats

v

Preventive measures: Weight bearing activities, Optimize nutritional
state, Optimize calcium intake, Vitamin D supplementation

v

Lateral spine imaging (lateral spine radiograph or VFA? by DXA) and

BMD, at baseline and every 1-3 years thereafter.

Consider lateral spine imaging and BMD sooner if: back pain OR >0.5

decline in BMD Z score on two consecutive measurements

v

Early signs of vertebral fracture OR low-trauma long bone fracture

JO v

No osteoporosis,
continue to monitor

Child with Ehronic iliness

meets the criteria for
osteoporosis

=

Assess the child’s potential to undergo bisphosphonate-unassisted
restitution of BMD and reshaping of vertabral fracture(s)

More potential

Less potential

Transient risk factors **
Younger age
Lower fracture grade

Persistent risk factors *
Older age ***
Higher fracture grade

v

v

start bisphosphonate

continue to monitor
therapy for 12 months

Reassess (vertabral) fractures, lateral spine
imaging, BMD, underlying illness

If risk factors are persistent, ongoing vertebral or
low-trauma long bone fractures are present or
persistent low BMD, consider continuating
bisphosphonate therapy

After 12
months
Reassess (vertebral) fractures, lateral spine
imaging, BMD, underlying iliness. Consider moving
to “maintenance phase therapy”, such as lower
dose or less frequent therapy (i.e. half-dose
pamidronate or zoledronic acid, or pamidronate
zoledronic acid half as often)

Yearly: Consider ceasing therapy when, during
follow-up, vertebral bodies undergo reshaping,
BMD reclaims a normal trajectory for age and
gender, and risk factors abate

Figure 1. Recommendation for investigation and treatment of secondary osteoporosis in children.
Partly based on the previous recommendation of papers of Ward [32,60], Fehlings et al. [50], and
Simm et al. [73].2 VFA = Vertebral Fracture Assessment * Persistent risk factors are >3 months steroids,
sub-normal mobility, poorly controlled underlying disease ** Transient risk factors are <3months
steroids, short-term immobilization (<2 weeks), well-controlled underlying disease *** Older age is
defined as >8 years in girls and >9 years in boys.
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8. Specific Groups

While the principles with respect to at-risk children mapped out previously in this
article apply to all high-risk groups, the following describes additional disease-specific
nuances in the management of patients who fall into three groups: those with profound
intellectual and multiple disabilities, those with neuromuscular conditions otherwise, and
children receiving a therapeutic ketogenic diet for the treatment of intractable seizures.

Profound intellectual and multiple disabilities

Children with profound intellectual and multiple disabilities (PIMD) form an ex-
tremely heterogeneous group regarding cause, level of functioning, and co-morbidities [74].
A GMFCS of four or five in combination with a severe intellectual disability (IQ < 30 or de-
velopmental age < 2 years), regardless of the underlying disease, is often used as a criterion
for PIMD. Low BMD and secondary osteoporosis are highly prevalent co-morbidities in
PIMD. As low BMD often goes unnoticed, a (low-impact) fracture is a common presenting
sign of low BMD or osteoporosis. Since children with PIMD are frequently limited in
their communication skills, there can be a significant delay in noticing these complications.
Presedo et al. reported a delay in diagnosis of a fracture in half of the patients with cerebral
palsy with an average delay of 10 days [75], stressing the need for a high index of suspicion
in this population.

Incidence rates for fractures in children with PIMD are scarce. However, ample
literature regarding fractures and low BMD in children and adults with cerebral palsy is
available. As the level of (motor) functioning in severe cerebral palsy (GMFCS 4 or higher)
and co-morbidities (e.g., epilepsy) in cerebral palsy in PIMD are fairly similar, these groups
can be considered interchangeably regarding osteoporosis and low BMD. The incidence
rates for fractures in children with severe cerebral palsy have been reported to be around
4% [76]. However, these numbers vary greatly. A systematic review by Mergler, including
21 studies in children with severe cerebral palsy, reported incidence rates of fractures
varying from 2.7-23% [27]. The prevalence of low BMD was higher, with reported rates of
27-77%. Several studies have evaluated low BMD and secondary osteoporosis risk factors
in children with cerebral palsy/PIMD. Although the reported significance of the risk factors
varies, non-ambulatory status, feeding difficulties, and anticonvulsant use are repeatedly
outlined as the foremost. Several studies have also shown tube feeding as an independent
risk factor for low BMD [76,77], although it is unclear if this is a consequence of more
excessive feeding difficulties. Other risk factors that have been reported are dietary deficits
(calcium, vitamin D) and the use of other drugs, such as proton pump inhibitors [78],
solely progestin-containing contraceptives [79], and delayed puberty. Of course, sustaining
previous fractures has also been shown to be an important risk factor [80], as is low BMD.

Conversely, laboratory studies (e.g., calcium, phosphorus, alkaline phosphatase) have
not been shown to correlate with low BMD. As calcium and phosphatase levels in the
blood are maintained at a constant level at the expense of bone composition, this is not
unimaginable, but unremarkable blood tests can give the clinician a false sense of security.

Diagnosing and following up on low BMD in children with PIMD deserves special
attention. Measurement by DXA, including DXA-based vertebral fracture assessment
(or baseline spine radiograph), is considered the gold standard, but its availability in
hospitals is limited. Furthermore, movement during measurement, scoliosis, or contractures
can negatively influence the measurements. Alternatives, such as the aforementioned
digital X-ray radiogrammetry, have been proven to correlate well with DXA [81] in healthy
children. This technique has also been investigated in children with PIMD and seems
feasible, with the exception of children with (severe) anatomical deformities [20]. Screening
for low BMD can be performed as stated before (in the section on screening).

In PIMD, it is almost without exception impossible to adequately treat the underlying
disease. Following this, it is paramount to optimally treat all of the independent factors
associated with low BMD. Regarding vitamin D and calcium, the recommendations men-
tioned in the Section 5 are valid. To adequately treat feeding difficulties, we recommend
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the early involvement of a multidisciplinary team, including a pediatric dietician and
speech therapist.

All anticonvulsants have been, either clinically or preclinically, associated with distur-
bances in bone metabolism. However, enzyme-inducing anticonvulsants such as phenytoin
and carbamazepine have been shown to carry a higher risk, possibly due to inducing
vitamin D metabolism [82]. Multiple and prolonged anticonvulsant use (>2 years) is also
associated with a higher fracture risk [83]. As in antibiotics, restraint anticonvulsant use
should be considered to limit the risk of fragility fractures/low BMD. As gastro-esophageal
reflux tends to diminish over time, decreasing or discontinuing proton pump inhibitors
could also contribute. Lastly, systemic progestin-only contraceptives should be replaced
with alternatives also containing estrogen.

Considering immobilization, loading exercises conducted by a physical therapist
experienced in children with PIMD are important. Prevention of contractures should also
deserve attention to maintain mobility and facilitate imaging options.

Aids, such as a standing frame implemented by a pediatric rehabilitation specialist,
have also been shown to slightly improve BMD [84]. The Section 7 mentions osteoporosis
treatment with bisphosphonate therapy.

Neuromuscular disorders

Children with neuromuscular disorders, including congenital myopathies and (con-
genital) muscular dystrophies, are at particular risk for reduced bone quality and, conse-
quently, fragility fractures due to a combination of factors. Impaired mobility and altered
musculoskeletal interaction reduce cortical thickness and prevent the preservation of the
bone structure. Additionally, more myokines are expressed in atrophied muscles, leading to
osteoclast differentiation and bone loss induction [85]. Further, children with a neuromus-
cular disease frequently experience nutritional issues due to swallowing problems and have
decreased sun exposure, leading to a deficiency of calcium and vitamin D [86-89]. Children
with Duchenne muscular dystrophy are particularly at risk for decreased bone strength
when treated with glucocorticoids [90], as mentioned before. Next, the number of falls
increases, and the falling mechanism is altered in patients with neuromuscular diseases.
Ambulant patients commonly report problems with walking, poor balance, frequent trips,
and falls [91,92]. Patients with neuromuscular diseases tend to have a different falling
mechanism: they fall on their proximal bones because they are not fast enough to reach
out their hands in order to break their fall [93]. This results in more frequent long-bone
fractures of the long bone that are more proximally located (i.e., humerus, femur).

It is essential to prevent long bone fractures in children with neuromuscular diseases as
far as possible in order to optimize functional prognosis, quality of life, and survival [94-96].
There are clues that limb immobilization in patients with neuromuscular disease may cause
more loss of muscle mass than in healthy subjects [97]. Fractures of the lower extremities
might further lead to permanent loss of ambulance [96,98]. Low bone strength can impair
neuromuscular management and rehabilitation, including surgical treatments for scoliosis
or foot deformities [99,100]. Pain caused by long bone fractures negatively influences
rehabilitative care and, consequently, survival [94,101].

Routine assessment of bone quality in children with neuromuscular diseases is rec-
ommended. We propose a DXA-scan (including DXA-based vertebral fracture assessment
where available) in all patients at diagnosis of the neuromuscular disease and subsequently
at every one to two years, depending on the overall BMD trajectory (and more often in the
patient is on glucocorticoid therapy as in boys with DMD). A digital X-ray radiogrammetry
of the hand to measure the BHI is a feasible alternative when it is not possible to perform a
DXA scan (movement during measurement, metallic implants, contractures, scoliosis) or
age < 3 years (no normative values for DXA available for this age group). In order to detect
vertebral compression fractures, a lateral thoracolumbar spine x-ray should be performed
when DXA-based vertebral assessment is not possible.
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Children using Ketogenic Diet

Treatment with a ketogenic diet (KDT) is a nonpharmacologic intervention for in-
tractable childhood epilepsy. The diet consists of a high fat (mostly 80% fat), adequate
protein, and a low-carbohydrate percentage that mimics a state of fasting. In intractable
childhood epilepsy, treatment with a ketogenic diet can lead to a beneficial effect on seizure
control, regardless of age or seizure type [102]. The ketogenic diet is associated with skeletal
demineralization with a reduction of BMD between 0.16-0.6 z-score/year [68,103,104]. This
results in an increased incidence of bone fractures in up to 21% of the children during a
follow-up period of 6 years or more [105].

The ketogenic diet results in a high “acid load” via the ketone bodies, alterations in
vitamin D levels, and lowering growth factors [105]. This also causes failure to accrue bone
at a normal rate and increased bone loss due to increased bone absorption [106].

Prophylactic supplementation with calcium and vitamin D was considered mandatory
for all children on a ketogenic diet, but this may be insufficient in preventing ongoing
declines in BMD Z-scores [68,103].

Moreover, during long-term follow-up of KDT, an increased incidence of kidney
stones has also been found, mostly due to hypercalciuria. Even frank hypercalcemia
has been described along this spectrum [106]. Therefore, prophylactic supplementation
of calcium and vitamin D is challenging. Screening with DXA scans to evaluate for a
diminished BMD is recommended in children on KDT for over 2 years by 12 of the 25 [48%)
centers participating in the International Ketogenic Diet Study Group [102]. The main
recommendation of the recent report of this study group was that screening with DXA
scans should be standard. Interventions should be considered in case of abnormal results.
DXA scans should be repeated a year afterward [102].

These findings support the need to monitor bone strength in individuals on KDT, by
following parameters, such as calcium intake, vitamin D deficiency, and activity levels.
Developing kidney stones remains a major complication of KDT and has to be taken into
account when assessing a patient on the diet [68].

9. Conclusions

Chronically ill and/or disabled children suffer from direct and indirect effects of their
disease, such as immobilization, osteotoxic drug use, chronic inflammation, reduced time
outdoors, and poor nutrition. All these factors may lead to bone fragility (low-trauma
fractures) due to secondary osteoporosis. Early screening and prevention of declines in
bone mass and BMD, plus timely identification of vertebral and long bone fractures, are
the cornerstone of osteoporosis management in this context. When conservative preventive
measures fail, treatment with intravenous bisphosphonates should be considered in at-risk
children with the diagnosis of secondary osteoporosis (Figure 1), where even a single long
bone or vertebral fracture provides a sufficient rationale to initiate treatment in children
when there are significant risk factors for bone fragility plus limited potential for spon-
taneous recovery. Looking ahead, prevention of first-ever fractures is on the minds of
clinicians caring for the highest-risk patients, such as boys with Duchenne muscular dys-
trophy, either through relatively steroid-sparing therapy [107] or via pre-fracture initiation
of bisphosphonate therapy. Studies have facilitated the sightline to the prevention of first
fractures in high-risk children, which have highlighted the children who are most likely to
recover from osteoporosis, obviating the need for osteoporosis therapy versus those with
the least potential for recovery, underscoring the need for anticipatory prevention.
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Abstract: Italy is a natural corridor for entry into Europe, receiving thousands of refugees and
migrants needing socio-economic and health assistance yearly. Impaired vision due to eye disease is
estimated to affect at least 2.2 billion people worldwide, especially in this underprivileged population.
To overcome this deep disparity, new intervention strategies, such as the PROTECT project, were
planned with the aim of assessing, in the context of the head-neck area, the eye health in vulnerable
applicants and holders of international protection. A total of 3023 migrants were involved in the
project. Demographic factors and eye history were collected using a questionnaire. Using portable
diagnostic instruments, an eye screening including monocular visual acuity, intraocular pressure,
anterior segment, and ocular fundus was performed. The mean age was 31.6 & 13.1 years and more
than 50% underwent the first eye evaluation. Vision impairment was claimed by 16.6% of subjects
and the most frequent diseases diagnosed were: refractive errors (11%), strabismus (6%), red eye (6%),
cataract (5.3%), and ocular hypertension (1%). Retinal alterations were observed in 5% of migrants.
The PROTECT project allows us to increase the accessibility of head—neck disease prevention care.
Moreover, our results confirm the utility of an eye screening assessment for early identification of the
most relevant and preventable ocular diseases, especially in disadvantaged populations.

Keywords: impaired ocular vision; ocular diseases; screening; migrants; vulnerability;
cooperation; hospitality

1. Introduction

Eye health and vision have profound and widespread implications for many aspects of
life, health, sustainable development, and the economy. Currently, many people, families, and
populations continue to suffer the consequences of vision impairment and blindness [1,2].

Eye conditions causing low vision and blindness are remarkably common. It is
estimated that almost all individuals will experience impaired vision or an eye condition
during the life course and require eye care services. According to the latest World Health
Organization (WHO) Report on Vision, at least 2.2 billion people worldwide have impaired
vision due to either eye diseases (age-related macular disease, cataract, diabetic retinopathy,
glaucoma) or uncorrected refractive errors. In at least 1.1 billion of these cases, vision
impairment could have been prevented or has yet to be addressed with associated highly
cost-effective interventions [1]. By 2050, this figure is expected to rise to 1.8 billion [1,3].
Accordingly, the leading causes of vision impairment are uncorrected refractive errors and
cataracts [3,4]. Since these conditions can be effectively corrected or treated, early detection
may improve clinical outcomes and reduce disease burden on patients and society. In
addition, recent data showed an increasing prevalence of pediatric uncorrected refractive
error worldwide which may cause amblyopia. It is the most common cause of impaired
monocular visual acuity in children, and is treatable if diagnosed early with great functional
success [5].
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The burden tends to be greater in low- and middle-income settings among older
people, in women, and in rural and disadvantaged communities due to fewer opportunities
to access the most essential eye care services [6,7]. Due to its central position in the Mediter-
ranean Sea, Italy represents an interesting country to explore this issue as it constantly
receives migrants coming from different countries [8].

At the end of 2021, the total number of accommodated asylum seekers and beneficiaries
of international protection in Italian centers such as CAS (Emergency Accommodation
Centre) and SAI (System of Accommodation and Integration) was 78,001. The region of
Lazio accommodated the fourth largest number of migrants in Italy after Lombardy, Emilia
Romagna and Piedmont (12.6%, 10% and 9%, respectively), with a total of 6813 (8.6%) [9].
Expectably, in the regions with the highest amount of asylum seekers, socio-economic
integration and health care was a tough challenge [10,11].

In Italy, according to Italian legislation, within the framework of the National Plan for
the Integration of Internationally Protected Persons, the planning of integration policies,
including health care, is a regional prerogative [12]. Local authorities and not-for-profit
organizations may request funding from national or EU funds for projects designed to im-
prove the integration of the migrant population including health screening. In this regard,
the “Migration and Integration Asylum Fund 2014-2020" (AMIF) is a financial instrument
established by EU Regulation No. 516/2014 with the objective of promoting an integrated
management of migration flows supporting all aspects of the phenomenon: asylum, inte-
gration and return [13]. Through the AMIF fund, the Italian Ministry of Internal Affairs
financed the PROTECT project. PROTECT (“Patologie del distRettO TEsta-Collo nei mi-
nori migranTi. Dalla formazione degli operatori alla diagnosi precoce e presa in carico del
paziente: Network Odontoiatrico, Oftalmologico, Otorinolaringoiatrico e Maxillo-Facciale”)
is a multidisciplinary project of secondary prevention of ophthalmic, oral and dental dis-
ease in migrant and vulnerable populations. It was carried out by the Hospital-University
Polyclinic Umberto I (Department Integrated Head-neck), in collaboration with the De-
partments of Sense Organs and the Department of Odontostomatological and Maxillofacial
Sciences of the Sapienza—University of Rome, Lazio [14]. PROTECT project results from
oral screening have been already made available and dental pathologies turned out to be
widespread and often neglected in asylum seekers, with a high relative abundance of mal-
occlusions and carious lesions. Furthermore, results from this screening have confirmed the
crucial role of prevention in a low-income setting to reduce hospitalizations and worsening
problems [15].

Regarding eye screening, the role of prevention of ocular pathologies in the general
population had been extensively discussed, with a relevant reduction of complications
especially in diabetic patients [16,17]. Many studies have previously investigated visual
health and visual healthcare access in refugees or displaced persons, with a prevalence of
blindness ranging from 1.6 to 26.2% and a high prevalence of ocular infectious diseases
such as trachoma [18]. However, scarce real-world data regarding ocular health in the
setting of asylum seekers or beneficiaries of international protection are currently available.

The aim of this paper is to describe the results of the ophthalmological screening from
the PROTECT project and to discuss the social and medical need of early diagnosis and
vision impairment management, especially in vulnerable populations.

2. Materials and Methods

This is a national cross-sectional study (“PROTECT” project) conducted among the
refugee and migrant population present in the Lazio region, Italy, from February 2018 to
September 2021. The vision health of 3023 participants was assessed in a network of
53 cultural associations and reception centers. This study adheres to the tenets of the Dec-
laration of Helsinki for research involving human subjects, and the “PROTECT” project
was approved by the Ethics Committee of the Department of Odontostomatological and
Maxillofacial Sciences of the Sapienza—University of Rome (Protocol identifying number:
0000839 on 2 October 2018). The ocular screening was performed by trained ophthalmol-
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ogists and optometrists of the Department of Sense Organs of the Sapienza University
—Rome at the clinics of the Policlinico Umberto I University Hospital or at the reception
centers using mobile units.

2.1. Data Collection

A screening folder was prepared by the project staff to identify subjects with eye
diseases requiring additional specialized care. Red or yellow codes were used to label the
severity of the disease. The screening data were collected via a health survey in order to
achieve details on basic demographics, time since the last eye examination, and state of
eye health. Using a binocular portable refractometer device (EsaVision Adaptica 2 WIN),
all participants underwent ophthalmological examination for assessment of the following
clinical data: objective refraction, ocular motility, and presence of the major amblyogenic
factors such as anisometropia, anisocoria, and media opacities. Visual acuity was measured
using the subjective refraction method with a Snellen chart, and patients with visual
acuity of less than 20/40 were referred for further visual examination in a specialist clinic.
Intraocular pressure was evaluated with a rebound tonometer (iCare TAO1i tonometer) [19].
Moreover, the presence/absence of ocular surface inflammation (red eye) and macular area
disease were recorded in the medical sheet using Smartscope PRO (Optomed, Finland)
handheld, a lightweight and affordable fundus camera [20].

2.2. Questionnaire

The questionnaire was applied individually through an interview with the help of
a linguistic mediator. It included items related to sociodemographic variables and ocular
health as shown in Table 1.

Table 1. Questionnaire applied at the time of enrollment to assess ocular health.

1. Sociodemographic Variable Answers (Yes/NO/NA)

Full name

Gender

Age (years)

Country of origin

Pre-disposing conditions/family history

2. Ocular Health-Related Behaviors

Do you have ever had an eye evaluation?

Do you have previous eye injuries?

Do you use eyeglasses?

Do you have visual impairment?

Do you have ocular pain right now?

2.3. Clinical Examinations

All subjects underwent the following evaluations: (i) autorefractor exam; (ii) eye
motility and stereopsis; (iii) distance and near visual acuity using the Snellen Tumbling
E Charts at distance and near; (iv) intraocular pressure with no contact tonometry; and
(v) segment anterior and macular photograph.

In order to detect the possible cause of preventable vision impairment, the variables
analyzed were: type of refractive error, number (%) of the subject with visual acuity
<20/40 at distance, and cataract. In addition, we assessed the presence of ocular signs of
disease requiring urgent care (red card), such as infective or neoplastic disease, or minor
urgence (yellow card), such as glaucoma suspicion (intraocular pressure > 20 mmHg)
or retinal abnormalities. Patients who needed further ophthalmologic evaluation after
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the screening received assistance by joining the healthcare network of the Policlinico
Umberto I Hospital.

2.4. Data Analysis

Data were analyzed using standard statistical analysis software (version 20.0, Statistical
Package for the Social Sciences, IBM Corporation, Armonk, NY, USA). A database was
developed using Excel (Microsoft, Redmond, WA, USA). Descriptive statistics including
mean =+ SD values and percentage were calculated for each variable.

3. Results

A total of 3023 patients were involved in the project PROTECT. The mean age was
31.6 & 13.1 years, and among all the subjects 2058 were male (68.1%) and 965 were women
(31.9%). The geographical origin of the subjects is illustrated in Figure 1.

Figure 1. World map representing the geographical origin of the screened subjects. Of note, 10.3% of
the screened migrants were Nigerians, 7.6% Bangladeshi and 5.6% Pakistani.

The questionnaire replies showed that 50.4% of subjects had never had an eye exami-
nation, with an additional number who were unable to provide a definitive response (8.9%).
Most participants (86.2%) were unaware of their family’s medical history. In addition, most
of the patients claimed vision impairment (16.6%), ocular pain (6.6%), and previous history
of ocular injury (5.2%). Finally, the use of eyeglasses was reported by 12.0% of the sample.
A summary chart is reported in Figure 2.

The most frequent eye alteration in our population was a refractive error; in fact, this
was found in 11% of all participants, and it was distributed between myopia (9.8%) and
hyperopia (1.2%) among all subjects.

Visual acuity evaluation showed that 9.6% of subjects had uncorrected vision acuity
(UCVA) less than 20/40 associated with ocular motility alterations and stereopsis loss.

The overall prevalence of other eye diseases including strabismus (6%), red eye (6%),
cataract (5.3%), and IOP values above 20 mmHg (1%) is represented in Figure 3.
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Characteristics of the population (n=3023)

m 31.61+13.1 years

Sex (female) First ophthalmological evaluation Vision impairment

50%

Ocular Pain History of ocular injury Use of eyeglasses

7%

Figure 2. Main characteristics of the screened population. Of note, more than 50% of migrants
underwent the first ophthalmological evaluation.

Ophthalmological screening (n=3023)

Refractive errors 2 1D UCVA <20/40 Strabismus

10% 6%

Red eye Cataract I0P =2 20mmHg
6% 5% 1%

Figure 3. Principal findings of the ophthalmological screening within the PROTECT project. Of note,

refractive error represented the main cause of vision impairment.

The frequency of ocular fundus changes was 5%, with several possible causes shown
in Figure 4. In particular, ten subjects had isolated cotton wool spots and four participants
showed some microaneurysms without a documented history of diabetes that required
further examination in a specialist hospital. Indeed, 60% of patients with optic nerve
abnormalities had bilateral symmetric changes in terms of cup disc ratio.
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Ocular fundus changes

1% of macular distrophy

4% optic disk anomalies

2% of diabetic retinopathy

1% of hypertensive retinopathy

Figure 4. Principal retinal findings of the screened migrants within the PROTECT project. Of note, in
certain cases, multiple findings coexisted in the same patient.

In addition, during ophthalmological screening 18 of 51 subjects with red eyes showed
signs of acute conjunctivitis and were sent for urgent care to a specialist eye clinic.

More than 30% of the total population screened were referred to the Policlinico
Umberto I University Hospital Medical Center to carry out further investigations such
as: correction of refraction error with eyeglasses, strabismus treatment, management of
ocular surface inflammation, cataract surgery evaluation and investigations to identify
glaucoma early.

4. Discussion

Screening for vision impairment is a highly effective way to prevent long-term disabil-
ity, as recently reiterated by the WHO [2]. A few studies have addressed eye health among
migrant populations, especially in Italy, and the PROTECT project is the first Italian project
tailored to the head and neck health of a wide sample of fragile populations that live in
reception centers and have several different demographic origins [14].

Indeed, very few screening tools have been validated for diagnosis accuracy among
migrants overall, and several heterogeneous data have been reported on the ocular health
of migrants in the word, highlighting the lack of proper medical care for this fragile pop-
ulation. In fact, while a reduction in visual impairment in high-income countries has
been described, migrants and vulnerable populations that live in these European countries
experience obstacles to health care access. As shown in our study, about 50% of mi-
grants carried out their first ophthalmological visit during this screening project and about
9% of subjects could not report if they had a previous eye exam. These data, in line with
the previous evidence, suggest a potential increased risk of amblyopia [21]. This defect of
vision becomes irreversible in adulthood, affecting the quality of life, and interfering with
the ability to socialize and work. Recent studies showed that screening for amblyopia is
cost-effective, but highly related to long-term impacts of unilateral loss that are common in
migrant populations.

In fact, analyzing the answers to the questionnaire, the presence of vision impair-
ment or ocular pain (the main reasons for a request for an eye examination in the Italian
population) was reported by 17% and 7% of subjects, respectively.

The PROTECT project result showed that an easy and fast eye screening with portable
technologies is able to highlight the main causes of visual problems and to plan specific
management of the patient with different levels of urgency [22]. In addition, the strategy of
our screening, based on a non-invasive assessment and in many cases carried out directly at
the center of reception, has allowed the obtaining of good compliance by these vulnerable
subjects often reticent to visits and treatment [23].
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According to evidence, the eye screening results indicate that uncorrected refractive
error was the more frequent finding associated with visual impairment, and patients were
referred within 30 days (yellow card) at the optometrist clinic to evaluate the prescription
of eyeglasses and associated ocular motility alterations. A special agreement with a large
private company for the provision of spectacles for refugees is fundamentally advisable to
complete the management of vision impairment of this disadvantaged population.

Despite the sample’s young average age, cataracts were the second most frequent
cause of vision loss, likely related to traumatic or dysmetabolic diseases, and a second
appointment in the specialist eye hospital was booked to follow up and manage the
patients [24]. Interestingly, by using simple and rapid eye screening programs in the
reception centers, the diagnosis of acute pathologies such as ocular hypertension and
conjunctivitis, was performed, and urgent treatment or further investigations in specialist
vision care were started (red card).

The few ocular fundus changes requiring further investigation were managed by
the retinal specialist (yellow card) to diagnose dysmetabolic pathologies early, such as
diabetes or hypertension, or to follow up on choroidal nevus. Optic disc abnormalities
suggesting potential glaucoma disease showed a prevalence of 4%, although it is important
to remember that the diagnosis of this pathology needs an evaluation of the optic disc by
ophthalmoscopy exam with pharmacological mydriasis and instrumental examinations,
such as the visual field carried and optical coherence tomography (OCT) [25]. Although
the role of the digital fundus camera in glaucoma diagnosis during screening programs
remains controversial due to the quality of photographs or algorithm performance, in our
opinion, for the purpose of the PROTECT project, this diagnostic procedure proved to be
a crude but useful evaluation to highlight the possible subjects at risk and to guide clinicians,
as has been suggested recently [26-29].

In contrast to other studies, no age-related macular diseases were observed, and we
suppose that these data are related to the average young age of the sample [30]. Our
screening could not assess the presence of any retinal peripheral lesions at risk of retinal
detachment. The weaknesses of this study are related to average age and heterogeneity of
the sample. The young age is a great bias that influences the results of our study; in fact, we
diagnosed a very low number of AMD and cataracts, which are usually related to age. In
addition, scarce and limited evidence on ocular disorder prevalence in young immigrants
with different geographical provenience has been published, as noted in a paper by Global
Burden of Disease Study Blindness and Vision Impairment Collaborators [31], making it
more difficult to assess the value of our results in immigration-related conditions.

An important enrichment in terms of care for these disadvantaged populations could
also come from the use of teleophthalmology. In fact, also during this project, the restrictions
linked to the COVID-19 pandemic led to the development of remote consultation systems
to maintain a mode of assistance with the reception centers in the most critical periods [32].

5. Conclusions

The multidisciplinary approach to screening head and neck diseases has allowed the
development of a network of care essential to meet the different medical needs of a fragile
and neglected population with the aim to improve quality of life and socio/economic
integration. A permanent head-neck care service for all fragile populations reaching
our country is desirable and represents an innovative prevention service for the national
health system.

In the future, the validation of clinical smartphone applications in ophthalmology
will help to further improve the operation and cost of teleophthalmology in the field of
prevention, so as to carry out not only remote screening programs but also monitor the
course of diseases diagnosed with periodic follow-up. Indeed, it would be desirable to
have a permanent channel of the first consultation with institutions hosting fragile people
in order to create a rapid, effective and affordable system for the national health system.
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Abstract: Uveitic glaucoma (UG) is a potentially blinding complication of intraocular inflammation
and is one of the most common causes of secondary glaucoma in pediatric ophthalmology. Overall
management of UG is often challenging and requires a multidisciplinary assessment and careful
follow-up. The overlap with steroid-induced glaucoma (SIG) is quite common, as well as the failure
of medical and surgical therapy; nevertheless, few recent papers have dealt with this topic. We review
the features and the clinical approach to UG in childhood, discussing the treatments available in the
pediatric population.

Keywords: uveitis and intraocular pressure; pediatric uveitis; uveitic glaucoma; pediatric uveitic
glaucoma; steroid and glaucoma; pediatric glaucoma drugs; glaucoma surgery

1. Introduction

Childhood glaucoma is a heterogeneous group of disorders often associated with
severe visual loss affecting individuals under the age of 16 years old (UK, Europe, UNICEF)
or under 18 years old (USA). It affects more than 300,000 children worldwide and accounts
for 5% of the causes of blindness in the pediatric population [1,2].

The Childhood Glaucoma Research Network (CGRN) proposed a novel classification
system to unify nomenclature in childhood glaucoma [3]. According to this classification,
the diagnosis of childhood glaucoma requires the presence of two or more of the following
criteria:

Intraocular pressure (IOP): >21 mmHg;

Visual field defects consistent with glaucomatous optic neuropathy;

Progressive myopia or myopic shift with increased axial length (AL);

Presence of Haab striae or increased corneal diameter;

Progressive increase in cup-disc ratio (C/D), cup-disc asymmetry of 0.2 or more
between both eyes and/or focal rim thinning.

The CGRN classification system identifies primary or secondary forms of childhood
glaucoma. Primary glaucoma can be further subdivided into Primary Congenital Glaucoma
(PCG) and Juvenile Open-Angle Glaucoma (JOAG).

Secondary glaucoma includes four categories: glaucoma following cataract surgery,
glaucoma associated with non-acquired systemic disease or syndrome, glaucoma associated
with non-acquired ocular anomalies and glaucoma related to acquired conditions such as
ocular trauma or uveitis.

Glaucoma secondary to uveitis (UG) is one of the most common causes of secondary
glaucoma in the pediatric population. Despite this, few recent papers have dealt with
this topic.
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In childhood, anterior uveitis is the prevalent cause of secondary glaucoma [4,5].
Moreover, children with uveitis have a higher risk of developing complications, including
glaucoma, compared to adults with uveitis [6].

Whilst pediatric uveitis represents 5-10% of all uveitis cases, visual loss is more
prevalent and severe, resulting in no light perception in one-third of patients, according to
Kanski et al. [7]. Visual outcomes depend on the anatomical location and duration of the
uveitis, age of presentation, management of intraocular inflammation and the prescribed
corticosteroid therapy [8].

The British Infantile and Childhood Glaucoma (BIG) eye study shows that 5.3-19% of
all childhood glaucoma cases in the United Kingdom are caused by uveitis [9].

Paroli et al., reported in a previous work a 25% prevalence of uveitic glaucoma in
children affected by uveitis [10]. In a retrospective analysis of 182 pediatric uveitis patients,
secondary glaucoma was reported in 48 patients (26.23%) with female predominance (F:M,
29:19) [4].

Complications involving the eye structures in children uveitis differ from the ones in
adult patients uveitis in terms of etiology, prognosis and prevalence [6]. Ocular complica-
tions occur in around 76% of children with uveitis. Pediatric uveitis is often misdiagnosed,
and this increases the onset of well-known complications, such as cataracts, band ker-
atopathy, glaucoma, and cystoid macular edema but also of specific complications for
the pediatric population, such as amblyopia [8]. De Boer et al., reported glaucoma as the
second most common complication (19%) after cataracts and one of the most common
causes of severe visual impairment in children with uveitis [11]. The therapeutic approach
of UG is still challenging due to poor randomized controlled trials (RCTs) in this pediatric
population and the lack of universally agreed guidelines.

The aim of this paper is to describe the clinical features of uveitic glaucoma in a fragile
population, such as pediatric patients, and to provide an update on etiopathogenesis and
the current therapeutic approach.

2. Classification and Clinical Features of UG in Childhood

The Standardization of Uveitis Nomenclature (SUN) system [12] classifies uveitis
according to the anatomic location of inflammation into anterior (iris and the anterior
ciliary body), intermediate (posterior ciliary body and vitreous), posterior (retina and/or
choroid), and panuveitis (all structures are affected). In addition, this classification provides
information about the disease, such as onset (sudden or insidious), duration [limited
(<3 months) or persistent (>3 months)], and course (acute, recurrent, or chronic).

Here we report the features of pediatric diseases and infections which are more
frequently related to uveitic glaucoma, according to the SUN system. Among the anterior
uveitis, we reported the Juvenile Idiopathic Arthritis JIA-associated uveitis, the herpetic
anterior uveitis and tubulointerstitial Nephritis and Uveitis (TINU).

Juvenile Idiopathic Arthritis (JIA) is now defined as arthritis starting before the age of
16 years and lasting for 6 weeks or more. The disease activity reduces around 9 years of age
and peaks around puberty. [13,14]. JIA-associated uveitis is a chronic non-granulomatous
anterior uveitis, and in 3-7% of cases, it can precede the diagnosis of arthritis [15]. Un-
like other forms of anterior uveitis, JIA-associated uveitis has an insidious onset, either
unilateral or, more often, bilateral, and it is usually asymptomatic until sight-threatening
complications arise. About three-quarters develop chronic inflammation with a high in-
cidence of complications, such as cataracts, glaucoma, band keratopathy, and persistent
cystoid macular edema [16]. The severity and chronicity of JIA-associated uveitis vary
markedly. Young age at onset of uveitis, male genders, presence of synechiae at presen-
tation and uveitis occurring before arthritis appear to be the most significant risk factors
for a severe course of uveitis and developing complications [5]. A minority have mild,
self-limiting uveitis, requiring only short-term topical steroids [17].

Herpetic anterior uveitis is another form potentially responsible for secondary glau-
coma in children. Infectious etiologies constitute 13% of all pediatric uveitis [18]. Viruses
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implicated are Herpes Simplex Virus (HSV) type 1 and type 2, Varicella Zoster Virus (VZV),
and Cytomegalovirus (CMV). They can cause acute unilateral non-granulomatous ante-
rior uveitis, often associated with increased intraocular pressure, but they can also cause
granulomatous anterior uveitis in chronic stages. Although rare in children, when the in-
fection involves the retina, Acute Retinal Necrosis (ARN) may occur, causing a devastating
reduction in visual acuity.

Tubulointerstitial Nephritis and Uveitis (TINU) is a multisystemic autoimmune disease
involving uvea and renal tubules and may be triggered by various factors, such as drugs
or infections. Its incidence is highest at 15 years of age, but all age groups can be affected.
In TINU, the uveitis is anterior and usually involves both eyes r; however, posterior or
intermediate uveitis can occur as well.

Among the intermediate uveitis in childhood, pars planitis (PP), early-onset sarcoido-
sis (Blau syndrome), and juvenile multiple sclerosis (MS) are worth mentioning [19-21].
PP is an idiopathic type of intermediate uveitis accounting for 5-26.7% of all pediatric
uveitis and is a diagnosis of exclusion [21]. Blau Syndrome is a systemic inflammatory
granulomatous disease that occurs in children under 5 years. It is characterized by uveitis,
arthritis (mostly involving the knee and the wrist), and skin lesions, such as erythema
nodosum, skin rash, vasculitis etc. Juvenile multiple sclerosis (MS) is rare in children, with
an incidence in the literature ranging from 2.7% to 10.5% of the general MS group [22].

Posterior uveitis includes inflammation of the choroid with or without retinal involve-
ment. In children, as in adults, the most common cause is toxoplasmosis [23,24]. In 70-80%
of cases, it appears as unilateral focal necrotizing retinochoroiditis with focal vitritis. The
anterior segment might be secondarily involved, presenting as granulomatous anterior
uveitis and high intraocular pressure. Ocular toxoplasmosis more commonly results from
the reactivation of congenital disease, where new active satellite lesions appear next to
an atrophic scar with hyperpigmented borders. The absence of scarring lesions suggests
acquired disease. Congenital toxoplasmosis occurs due to the passage of T.gondii by the
transplacental route. The transmission risk is highest during late pregnancy, but most
severe forms occur during the first trimester with the classic triad of retinochoroiditis,
cerebral calcifications and seizures [25,26].

Other forms of posterior uveitis are infrequent in childhood. Vogt-Koyanagi-Harada
(VKH) is a multisystem inflammatory autoimmune rare disease affecting the eyes, ears,
brain, skin and hair [27,28]. It is more frequent in ethnicities with higher pigmentation,
such as Asians, Middle Easterners, Hispanics, and Native Americans. The incidence of
VKH in the pediatric population is ethnicity-dependent, varying between 0.5 and 3% of all
pediatric uveitis [29]. The diagnosis is usually delayed in children compared to adults, so
associated ocular complications, including glaucoma, occur more frequently. Therefore,
visual outcomes in VKH are usually worse in the pediatric population [30].

Another entity associated with posterior uveitis in children is Behget’s disease (BD).
BD is a multisystemic vasculitis that is less common in pediatric patients than adults, and it
is characterized by recurrent mucocutaneous ulcers affecting the oral cavity and the genital
area. Pediatric BD onset is around 10-15 years of age, and ocular involvement usually
occurs within 2-3 months. It includes bilateral recurrent panuveitis with retinal vasculitis
and persisting vitritis. Iridocyclitis, episcleritis, retinitis, retinal hemorrhages, optic nerve
edema, and cystoid macular edema can also be found [31].

Data on the relative risk of developing glaucoma in pediatric patients according to the
type of uveitis [4] are limited and extremely heterogeneous (Table 1).
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Table 1. Type of uveitis and prevalence of pediatric uveitis with the corresponding relative risk (RR)
of UG. JIA: Juvenile Idiopathic Arthritis; VKH: Vogt-Koyanagi-Harada; CMV: Cytomegalovirus; BD:
Behget's disease.

Diagnosis Type of Uveitis Prevalence (%) Iéﬂe:CiZ;EiSk of
JTIA anterior 26.19 2.49
VKH panuveitis 3.96 2.71
CMV anterior 4.76 1.46
BD panuveitis 476 1.46
Idiopathic all 30.15 1.28

3. Pathogenesis of IOP Dysregulation in Uveitic Glaucoma

The pathogenesis of IOP dysregulation in uveitis is not fully understood yet. Uveitis
can compromise the delicate balance between secretion and outflow of aqueous humor;
therefore, in patients with uveitis, both ocular hypotony and hypertension can occur.

It has been reported that ocular hypertension develops in up to 46% of uveitic patients
and that it is more common in patients with chronic inflammation than in those with
acute uveitis [32,33]. Ocular hypotony is less common in uveitis, affecting up to 10% of
patients and is more common in young patients, mainly those with JIA uveitis [34]. IOP
reduction is frequently due to ciliary body inflammation, resulting in decreased aqueous
production [35] and can occur as a complication following glaucoma surgery.

Interestingly, raised IOP in uveitis can be documented in eyes with either closed or
open iridocorneal angle. In uveitic glaucoma, open-angle is more common than angle
closure [36]. Several pathogenetic mechanisms have been hypothesized to cause IOP rise
in both closed- and open-angle uveitic glaucoma.

In the closed angle UG, IOP rise can be secondary to three mechanisms: (1) pupillary
block caused by posterior synechiae, (2) presence of peripheral anterior synechiae, and
(3) forward rotation of the ciliary body, described in VKH Syndrome [37].

In open-angle UG, the disruption of the blood-aqueous barrier due to inflammation
increases the level of proteins in the aqueous humor in uveitic eyes. This great amount of
proteins (up to 1308 mg vs. 30-50 mg in normal eyes) can interfere with the aqueous outflow.
Peretz et al., characterized the protein pattern of the aqueous humor of patients with and
without uveitis. The results were very similar to those of serum proteins, supporting
the theory that the increased blood-aqueous barrier permeability may be involved in the
pathogenesis of uveitis [38]. Ladas et al., demonstrated a relationship between aqueous
humor protein concentration and aqueous humor outflow. Specifically, the outflow was
significantly reduced in uveitis with high aqueous humor protein levels and appeared to
be normal in active uveitis with low flare levels [39]. In addition, mechanical clogging of
the Trabecular Meshwork (TM) can result from the high concentration of inflammatory
cells and debris in the anterior chamber [38].

The inflammation of the TM, known as trabeculitis, is also supposed to be involved in
the development of uveitic open-angle glaucoma. Trabeculitis is frequently characterized
by an acute IOP increase, as in the Fuchs heterochromic uveitis (FHU), herpetic uveitis
(HU), and Posner-Schlossman syndrome (PSS) subtypes [39].

Murray et al., collected aqueous samples during cataract surgery from 22 patients
with inactive uveitis and 24 subjects without uveitis. Patients with uveitis showed a
greater expression of interleukin 2 (IL-2), interferon-gamma (INF-y), and tumor necrosis
factor-alpha (TNF-w), related to T-helper 1 inflammatory response, compared to patients
without uveitis [40]. Current evidence shows that the T-helper response is involved in
uveitis pathogenesis, and the cytokine response may differ in infectious and non-infectious
uveitis [41,42]. However, there is still debate whether a specific cytokine pattern may be
linked to a higher risk of developing uveitic glaucoma.
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Uveitis is an inflammatory disease, and glucocorticoids (GCs) are considered the
first-line treatment. In some patients, steroid responsiveness may play a part in the patho-
genesis of uveitic glaucoma. The most accepted definition of steroid responsiveness is a
clinically relevant IOP increasing more than 10 mmHg over the baseline, which can lead to
glaucomatous optic neuropathy over time [43].

In adults, approximately 62% do not show a significant IOP increase after GCs admin-
istration [43,44]. Still, GCs responsiveness has a significant impact in children: about 60%
of the pediatric population shows a significant IOP increase [43,45] with a higher risk of
Steroid-Induced Glaucoma (SIG) than adults.

GCs induce the expression of genes involved in microstructural changes in the trabecu-
lar meshwork. The overexpression of inhibitors of Metalloproteinases (MMPs) increases the
deposition of extracellular matrix in the TM, resulting in increased stiffness [43,46]. In addi-
tion, GCs stimulate the rearrangement of the cytoskeletal network with the production of
cross-linked actin networks (CLANSs) that inhibits TM contractility [43,47—49]. Dexametha-
sone and prednisolone induce IOP elevation more often than other GCs, [43,49-53] and top-
ical route administration is more frequently associated with SIG than other routes [43,54,55].
Ocular hypertension occurs in 3-6 weeks after continuous eye drops administration, and
IOP usually returns to the baseline values within 2 weeks after the end of treatment [43,56].
However, IOP elevation can be irreversible after GCs cessation once microstructural damage
of the trabecular meshwork occurs [43].

4. Medical Management

Correct management of the systemic disease underlying the uveitis is crucial to mini-
mize the recurrence of intraocular inflammation and becomes pivotal in preserving visual
function in these patients. The use of systemic steroids and/or immunosuppressive medi-
cation in pediatric patients requires multidisciplinary collaboration and careful follow-up
to monitor possible side effects. Revising the whole medical management for the systemic
disease related to uveitis is beyond the scope of this paper; Table 2 outlines the most
relevant therapeutic options in the pediatric population [57].

Table 2. Medical options in pediatric uveitis.

Glucocorticoids

Methotrexate

Anti-TNF-alpha monoclonal antibody therapy (adalimumab, infliximab)

Anti-interleukin 6 receptor antibody therapy (tocilizumab)

A CTLA-4-Ig fusion protein (abatacept)

Anti-CD20 monoclonal antibody therapy (rituximab)

Janus kinase inhibitors (tofacitinib)

The medical management of UG in children is complex, and the clinician should
consider the etiology, the patient’s age at presentation and general health and be aware
of the known efficacy and safety profiles of each drug. All the IOP-lowering agents are
indicated in UG in adults, except for prostaglandin analogs during active inflammation
and pilocarpine, whose miotic effect may increase the risk of posterior synechiae [58].

Nowadays, there is a lack of RCTs regarding the treatment of childhood uveitic
glaucoma.

Sacchi et al. [59] identified only five RCTs [60-64] evaluating the efficacy of topical
IOP-lowering drugs in patients younger than 18 with glaucoma and ocular hypertension
(Table 3).
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Table 3. Main RCTs for medical treatment in pediatric glaucoma.

Efficacy in IOP

Study Topical IOP Lowering Drugs Reduction

Dorzolamide 2% vs. timolol o o
Ott et al. (2005) [60] gel 0.25-0.50% 20-23% vs. 25%

Whitson et al. (2008) [61] itgigigﬁj ég/vs 20% vs. 16%

Betaxolol 0.25% vs. timolol gel

Plager et al. (2009) [62] 0.25-0.50%

9% vs. 12.15%

Latanoprost 0.005% vs.

timolol 0.25-0.50% 26% vs. 21%

Maeda-Chubachi et al. (2011) [63]

Travoprost with 0.5% vs.

Dixon et al. (2017) [64] timolol 0.25-0.50%

27% vs. 25%

However, most patients were diagnosed with PCG and JOAG, and secondary glau-
coma other than UG was included. Therefore, no specific conclusions for medical therapy
of UG can be drawn from the primary RCTs on pediatric glaucoma.

Even if most glaucoma eye drops are not licensed for children, they currently have an
off-label use in pediatric glaucoma, with a good safety profile [65].

Beta-blockers (BBs) and Carbonic Anhydrase Inhibitors (CAls) are considered first-line
options in UG [58]. Topical BBs decrease aqueous production, reducing IOP by approxi-
mately 20-25% in adults and up to 36% in children [59].

Effectiveness in IOP lowering is similar among the different beta-blockers agents.
Timolol and Betaxolol are available in eye drops, in 0.25% and 0.50% concentrations,
with twice daily administration. Timolol is also available in a 0.25% or 0.50% gel with a
single-day indication. BBs are primarily prescribed for pediatric glaucoma, but a careful
anamnesis is pivotal to prevent systemic side effects in children at risk of hypotension,
bradycardia, bronchospasm, and apnoea [65]. In the previously reported RCTs, one patient
developed bradycardia, and another had pneumonia as a severe side effect after timolol
administration. Cardioselective B1 blockers, such as Betaxolol, are less likely to cause
respiratory side effects.

CAls, such as Dorzolamide or Brinzolamide, decrease aqueous production and reduce
the IOP by approximately 20% in adults and 23% in children [59]. CAls eye drops three
times a day in monotherapy seem more effective in children than in adults [59]. Therefore,
Dorzolamide or Brinzolamide could be an excellent pharmacological choice in young
patients. However, a history of allergy to sulfonamides should be excluded before CAls
prescription because of the possible cross-reactivity between the two classes of drugs.

Corneal edema, superficial punctate keratitis and stinging have been reported as side
effects. Systemic adverse events observed in oral administration, such as renal failure,
metabolic acidosis or aplastic anemia, are uncommon in topical treatment [65].

Although Prostaglandin Analogs (PgAs) are considered the first-line treatment for
non-uveitic glaucoma, their use is not recommended in uveitic eyes because of their pro-
inflammatory effect. However, they can be safely used in quiescent uveitis undergoing
immunomodulatory therapy. PgAs increase the uveoscleral outflow and are the most
effective pharmaceutical option in monotherapy, with IOP reduction of up to 35% in adults
and up to 27% in children [59]. They have the best systemic safety profile and show mainly
local side effects such as ocular irritation, itchiness, iris and eyelid pigmentation, periocular
fat atrophy and eyelash elongation [58]. In addition, reactivation of herpes keratitis,
exacerbation of uveitis and macular edema have been reported [66,67]. Latanoprost and
Travoprost administered once a day shows an excellent efficacy and safety profile in
pediatric clinical trials compared to Timolol or Dorzolamide. However, the IOP-lowering
effect seems to be poorer in children than in adults [59].
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A phase III trial designed to assess the safety and efficacy of Bimatoprost compared to
Timolol in children was prematurely discontinued in 2015 due to insufficient enrollment.
(Clinicaltrial.gov identifier: NCT01068964)

Alpha Adrenergic Agonists (AAAs), such as Brimonidine tartrate, are scarcely studied
in children. These drugs can activate alpha-2 receptors in the bulbar vasomotor center re-
sulting in life-threatening side effects in patients under 23 months, such as apnoea, lethargy,
hypotension, bradycardia and hypothermia. These severe adverse events may be related
to an immature and permeable blood-brain barrier, so AAAs are not safely prescribed for
children under 2 years old and should be used with caution in older children [65].

5. Surgical Management

Surgery is a viable therapeutic option when glaucoma progresses, regardless of max-
imal medical therapy. However, appropriate planning of glaucoma surgery in pediatric
patients is still challenging compared to adults [68,69] because of the poor collaboration
affecting the results of examinations, including visual field testing and IOP measurement.

In pediatric UG, there is an intensive wound-healing response due to young age and
uveitic inflammation [70] that can affect surgical outcomes. Furthermore, in young patients,
preservation of the conjunctiva is crucial for future filtration surgeries.

Unfortunately, RCTs specifically designed for UG in the pediatric population are not
available, and for this reason, surgical treatment is not based on strong evidence [70].

According to available literature, goniotomy may be a good first-line treatment for
pediatric UG [71,72] because it is minimally invasive, repeatable and preserves the con-
junctiva. In addition, vision-threatening complications are very uncommon after this
procedure.

Brenda L. et al., in a retrospective case series, reported that a single goniotomy effec-
tively controls IOP in pediatric uveitic glaucoma, with 50% of success at 10 years; a second
goniotomy can raise the rate of success up to 70% in 10 years [71].

Goniotomy requires a clear view of the angle, so eyes with narrow or closed angles,
band keratopathy, or corneal edema are unsuitable for this approach. In these conditions,
ab externo trabeculotomy is preferred.

Qianqgian Wang et al., investigated the role of ab externo trabeculotomy in 28 UG eyes.
The Authors reported an overall surgical success rate of 81.8% with one or two procedures.
The survival probability was similar to those reported for goniotomy [73]. Moreover,
despite the greater conjunctival manipulation, a temporal approach could preserve the
superior conjunctiva for future glaucoma surgeries.

Filtration surgery, such as trabeculectomy and Glaucoma Drainage Devices (GDDs),
is another option designed to drive aqueous humor from the anterior chamber to an
external conjunctival filtering bleb. As previously mentioned, in pediatric UG, the intensive
wound-healing response due to young age and chronic inflammation [68] may lead to
subconjunctival fibrosis and surgical failure.

Antifibrotic agents, such as Mitomycin C (MMC) or 5-fluorouracil (5FU), have signifi-
cantly improved the long-term rate of success of filtration surgery, but their use is off-label
in ophthalmology [74,75]. Although these drugs are currently used in many pediatric
fields (such as oncology, otorhinolaryngology, gastroenterology or ophthalmology) [76-78],
neither MMC nor 5 FU is officially licensed for children.

Nowadays, postoperative fibrosis remains a significant problem in glaucoma man-
agement, especially in uveitic patients. GDDs’ success is less related to sub-conjunctival
fibrosis than trabeculectomy, so they are a good first choice in UG [69]; some models are
commercially available in smaller sizes, suitable for children (Table 4).
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Table 4. Main Glaucoma Drainage Devices available for pediatric patients.

Type Model Plate Area (mm?) Plate Material
Ahmed® Implant *

Pediatric size S3 96 polypropylene
Pedjiatric size FP8 96 silicone

Pars plana (Ped) PC8 96 silicone

Pars plana (Ped) PS3 96 polypropylene

Molteno3 ® Implant **
Pediatric P1 80 polypropylene

* valved; ** non valved.

Although smaller models have been specifically designed for children, there is a
lack of studies comparing the effectiveness of pediatric vs. adult models in the pediatric
population. The little available literature does not seem to demonstrate the superiority of
one model over the other [79,80]

Interestingly, Hye Jin Kwon et al., reported similar outcomes in GDD and trabeculec-
tomy with anti-fibrotic agents at 5 years in 82 uveitic eyes in adults. However, trabeculec-
tomy was more likely to fail when reactivation of uveitis occurred because of subconjuncti-
val fibrosis [81].

Unfortunately, there is a lack of studies comparing the outcomes of trabeculectomy
and GDDs in uveitic children. The surgeon should consider the high risk of trabeculectomy
failure in these patients: the overall success rate at >5 years ranges from 16% to 73% [82].

GDDs’ success rate at >5 years is higher, ranging from 38% to 89% [82]. Nevertheless,
GDDs have considerable long-term complications, such as corneal swelling and tube
erosion through the conjunctiva.

Therefore, the choice of filtration surgery should be carefully evaluated according to
the clinical situation of the young patient. Pediatric uveitic patients often show an early
onset of cataracts due to steroid therapy and prolonged ocular inflammation. Clear vision
is pivotal to avoid amblyopia in the pediatric population; therefore, cataract extraction is
often necessary for children diagnosed with uveitis to achieve acceptable visual outcomes.

Cataract surgery in UG children is challenging for different reasons. First, posterior
synechiae, inflammatory membranes on the anterior capsule, small pupils scarcely respon-
sive to mydriatics and capsular bag instability may be intraoperative pitfalls in uveitic
eyes. Furthermore, postoperative complications such as macular edema and epiretinal
membrane are more likely to occur after phacoemulsification, and any effort should be
made to control ocular inflammation before and after cataract surgery in patients with a
history of uveitis [83].

Second, the correct timing of cataract surgery in children is still debated. Multiple
factors must be considered prior to surgery, such as the patient’s age, risk of amblyopia,
and the uni- or bilaterality of the cataract. In addition, in childhood Ugs, the timing of
phacoemulsification in relation to glaucoma filtering surgery is also critical: if performed
separately, phacoemulsification may increase the risk of failure of glaucoma surgery, and
glaucoma surgery may accelerate cataract development [84]. Therefore, pediatric patients
must be evaluated on a case-by-case basis, using extreme caution, before the final decision
is made. Posterior capsulotomy and anterior vitrectomy are recommended in children, and
some Authors suggest a complete vitrectomy for young patients with uveitis and cataract
associated with JIA [83]. Hydrophobic acrylic Intraocular Lenses (IOLs) are considered
the best option for patients affected by uveitis. However, inflammatory membranes and
deposits may occur after phacoemulsification with an IOL implant, especially in patients
with sarcoidosis and JIA [83]. IOL implant is not recommended in infants younger than
1 year.

Choosing the IOL power is not easy in pediatric patients because of continuous ocular
growth during childhood. An under-correction of the IOL power, according to the age of
the patient, with a proper refractive correction, usually achieves acceptable results [85].
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Surgical aphakia could be an option in patients with uncertain control of inflammation
or capsular bag instability. However, IOL implantation is associated with a lower risk of
severe hypotony after surgery [86].

6. Conclusions and Special Considerations for Children

Childhood uveitic glaucoma is a potentially blinding condition. Clinical management
is challenging for ophthalmologists and requires a multidisciplinary approach. Children
have a long life expectancy, so a prompt diagnosis is extremely important, as well as a
proper IOP-lowering therapy, in order to reduce disease progression and preserve vision
for life. Unfortunately, there is a lack of evidence from RCTs in the pediatric population [59]
and especially in children with uveitic glaucoma. Most of the data for UG in the pediatric
population were collected from retrospective studies with small sample sizes.

In this review, we aimed to summarize the best available evidence that could be useful
for ophthalmologists, pediatricians, rheumatologists and other specialists.

A crucial topic is how to define the pediatric population and how to manage different
age groups. The International Conference on Harmonisation/Committee for Medicinal
Products for Human Use (ICH/CHMP) guidelines define five subgroups in the pediatric
population for clinical trials (Table 5).

Table 5. Pediatric population subgroups according to the International Conference on Harmonisa-
tion/Committee for Medicinal Products for Human Use (ICH/CHMP).

Pediatric Subgroup Age

Preterm newborn infants <37 gestation week

Term newborn infants 0-27 days

Infants and toddlers 28 days—23 months

Children 2-11 years

Adolescents 12 to 16-18 years (depending on region)

This heterogeneous definition makes it difficult to provide general results in clinical
trials that could be valid for different ages.

Medical therapy is usually the first line of treatment in glaucoma, but we should
remember that children are more prone to systemic side effects than adults because of their
smaller body mass and blood volume and the immaturity of the brain-blood barrier [65].

Any effort to decrease the systemic absorption of topical treatments is crucial in these
young patients. Training parents and caregivers to occlude the lacrimal duct for 2-3 min
after eye drop instillation could be useful in long-term medical management. Furthermore,
poor compliance with therapy may be more common in the pediatric population, and the
resulting suboptimal IOP control increases the risk of poor visual outcomes in glaucoma.

Fixed combinations, possibly in preservative-free formulation, could be a good choice
to reduce the number of daily administrations and improve tolerability and compliance.
Currently, none of the fixed anti-glaucoma combinations is licensed for children [65].

Anterior chamber implants could be a new therapeutic strategy to overcome compli-
ance issues in children, preventing ocular surface disease induced by topical therapy and
preserving healthy conjunctiva for future surgeries. Durysta® (AbbVie, an Allergan com-
pany) is a Bimatoprost anterior chamber implant, the only Sustained Release (SR) approved
by the Food and Drug Administration (FDA) available for glaucoma treatment in 2022. Two
phase 1 studies (Clinicaltrial.gov identifiers: NCT04060758, NCT05333419) are recruiting
patients to evaluate the safety, tolerability and effective dose of an SR Latanoprost implant.
A phase 1 study (NCT04360174), two phase 2 studies (NCT02371746 NCT05335122), and
two phase 3 studies (NCT03868124 NCT03519386) are trying to assess the efficacy of an
intraocular Travoprost implant in glaucoma patients. Unfortunately, none of these new
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devices has been licensed for children yet, and new clinical trials are needed to assess safety
and efficacy in the pediatric population.

A valid therapeutic option for UG could be Rho Kinases Inhibitors (RKIs), such as
Netarsudil and Ripasudil, a new pharmacological option in glaucoma treatment. RKIs
increase aqueous outflow through the trabecular meshwork, reducing IOP by about 20-25%
in adults in monotherapy. Conjunctival hyperemia, conjunctival hemorrhage and cornea
verticillata are the most common side effects [58]. Phase I studies show that RKIs are
involved in anti-inflammatory molecular pathways, and so they might be helpful in UG
management [87]. Moreover, Kusuhara et al., evaluated Ripasudil eye drops administered
twice a day as monotherapy or add-on treatment in 21 eyes affected with uveitic glau-
coma in a retrospective case series. The Authors reported no reactivation of uveitis, with
effectiveness and safety comparable to other glaucoma types [88]. Although no data are
available for children yet, in the future, RKIs might be a specific therapeutic option for
uveitic glaucoma in the pediatric population.

In current opinion, surgery is considered the mainstay treatment of pediatric glaucoma
for different reasons. First, according to the literature, pediatric patients have an increased
probability of non-response to medical therapy [59] and of side effects. In our opinion,
surgery should also be considered for children not compliant with topical therapy.

Moreover, young patients have a long life expectancies, long disease durations, and are
more likely to need multiple surgeries during their life. Therefore the surgeon should choose
an approach that ensures effective IOP control over years and minimizes conjunctival
scarring to prevent the failure of future surgeries. In addition, pediatric patients may not
tolerate postoperative discomfort, so they need careful postoperative management to avoid
complications. Available literature does not suggest significant differences in effectiveness
between the surgical approaches described above [80], but a stable control of the disease
underlying the uveitis is strongly recommended to avoid further reactivation and possible
surgical failure [57].

Nowadays, the surgical treatment of pediatric UG has scarce evidence-based guide-
lines. Most authors strive to collect large datasets for clinical studies, and reliable prospec-
tive analysis is often impossible. Therefore the results are unpowered compared to other
pediatric glaucoma types. To provide further insight into this particular topic in a fragile
population, large, controlled, well-designed, and prospective studies with longer follow-
ups are needed.

In conclusion, pediatric UG is a complex disease requiring multidisciplinary man-
agement and careful follow-up. Ophthalmologists, pediatricians, and rheumatologists
have to work in close tandem to achieve the highest quality of life for patients and their
caregivers [89].
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Abstract: Severe gastrointestinal symptoms are one of the main reasons for switching from conven-
tional artificial tube feeding to blenderized tube feeding (BTF). This study aimed to describe and
quantify the impact of BTF on gastrointestinal symptoms in children and adults. We analyzed four
databases (PubMed, Scopus, Cochrane Library, and Google Scholar). The review was performed
following the PRISMA extension for Scoping Reviews checklist. The methodological quality of arti-
cles was assessed following the NIH quality assessment tools. The initial search yielded 535 articles
and, after removing duplicates and off-topic articles, 12 met the inclusion criteria. All included
papers unanimously converged in defining an improvement of gastrointestinal symptoms during
blenderized feeding: the eight studies involving pediatric cohorts report a decrease from 30 to over
50% in gagging and retching after commencing BTF. Similar rates are reported for constipation and
diarrhea improvement in most critically ill adults. Experimental studies and particularly randomized
controlled trials are needed to develop robust evidence on the effectiveness of BTF in gastrointestinal
symptom improvement with prolonged follow-up and adequate medical monitoring.

Keywords: blenderized tube feeding; enteral nutrition; gastrostomy; children; disabled; review;
personalized medicine

1. Introduction

Since its introduction in the 1970s, home enteral nutrition (HEN) has been established
as a reliable and effective nutritional intervention [1]. Currently, the method of choice for
medium- and long-term enteral feeding is the gastrostomy tube (G-tube) [2,3], with a wide
range of diets and nutrient preparations suitable for tube feeding [1]. In this context, the
European Society for Clinical Nutrition and Metabolism (ESPEN) through the guidelines
on HEN recently recommended using standard commercial formulas for enteral tube feeds
with the exception of some specific conditions in which blended tube feeds are considered
to be the first choice [1]. Specifically, standard commercial formulas refer to standard
tube feed made of powdered raw materials [4]. Notably, almost all preparations of tube
feedings available on the European market use nutrient isolates (except vegetable oils)
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and concentrates in powder instead of natural foods. The nutrients and food isolates (e.g.,
milk protein) are extracted from foods in these tube feedings but are provided without the
natural food matrix [5].

On the contrary, BTF, also referred to as “blenderized formula” or “homemade blended
formula” and “pureed by g-tube,” consists of whole foods provided through a feeding
tube [6,7]. Products based on real foods, such as milk, meat, and vegetables, are also
commercially available for enteral tube feeding (ETF) [8]. The number of patients receiving
long-term enteral nutrition along with the use of BTF has surged over the last decade. As
per the Oley Foundation members’ survey in 2017, most of the 216 participants, specifically
pediatric (89%) and adult (66%) patients, were consuming BTF partly or totally for their
nutritional needs [9]. Although guidelines currently do not recommend BTF as a first choice
for tube feeding [1], many families still choose BTF over commercial formulas for several
reasons, including severe gastrointestinal (GI) symptoms, intolerance to polymeric enteral
formulas, or food allergies and intolerances [10]. Parenteral nutrition can play a role in
relieving gastrointestinal signs/symptoms especially in children with severe neurological
impairment [11]. However, given its risks and its potential to become inappropriately life
sustaining, clinicians need to consider changes in conventional enteral nutrition, including
blenderized formula.

This study aims to describe and quantify the impact of BTF on GI symptoms of patients
without any age or diagnosis limitations.

2. Methods
2.1. Search Strategy

Supervised by R.O., E.S. performed a systematic literature search of the following
databases: PubMed, Scopus, Cochrane Library, and Google Scholar. Search terms combined
text words and Medical Subject Headings (MeSH), as shown in the Supplementary Table
S1. Search terms included two components: terms referring to enteral tube feeding and
blenderized feeding. No date limit was set. The literature search was conducted in Italy.

2.2. Study Eligibility

Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews (PRISMA-ScR) checklist [12] represented in the Supple-
mentary Table S2, and after removing duplicates, all full-text articles were screened by
two independent researchers; any discrepancies were solved in a consensus meeting. The
articles were included if (a) they reported GI symptoms in pediatric and adult populations
fed via blenderized tubes, (b) were freely available, and (c) written in English. Articles only
assessing the nutritional value of formulas and review articles were disregarded.

2.3. Data Collection and Assessment

Data were extracted independently from included studies by two authors (E.S. and
D.L.) according to a predefined data extraction sheet. Probable disagreements were solved
by open discussion between the two authors, and consultation was conducted with a third
author (R.O.).

Included studies were assessed independently by two researchers (E.S. and D.L.). To
assess the methodological quality of all included articles, we chose three versions of NIH
quality assessment tools according to study types. Due to its versatility and completeness,
the NIH tool has been increasingly used in the last years for the quality assessment of
articles for systematic reviews and meta-analyses. Specifically, we used the Cross-Sectional
Study/Observational Cohort/Cross-Sectional Studies tool, Before-After (Pre-Post) Studies
With No Control Group Studies tool, and the Controlled Intervention Studies tool [13,14].
After answering each item, two researchers rated the studies’ overall quality as having a low-
risk bias (good quality), moderate-risk bias (fair quality), or high-risk bias (poor quality).
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3. Results
3.1. Studies Included

The initial literature search yielded 535 potentially relevant articles. After removing
duplicates (n = 150), 340 “full-text” manuscripts were retrieved. Of them, 12 studies met
the inclusion criteria, as shown in Figure 1. The included articles range from 2011 to 2022,
spanning an 11-year period.

o
Records identified through database Additional records identified
_5 searching* through other sources
§ (n=1530) (n=>5)
H
k=
)
=
=) v v
Records after duplicates removed
(n=150)
=]
8 Records screened R Records excluded**
v§ (n=385) i (n=45)
|
v
Full-text articles assessed Full-text articles
for eligibility > excluded***
(n=1340) (n=309)
2
=
)
m
| —
)
Studies included in
qualitative synthesis
n=12)
e
Q
el
=
)
(=]
5|
| —
* Source: ** Reasons: *** Reasons:
Pubmed: (n = 75) Full text not available: Out of topic, animal focused: (n = 24)
Scopus: (n=400) (n=15) Out of topic, microbial contamination:
Cochrane Library: (n = 55) Not published in English: ==15)
(n=10) Out of topic, review article: (n = 12)
No abstract available: DiierEeseonsi(@=2a8)
(n=6)

Figure 1. PRISMA diagram for article selection and inclusion in the review.

Regarding the study design, of the total studies, 3 were non-experimental cross-
sectional studies (surveys) [15-17], 4 were observational retrospective studies [18-21],
5 were semi-experimental longitudinal studies [22-25], and there was only 1 RCT [5]. One
study received a financial support from the private sector, specifically from Real Food
Blends [25].
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3.2. Assessment

By focusing on the concepts underlying the questions in the quality assessment tool,
no one reached a good overall quality rating among the three cross-sectional studies.
Specifically, in studies by Johnson et al., Trollip et al., and Hurt et al. [15-17], potential
confounding variables were not measured and statistically adjusted for their impact on
the relationship between exposure and outcome. The included observational retrospective
studies [18-21] had the lowest risk of bias, although there was a lack of blindness for
outcome assessors to the exposure status of participants Table 1. All the semi-experimental
studies [22-25] were susceptible to some bias, reducing the quality of the results concerning
sample size, follow-up loss rate, blinding of outcome assessors, and statistical analysis
(Table 2). Schmidt et al. RCT [5] showed good overall quality. To note, the overall drop-out
rate of participants allocated into the intervention and control groups from the study at the
endpoint was high (44 to 51%, respectively). Appropriate blinding did not occur as it was
not feasible (Tables 3 and 4).

Table 1. Quality Assessment of Included Studies using NIH Quality Assessment Tool for Observa-
tional Cohort and Cross-Sectional * Studies.

Quality (Total

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Qs Q9 Q10 on Q12 Q13 Qu4 Quality Score)
]2%};25*"[‘1 g by Y Y Y NR NO NO NO Y NA Y NO NA NO  Fair
gg‘igif[jtﬂal" Y Y Y Y NR NO NO NO Y NA Y NO NA NO Fair

é{(ﬁrg f{la;j, NO Y Y NR NO Y Y NO NO NO Y NO NA NO Poor

S fgt]al" Y Y Y Y NR Y Y Y Y Y Y NO Y NO  Good
5;;6“[2131]‘ etal, y Y Y Y NO Y Y Y Y Y Y NO Y NO  Good
333‘3[1;0? oy Y Y Y NO Y Y Y Y Y Y NO Y NO  Good

Fabiani et al., v v Y Y NO Y Y Y Y NO Y NO Y Y Good

2020 [21]

CD: cannot determine; NA: not applicable; NIH: National Institutes of Health; NR: not reported; Y: yes. Q1: Was
study question or objective clearly stated? Q2: Was the study population clearly specified and defined? Q3: Was
the participation rate of eligible persons at least 50%? Q4: Were all the subjects selected or recruited from the
same or similar populations (including the same time period)? Were inclusion and exclusion criteria for being
in the study prespecified and applied uniformly to all participants? Q5: Was a sample size justification, power
description, or variance and effect estimates provided? Q6: For the analyses in this paper, were the exposure(s) of
interest measured prior to the outcome(s) being measured? Q7: Was the timeframe sufficient so that one could
reasonably expect to see an association between exposure and outcome if it existed? Q8: For exposures that
can vary in amount or level, did the study examine different levels of the exposure as related to the outcome
(e.g., categories of exposure, or exposure measured as a continuous variable)? Q9: Were the exposure measures
(independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?
Q10: Was the exposure(s) assessed more than once over time? Q11: Were the outcome measures (dependent
variables) clearly defined, valid, reliable, and implemented consistently across all study participants? Q12: Were
the outcome assessors blinded to the exposure status of participants? Q13: Was loss to follow-up after baseline
20% or less? Q14: Were key potential confounding variables measured and adjusted statistically for their impact
on the relationship between exposure(s) and outcome(s)?

3.3. Findings in the Pediatric Population

Among studies analyzing GI symptoms’ prevalence in the pediatric population, the
Johnson et al. cross-sectional research reported a lower rate of GI symptoms among BTF
users (60% of 217) rather than SCF users (97% of 214). The most frequently reported GI
problems in children receiving BTF versus SCF was constipation (18.6% vs. 17.8%) followed
by vomiting (13.6% vs. 21%), gas/bloating (11.4% vs. 18.3%), diarrhea (5.4% vs. 11.4%),
nausea (3.9% vs. 14.8%), pain (3.9% vs. 11.7%), and fever (1.1% vs. 2.15%) [15].
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Table 2. Quality Assessment of Included Studies using NIH Quality Assessment Tool for Before-After
(Pre-Post) Studies with No Control Group.

Quality (Total

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 on Q12 Quality Score)

Pentiuk et al., .

2011 [22] Y Y Y Y NO Y Y NA Y NO Y NA Fair

Gallagher

etal, 2018 [23] Y Y Y Y NO Y Y NO Y Y Y NA Good

Hron et al., .

2019 [24] Y Y Y Y NO Y Y NO Y Y NO NA Fair

Spurlocketal., Y Y Y NO Y Y NO NO Y Y NA Fair

2022 [25]
CD: cannot determine; NA: not applicable; NIH: National Institutes of Health; NR: not reported; Y: yes. Q1:Was
the study question or objective clearly stated? Q2: Were eligibility/selection criteria for the study population
prespecified and clearly described? Q3: Were the participants in the study representative of those who would be
eligible for the test/service/intervention in the general or clinical population of interest? Q4: Were all eligible
participants that met the prespecified entry criteria enrolled? Q5: Was the sample size sufficiently large to provide
confidence in the findings? Q6: Was the test/service/intervention clearly described and delivered consistently
across the study population? Q7: Were the outcome measures prespecified, clearly defined, valid, reliable, and
assessed consistently across all study participants? Q8: Were the people assessing the outcomes blinded to the
participants” exposures/interventions? Q9: Was the loss to follow-up after baseline 20% or less? Were those lost to
follow-up accounted for in the analysis? Q10: Did the statistical methods examine changes in outcome measures
from before to after the intervention? Were statistical tests done that provided p values for the pre-to-post changes?
Q11:Were outcome measures of interest taken multiple times before the intervention and multiple times after
the intervention (i.e., did they use an interrupted time-series design)? Q12: If the intervention was conducted at
a group level (e.g., a whole hospital, a community, etc.) did the statistical analysis take into account the use of
individual-level data to determine effects at the group level?
Table 3. Quality Assessment of Relevant Study using NIH Quality Assessment Tool for Controlled
Intervention Studies.

Quality (Total

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 on Q12 Q13 Q4 Quality Score)

Schmidt et al.,

2018 [5] Y Y Y NO NO Y NO Y Y Y Y NO Y Y Good

CD: cannot determine; NA: not applicable; NIH: National Institutes of Health; NR: not reported; Y: yes. Q1: Was
the study described as randomized, a randomized trial, a randomized clinical trial, or an RCT? Q2: Was the
method of randomization adequate (i.e., use of randomly generated assignment)? Q3: Was the treatment allocation
concealed (so that assignments could not be predicted)? Q4: Were study participants and providers blinded to
treatment group assignment? Q5: Were the people assessing the outcomes blinded to the participants” group
assignments? Q6: Were the groups similar at baseline on important characteristics that could affect outcomes (e.g.,
demographics, risk factors, co-morbid conditions)? Q7: Was the overall drop-out rate from the study at endpoint
20% or lower of the number allocated to treatment? Q8: Was the differential drop-out rate (between treatment
groups) at endpoint 15 percentage points or lower? Q9: Was there high adherence to the intervention protocols for
each treatment group? Q10: Were other interventions avoided or similar in the groups (e.g., similar background
treatments)? Q11: Were outcomes assessed using valid and reliable measures, implemented consistently across
all study participants? Q12: Did the authors report that the sample size was sufficiently large to be able
to detect a difference in the main outcome between groups with at least 80% power? Q13: Were outcomes
reported or subgroups analyzed prespecified (i.e., identified before analyses were conducted)? Q14: Were all
randomized participants analyzed in the group to which they were originally assigned, i.e., did they use an
intention-to-treat analysis?

In Trollip et al.’s survey, a marked improvement of upper GI symptoms was reported
by most caregivers in children after commencing BTF (n = 12). Specifically, the median
score obtained through a novel qualitative questionnaire, developed using items from
a well-validated scale on feeding assessment in the pediatric age, showed a significant
improvement in GI symptoms. Vomiting and nausea frequency changed from “often’ to
‘rare’, and reflux changed from ‘often” to ‘rare’. An improvement in aspiration rate was
experienced by one-third of the populations analyzed, with only one caregiver reporting a
worsening post-BTF initiation. The reported perceived benefit of BTF on clinical outcomes
included a positive trend in bowel habits (1 = 10), specifically in constipation (from “often’
to ‘sometimes’) and diarrhea rates (from ‘rarely’ to ‘never’). Abdominal pain rates remained
primarily unchanged [16].
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Table 4. Features of Included Studies.

Stud Population and Outcome Evaluation Blenderized Diet Prescription Follow-Up
y Sample Size Method Food—Type Guidelines Period
255 children o
Johnson etal, 50.5% (1 = 173) using CF Questionnaire iﬁgiiﬁl(5:\l/;)iﬁlli)1€ NR NA
2018 [15] and 49.5% (1 = 82) aaty
. blenderized
using BTF
Homemade (33%) or a
Trollip et al., 12 children Questionnair combination of NR NA
2019 [16] ¢ ¢ uestionnaire homemade and
formula (17.5%)
Hurt et al 54 adults 50.5% (n = 30)
2015 [17] v using BTF and Self-designed survey Homemade NR NA
45.5% (n = 24) using CF
Homemade (65%) or
Batsis et al Clinical documentation commercially available 3and 6
2020 [18] v 23 children provided in the blenderized (17.5%) or NR months
medical records a combination of both
(17.5%)
Parent report
Kernizan et al., . Clinical documentation Recipes designed by
2020 [19] 34 children provided in the Homemade dietitians NA
medical records
10 children
All transitioned from an The number of defecations . .
Samela et al., . Commercially available
elemental formula to real and the consistency of . NR NA
2017 [20] . . blenderized
food ingredients each stool
formula (TFRF)
250 adults 4 S1mp1§ weight-based
103 fed blenderized The number of defecations equation
Fabiani et al., . and the consistency of (25-30 kcal/kg/day) to
natural enteral feeding . Homemade . : 8 days
2020 [21] nd 112 fed each stool according to the calculate daily caloric
2ommercieal formulas Bristol Stool Chart (BSC) target (Atasever et al.,
’ 2018; Taylor et al., 2016)
Pentiuk et al Food Processor
2011 [22] v 33 children Survey Homemade Program (ESHA 2 months
Research, Salem, OR)
Canada’s Food Guide
Gallagher et al., . . . for Healthy Eating.
2018 [23] 20 children Questionnaire Homemade VitamixR 7500 6 months
G-Series blender
Pediatric
Gastroesophageal Reflux
Dlsea}se Symptom and Homemade (67%) or Cronometer, a .
Hron et al., 70 children Quality-of-Life commercially available web-based nutrient 1 vear
2019 [24] Questionnaire (PGSQ); (L) blenderize dy database (Revelstoke, b
PedsQL Gastrointestinal British Columbia)
Symptoms Scale
(GI-PedsQL).
14 adults
Spurlok et al., first 2 weeks in CF, . . Commercially available
2022 [25] next 3 weeks partial BTF, Questionnaire blenderized NR 6 weeks
next full BTF
é(l)f; alcllstililts commerciall The number of defecations FAO Expert
Schmidt et al., avazlableg roduct base dyon and the consistency of Commercially available ~ Consultation on Energy 1 month
2019 [5] p each stool according to the  blenderized and Protein

real foods and 50% using
standard tube feed

Bristol Stool Chart (BSC)

Requirements (1985)

NA: not applicable, NR: not reported.
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Data on GI symptoms retrospectively collected by Batsis et al. on 23 children switching
from SCM to BTF highlighted an overall improvement. The majority of the included
population (n = 21/23) while on standard enteral formulas complained about upper GI
symptoms, namely gagging (39%), emesis (48%), and chronic cough with concern for
aspiration (4%). Ninety-five percent of them experienced an improvement in the reported
symptoms over a three-month period. BTFs did not decrease the constipation rate in the
patient previously suffering from it, and new onset mild constipation was reported in 21%
(n = 5) of patients [18].

Similar data were reported by Kernizan et al. in 35 highly complex patients, al-
most all (n = 33) suffering from GI symptoms before switching to partial or full BTE.
Sixty percent of them (n = 21/35) experienced a gradual improvement of symptoms dur-
ing the follow-up visits. The most commonly improved symptoms were those related to
gastroesophageal reflux disease (GERD). Two patients had worsening of constipation and
GERD, respectively [19].

Furthermore, Samela et al. reported a reduction in lower GI symptoms in 10 patients
suffering from intestinal failure to absorb macro- and micronutrients, transitioning from
SCF to tube feeding formula with real food ingredients (TFRF). Specifically, stooling patterns
(consistency or volume and number in 24 h) improved in the majority of cases (90%). TFRF
resulted in being well tolerated in children with 3040 cm of small bowel, an intact ileocecal
valve, and at least two-thirds of their colons in continuity [20].

Petniuk et al. reported that fifty-two percent (n = 17/33) of children with fundoplicatio
experienced an extensive decrease (76% to 100%) in gagging and retching after two months
on BTF. No parents reported that their child’s GI symptoms worsened after starting BTF [22].

In a more extended monitoring period of six months for 33 patients, Gallagher et al.
recorded a decrease in gagging and retching from 82% pre-BTF to 47% post-BTF. Between
enrolment and study exit, stool frequency of more than one/day slightly decreased (from
100% to 94%), while stool consistency did not significantly change [23].

In a larger cohort study of Hron et al. on 70 children, participants receiving blenderized
diets compared with those receiving SCF showed fewer GERD symptoms assessed by the
Pediatric Gastroesophageal Symptom and the Quality-of-Life Questionnaire (PGSQ). Fur-
thermore, participants on blenderized diets indicated an overall improved gastrointestinal
function through Pediatric Quality-of-Life Inventory Gastrointestinal Symptoms (PedsQL).
Specifically, less nausea and vomiting (64.0 £ 22.6 vs. 49.0 & 37.9, p = 0.02), less abdominal
pain (65.0 £ 26.8 vs. 56.4 &+ 33.9, p = 0.04), abdominal upset (71.1 & 26.0 vs. 58.9 +32.7,
p = 0.02), less diarrhea (87.9 £ 15.5 vs. 73.6 & 26.3, p = 0.004), and less worry about stool
(91.5 & 12.8 vs. 81.4 = 30.0, p = 0.05) were reported [24].

3.4. Findings in the Adult Population

In Hurt et al.’s survey, among 54 adults using either BTF (n = 30) or CF (n = 24),
nausea/vomiting was scarcely reported (13%) in both groups. On the contrary, diarrhea
was experienced by 21% of the 24 patients using SCF and by 16% of those using BTF.
Constipation was reported by 6% and 3%, respectively, in the BTF and SCF groups [17].

Over an 8-day-observation window, Fabiani et al. found that roughly half of the
112 critically ill patients (due to cardiac surgery) fed with SCF developed diarrhea, while
this symptom occurred in less than one-third of the 103 patients fed by BTF [21].

In a cohort of adults with head and neck cancer, Spurlock et al. found that all GI
symptoms improved after switching from SCF to BTF. GI symptoms decreased, particularly
vomiting (31.3% to 12.5%), constipation (31.3% to 12.5%), gas/bloating (50% to 18.8%),
nausea (62.5% to 12.5%), and diarrhea (37.5% to 0%) [25].

Lastly, Schmidt et al. in their RCT provided that in critically ill neurological patients
BTF may considerably reduce the number of watery stools and diarrhea, over a 24-day-
observation of complete enteral nutrition, when compared to fiber-based SCF [5].
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4. Discussion

The sentence “What is old is new again” is particularly true when considering BTF.
While is it ancient like old Egyptians, the popularity and necessity of this type of nutrition
reduced with the emergence of commercial formulas in the middle 20th century. As
technology advanced over the 1960s and 1970s, SCF (for definition, sterile products) began
to replace home-prepared food because of their known nutrient composition and lack of
possible microbial contamination [8]. However, lately, the interest in these individualized
formulas has increased, especially as a request made by caregivers (a way of feeding
perceived more “normal” by the family) [10].

Thirty years ago, the estimated annual prevalence of HEN in the USA was 415 per million
people [26]. The practice of HEN has faced extensive growth over time, especially in the
pediatric population, where the estimated overall prevalence is 3.47 per 100,000 inhabitants
from 0 to 18 years of age [27]. This increase is driven by the rising prevalence of feeding
and swallowing difficulties connected to improved survival rates of children with complex
disabilities and rare genetic conditions [28-32]. In addition to SCF intolerance, one reason
of the emerging interest and use of BFT is the inability to obtain commercial formulas in
some peculiar settings [33]. To date, in some developing economies, such as Iran, for most
hospitals, the traditional blended formulas remain the most widely used option due to
higher affordability [34]. Conversely, in the Medicare and Medicaid context, food-based
products are a second choice, preferred in case of allergy or intolerance to semi-synthetic
formulas [26]. Although SCF guarantees an adequate supply of nutrients, with a low
risk of contamination and device obstruction, intolerance has been reported [10]. The
improvement of this latter concern is reported in multiple studies both in pediatric and
adult populations [8,9,17].

Many aspects have contributed to the re-emergence of BTE. Paramount, for example, is
the improvement in feeding tolerance (reduction in reflux, retching/gagging, constipation).
This, indeed, greatly improved psychosocial aspects related to feeding, like normalizing
mealtimes, allowing patients to participate in food preparation, and allowing caregivers to
fulfill the fundamental role of feeding their child [8]. The BLEND study by Pentiuk et al.
found a clear improvement in the QoL of families in which BTF was adopted [22].

However, some critical points are to be considered by clinicians before initiating BTF.
The patient should be medically stable on a home enteral nutrition regimen, tolerate bolus
feedings, and have access to the necessary equipment to prepare and store food. The
gastrostomy site should be mature and well-maintained, and the gastrostomy tube should
be >14 French to reduce the risk of tube occlusion [8]. Nonetheless, there are some concerns
about BTFE. Food-borne illness, related to the preparation of a “whole food formula”, is a
possible “side effect” that commonly leads clinicians to prefer commercial formula and
represents a reason of concern for patients/caregivers, particularly for critically ill or
immunocompromised patients, such as neonates [35].

Regardless, no available studies demonstrate a connection between higher levels of
bacterial contamination and increased infection rates in BTF [36]. Additionally, a 2020 study
by Milton et al. shows that, when a correct way of preparation of BTF is applied, 88% of
samples meet the criteria for safe food consumption [37].

With regard to contamination concerns, many authors suggest the use of accepted
methods of safe food handling [37], adequate hygiene measures, and the use of comprehen-
sive guidelines for preparation, storage, and transportation of BTF [38,39].

A review based on the adult population showed that BTFs are inappropriate for use
in medically complex patients or those at risk for malnutrition, since BTF seems to be
associated with lower nutrient adequacy, possibly leading to a decline in weight status,
BMI, and upper arm circumference [40]. This aspect could be of concern in more fragile
pediatric patients.

Overall volume tolerance should also be factored in. Given the patient’s level of
volume sensitivity, the patient could not meet the daily caloric and nutrient intake needed
with BTF alone, which is crucial in children’s growth [8]. The BLEND3 study found that
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children needed 1.5-fold calories when on BTF in comparison to SCF to sustain growth.
It is still controversial why a caloric increase is necessary for BTF. Possible explanations
include differences in thermic effects of feeding, miscalculation of the caloric value of foods,
or changes in food digestion on BTF. However, further investigation is needed to clarify
this point [36].

The most relevant evidence emerging from this research study is that all included
papers unanimously converge in defining an improvement in both upper and lower GI
symptoms during BTF both in the pediatric and adult populations regardless of their
medical conditions. GI symptoms, including diarrhea and abdominal distension, frequently
occur in patients receiving EN, and diverse causes, such as antibiotics, infections, or even
enteral nutrition, may contribute [41].

All included studies showed comparable results, indicating an improvement of HEN
tolerance between patients using BTF. Notwithstanding, experimental studies, particularly
RCTs, are lacking. Adequate methodological quality is only sometimes achieved in the
included studies in this review. In fact, dietetic prescription, as well as concomitant possible
antibiotic administration, are not always described owing to observational biases. To note,
blinding is more difficult to achieve in studies on feeds as less feasible. Additionally, due to
small cohorts, statistical power is lacking.

Despite all the limitations, this review highlights the possible improvement of BTF on
clinical outcomes. It fits into a stream of studies covering most aspects of HEN, including
future strategies to improve environmental sustainability of HEN [42]. Results of studies
on nutritional value, quality of life, and microbial contamination of BTF are not always
consistent, as they do not always show that BTF is more beneficial than SCF.

Notably, BTF is not a good alternative in patients requiring jejunostomy in order to
prevent metabolic complications. Since this feeding route requires the administration of
feeds through a feeding pump, BTF is not recommended [1,43-45].

To conclude, there is a strong consensus agreement on most the appropriate HEN
formula among experts. ESPEN guideline recommends the use of SCF as the first choice,
unless there is the presence of a specific justification for BTF [1]. The absence of standard-
ized BTF formulas may potentially increase the risk of malnutrition due to deficiencies
of micronutrients [9,44] that are fundamental for effective metabolism and biochemical
processes [46,47]. Hence, the importance of an appropriate interdisciplinary management
of BTF, especially by an expert dietitian. A 3-day food diary may be filled in to estimate the
adequate supply of macro- and micronutrients and to prevent weight loss.

5. Conclusions

Empirically, BTF is sometimes preferred to the more conventional CTF because of the
emergence of GI symptoms during enteral nutrition with CTE. Although several studies
conducted on adults and pediatrics report an improvement in GI symptoms’ frequency
during BTF in comparison with CTF, only a few studies report with a high degree of
methodological quality. Considering these findings, experimental research is needed to
develop most robust evidence on this topic that is gaining increasing consideration among
caregivers and patients.

6. Future Directions

Despite the difficulties with blinding and conducting RCTs in feeding studies, more
studies are needed to evaluate the effectiveness of blenderized tube feedings with pro-
longed follow-up period and adequate medical monitoring to ensure optimal delivery and
nutritional standards. In the future, it will be interesting to consider the economic and
eco-sustainable impact of BTF in addition to the evaluation of clinical competence.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/app13042173/s1, Table S1: Methodology of search for articles
evaluated in this Review; Table S2: Preferred Reporting Items for Systematic reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist, From [12].
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Abstract: Introduction: The number of migrants living in Europe is growing rapidly. The PROTECT
project is a national study conducted among refugees and migrants in the Lazio region, Italy from
February 2018 to September 2021 to evaluate their otolaryngological, dental, and ophthalmic health
status. This article reports the results of this study with a special focus on otolaryngological conditions
and diseases. Materials and methods: A total of 3023 participants were included in the project. Data
on the participants” demographic factors, migration status, and otolaryngological history were
collected using a questionnaire. Each patient underwent clinical ear, nose, and throat examination,
and the main otolaryngological conditions and diseases were noted. Results: nearly two-thirds
of participants were males (68.1%). The mean age was 31.6 & 13.1. Most of the participants were
born in Nigeria, followed by Bangladesh, Pakistan, Somalia, Mali, and Gambia. The prevalence
of chronic noise exposure was 5.2%. Unilateral hearing loss was reported by 6.5% of the subjects,
and bilateral hearing loss by 3.6%. The most frequent symptoms reported in the questionnaire were
snoring (10.4%), nasal obstruction (5.9%), vertigo (5.0%), otalgia (4.5%), and tinnitus (4.2%). At the
clinical examination, the most frequent findings were nasal septum deviation (25.2%), ear wax (6.5%),
hypertrophic palatine tonsils (5.3%), and tympanic membrane perforation (1.3%). Conclusions: the
PROTECT project allowed for the evaluation of otolaryngological, dental, and ophthalmological
conditions in over 3000 migrants, giving them the possibility to access specialist care.

Keywords: migrants; vulnerability; hospitality; otolaryngology; screening; inclusion

1. Introduction

Persons with migrant status living in Europe are increasing rapidly [1]. European
countries receive an increasing number of vulnerable people every year, such as minors,
unaccompanied foreign minors, disabled people, pregnant women, single parents with
minor children, victims of trafficking, people with illnesses or mental disorders, and people
who have been tortured, raped, or suffered other forms of psychological, physical, sexual
violence [1,2].

Different factors lead to define migrants as vulnerable subjects, including health risks
during and after migration, language, socioeconomical barriers, and difficulty in accessing
health services in host countries [3]. Many migrants come from war zones and have been
victims of persecutory acts in their country of origin [4].

The rates of migration to Europe have increased in recent years with considerable
implications for national health systems [5]. The high costs for treatment in private facilities
and barriers to accessing free health services are often the main causes of a high incidence
of several diseases in migrant patients, including ear, nose, and throat conditions [6-12].
In fact, the quality of life of these persons is severely impacted by hearing difficulties,
breathing issues, and poor oral health, as they could interfere with daily activities such as
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hearing, eating, and speaking. Furthermore, untreated aural, nasal, or pharyngeal problems
could lead to serious risks to the health of older people such as malnutrition, heart disease,
pneumonia, oral and pharyngeal cancers, and dementia [13-15]. The recent coronavirus
disease 19 (COVID-19) pandemic has further worsened access to healthcare especially for
vulnerable persons [16-20].

The “Patologie del distRettO TEsta-Collo nei migranti” (PROTECT) project was started
in 2018 and led by the Sapienza University of Rome with the aim of protecting the health
of vulnerable migrants, with a specific focus on otolaryngological, dental, and ophthalmic
conditions through visits performed by otolaryngologists, dentists, and ophthalmologists.
The PROTECT project was funded by the Asylum, Migration, and Integration Fund (FAMI)
2014-2020 of the Italian Ministry of the Interior, and cofinanced by the European Union.

In this article, we describe the results obtained in the PROTECT project with a specific
focus on otolaryngological conditions and diseases. The results of this project for other
conditions were reported elsewhere [21].

2. Materials and Methods

This is a national cross-sectional study (PROTECT project) conducted on the refugee
and migrant population present in the Lazio region, Italy, from February 2018 to September
2021. The otolaryngological health of 3023 participants was investigated in a network of
53 reception centres and integration services. Participants were recruited on site through
local refugee and migrant services.

The PROTECT project was approved by the Department of Oral and Maxillofacial
Sciences, Sapienza, University of Rome (protocol identifying number: 0000839, 02/10/2018).
The protocol was in accordance with the 1975 Declaration of Helsinki on medical protocols
and ethics, and its later amendments.

2.1. Data Collection

Data were collected through an interviewer-administered questionnaire and a full
clinical otolaryngological examination for each patient. The questionnaire investigated
demographic factors, migration status, history for otolaryngological diseases, and health-
related behaviours. The clinical examination was performed with the help of an otoscope,
a nasal speculum, a laryngeal mirror, and a headlight.

Questionnaire administration and otolaryngological examinations were performed
by trained otolaryngological specialists of the Department of Sense Organs, Sapienza
University of Rome. The visits took place both at the premises of the reception centres
distributed in the Lazio region with the use of mobile medical units and in the outpatient
services of the Policlinico Umberto I hospital, Rome, Italy.

2.2. Questionnaire Information

The questionnaire was administered individually through an interview. The question-
naire questions are reported in Table 1. The physician filled the form on the basis of the
responses received by each patient during the interview.
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Table 1. Individually administered questionnaire to each participant through an operator-
administered interview.

(A) Sociodemographic characteristics

- Full name
- Gender
- Date of birth

- Country of origin

(B) Otolaryngological anamnesis and health-related behaviours

- Do you have cases of severe hearing loss in your family? Yes/no
- Were you exposed to noise for long periods? Yes/no
- Do you have unilateral hearing loss? Yes/no
- Do you have bilateral hearing loss? Yes/no
- Have you ever had injury or trauma in the region of the ear? Yes/no
- Have you ever had injury or trauma in the region of the nose? Yes/no

- Have you ever had injury or trauma in the region of the larynx? ~ Yes/no

- Do you have ear pain? Yes/no
- Do you have nasal obstruction? Yes/no
- Do you snore at night? Yes/no
- Has your voice changed recently? Yes/no
- Do you have vertigo? Yes/no
- Do you have tinnitus? Yes/no

2.3. Clinical Examination

The subjects were examined in the premises of the reception centres distributed in the
Lazio region and in the outpatient services of the Policlinico Umberto I hospital of Rome,
Italy. For each patient, the otolaryngological specialist evaluated the presence of external
ear diseases (malformation of the auricle, malformation of the external ear canal, ear wax,
external otitis), tympanic membrane perforation, middle otitis, nasal septum deviation
or perforation, acute tonsillitis or peritonsillar abscess, and the presence of spontaneous
nystagmus. A standard form listing the above conditions was available for each patient,
which was filled by the otolaryngological specialist after the visit using a yes/no response.

In the case of patients who had reported hearing loss at questionnaire, a hearing exam
with pure tone audiometry and, if indicated, otoacoustic emissions was performed in the
Policlinico Umberto I hospital; the response of the patient was considered valid only if
the exams confirmed the presence of hearing loss [22-24]. Hearing loss was defined as a
hearing threshold for two or more frequencies >25 dB HL in one or both ears.

If necessary, on the basis of the health evaluation and clinical history, patients were
referred to the otolaryngological department of the Policlinico Umberto I hospital for
further diagnostic exams or treatments.
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2.4. Statistical Analysis

The forms (questionnaire and clinical examination) filled by the examiner during each
visit were collected and entered into a database created using Microsoft Excel (Microsoft,
Redmond, WA, USA).

Descriptive statistics, including mean =+ SD values and percentages, were calculated
for each variable, and used to define the main clinical and demographic characteristics.

Data were evaluated using statistical analysis software (version 20.0, Statistical Package
for the Social Sciences, IBM Corporation, Armonk, NY, USA).

3. Results

A total of 3023 participants were examined and interviewed. Their age varied from 0
to 93 years; the mean age was 31.6 £ 13.1, SD = 13,075. Among all the subjects, 2058 were
male (68.1%) and 965 were female (31.9%). Data are shown in Table 2.

Table 2. Demographic characteristics of migrants included in the study.

Number Percentage
Male 2058 68.1%
Migrants Female 965 31.9%
Total 3023 100%

Most of the participants were born in Nigeria (10.15%, n = 307), followed by Bangladesh
(7.51%, n = 227), Pakistan (5.45%, n = 165), Somalia (4.76%, n = 144), Mali (4.03%, n = 122),
and Gambia (3.97%, n = 120). The average stay in local refugee and migrant services for
patients included in the study was 36.2 days (range 1-91, SD = 21,320).

Figure 1 shows the 20 most common countries of origin of the participants.
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320
300
280
260
240
220
200
180
160
140
120
100

Subjects (#)

& 3 o O >
4? P <‘\ S 9\ A‘\ N
0‘%@ V% @ e & °§‘°/\ NS
i %‘Q

Figure 1. Distribution of the country of origin of the migrants screened in this project sorted by
number of patients. Only the first 20 countries are shown.
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The most common otolaryngological issue reported in the questionnaire was snoring,
present in 10.38% (n = 314) of the subjects. Other conditions reported by the patients
were audiologically confirmed unilateral hearing loss (6.48%, n = 196), nasal obstruction
(5.89%, n = 178), chronic noise exposure (5.19%, n = 157), subjective vertigo (4.99%, n = 151),
nasal trauma (4.89%, n = 148), familial deafness (4.80%, n = 145), ear pain (4.50%, n = 136),
tinnitus (4.17%, n = 126), audiologically confirmed bilateral hearing loss (3.60%, n = 109),
ear trauma (3.57%, n = 108), laryngeal trauma (0.89%, n = 27), and dysphonia (0.79%,
n = 24). Figure 2 details the otolaryngological conditions and symptoms reported by
patients in the questionnaire.

Self-reported otolaryngology conditions
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Figure 2. Histogram of otolaryngological conditions and symptoms reported by patients in the
operator-administered questionnaire. Data above each column were rounded to the first decimal.

Otolaryngological examination showed a deviation of the nasal septum in 25.21%
(n =762), ear wax in 6.48% (n = 196), and tonsillar hypertrophy in 5.29% of the patients
(n = 160). Other less common pathological findings were tympanic membrane perforation
(1.29%, n = 39), external otitis (0.89%, n = 27), and middle ear otitis (0.50%, n = 15). Figure 3
shows the otolaryngological conditions found during the clinical examination.
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Otolaryngology conditions

27
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Figure 3. Histogram of otolaryngological conditions found during the clinical examination. Data
above each column were rounded to the first decimal.

4. Discussion

In recent years, the prevalence of aural, nasal, or laryngeal diseases in industrialised
countries has decreased due to the large use of preventive measures [25,26]. However,
prevention is less diffused in nonindustrialised countries, resulting in a higher incidence of
common otolaryngological diseases, as found in the sample of migrants included in this
study [6,7,10].

Among aural disorders, hearing loss was the most common condition reported during
the screening of the migrants included in the study. In the world, one-third of the population
over 65 suffer from disabling hearing impairments [27-29]. In Italy, the incidence of hearing
loss among the population in the third decade of life, like the mean age of subjects evaluated
in this study, is about of 3.2% according to the Italian Society of Occupational Medicine [30].
This number is significantly lower compared to the self-reported hearing loss of patients
included in the present study, which involved 6.5% of subjects for unilateral hearing
loss and 3.6% for bilateral hearing loss. Differently from the countries of origin of our
patients, many factors contributed to the reduction in hearing loss over the last decade in
industrialised countries. For example, one of the factors for the pathogenesis of otosclerosis
are viral infections [31], and the measles virus shows an important organotropism for the
otic capsule [32]. From the 1970s, the introduction of measles vaccination reduced the
incidence of otosclerosis [33] and generally of hearing loss [34].

Occupational and environmental noise exposure accounts for the 16% of total hearing
loss cases [35-39]. Global governmental bodies that have established regulations to avoid
noise exposure include the Occupational Safety and Health Administration, the National
Institutes of Occupational Safety and Health, and the European Union (EU) [40]. Unfortu-
nately, these recommendations often are not implemented by the migrants’ countries of
origin, as shown by the elevated number of persons in our sample reporting hearing loss
or chronic noise exposure in their country of origin.
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Research conducted in France and the USA showed that, during screening visits among
migrants and homeless individuals, the most frequent symptoms involved the upper and
lower respiratory tract, such as a dry or productive cough, rhinorrhea, and dyspnea.
Sometimes these symptoms may precede life-threatening diseases such as pulmonary
infection or tuberculosis [41—43]. Therefore, the possibility of guaranteeing free access
to screening the upper airway to all patients is fundamental to identify alterations in
nasal airflow (nasal septum deviation or perforation) or chronic infections of the nose,
nasopharynx, or oropharynx that could lead to severe infections of the lower airway in the
medium and long term.

Quality of life is strongly influenced by the health of the ear, nose and throat. For this
reason, it is necessary to render otolaryngological services easily accessible to vulnerable
persons and migrants [44]. Projects such as PROTECT aim at improving the quality of life of
these patients through the prevention and screening of common conditions, leading to the
resolution of the symptoms of an inflammatory/infectious nature or the early interception
of more serious conditions such as head and neck neoplasms.

5. Conclusions

The PROTECT project has allowed for the screening of otolaryngological, dental, and
ophthalmological conditions in over 3000 migrants, giving them the possibility to access
specialist care. Furthermore, for operators of the centers, nurses, and physicians, this
project represents an unrepeatable opportunity to offer care to vulnerable persons. The
knowledge, prevention, and management of these diseases, which are often painful and
disabling in these patients, have led to an improvement in the quality of life of vulnerable
migrants included in the PROTECT project.
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Abstract: Adherence to physical exercise is especially low in patients with fibromyalgia, and there is
a tendency to overestimate its performance. This study explores the relationship between perceived
and actual walking behavior in patients with fibromyalgia, including self-efficacy as a mediating
variable. A prospective study with two time points (with one week between them) was carried out on
132 women diagnosed with fibromyalgia. Self-efficacy towards exercise was assessed at the first time
point, and perceived intensity of physical activity and “objective” walking amount (accelerometer) in
relation to the previous week were assessed at the second point. Physical and emotional symptoms
and the consumption of drugs were also evaluated as covariates. The results show that perception of
vigorous-intensity exercise was related to walking (accelerometer) (effort greater than 6 METs). This
relationship was explained by the mediating effect of self-efficacy and was not interfered with either
by the symptoms or by the consumption of drugs. High self-efficacy regarding physical exercise
was directly related to walking behavior despite patients” interpretation of this activity as a vigorous
physical exercise. In intervention and rehabilitation programs, it would be interesting to take into
account and promote the self-efficacy of patients in relation to physical exercise in order to maintain
adherence to walking.

Keywords: fibromyalgia; walking; self-efficacy; perception of walking; accelerometry; mediation analysis

1. Introduction

Approximately 3% of the Spanish population suffers from chronic pain problems,
with fibromyalgia (FM) being particularly relevant because of its differential characteristics.
Fibromyalgia is more common in women than men, with females accounting for 80% of
diagnoses nationwide [1]. This somatic syndrome is characterized by the unexplained
presence of widespread musculoskeletal pain along with intense fatigue. Both symptoms
may be accompanied by additional symptoms such as sleep disturbances, anxiety, depres-
sion, or problems with functionality [2]. Regarding data collected worldwide, between 2%
and 4% of people with chronic pain are diagnosed with fibromyalgia [3,4], making it an
important public health problem in which helping people to successfully cope with their
pain or fatigue remains a relevant goal for healthcare professionals and researchers.

For people with FM, a particularly important threat to their quality of life is symp-
tom interference, understood as the perception of how pain or fatigue interfere with the
performance of other daily activities, significantly limiting successful adaptation to the
symptoms [5]. Therefore, a multidisciplinary approach should not only include pharma-
cological therapy, but other types of therapeutic resources that help alleviate emotional
distress and increase the rewards derived from engaging in meaningful activities versus
avoiding activity to reduce pain or other symptoms, such as fatigue [5]. Sedentary behavior
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has recently emerged as a strong risk factor fin the development of future chronic diseases
in healthy individuals reporting low levels of perceived pain [6]. Moreover, after the
COVID-19 lockdowns, stress levels have potentially increased sedentary activity globally,
which has conditioned the development of rehabilitation programs adapted to the reality
faced by patients with chronic pain [7]. Several studies have pointed to the role of physi-
cal activity as a resource that can aid in the improvement of pain, fatigue, stiffness, and
functional levels, as well as enhance positive emotional states through the reduction of
anxiety and depression [8-10]. Multimodal physical exercise interventions have focused
on aerobic conditioning, as it can decrease the risk of potentially painful injuries in patients’
daily lives [11,12]. Specifically, it appears that moderate-intensity aerobic physical exercise
improves pain and fatigue thresholds [9,13,14]. In this context, telerehabilitation has been
an innovative scenario in face of the COVID-19 pandemic and has generated similar bene-
fits to face-to-face therapeutic protocols that were implemented before the pandemic [15],
providing support to care services for chronic populations. As such, it should be taken into
account to improve patients’ quality of life [16].

However, despite the reported benefits, there are also potential barriers to adherence to
this type of treatment in this population, including the interference of the above-mentioned
symptoms. The paradoxical effect of symptoms on physical exercise in patients with chronic
pain has been widely reported in the literature, and, although moderate aerobic physical
exercise alleviates symptoms in the mid-long term, at the same time said symptoms are
the main inhibitor for the initiation and maintenance of physical activity, especially during
the initial phases [8,17,18]. Therefore, one explanation for the lack of adherence lies in the
difficulties that patients find when reducing their sedentary lifestyle due to an increase
of symptoms occurring when physical activity is performed at too high a pace and/or
without professional supervision [11,19,20]. Another potential barrier to adherence to
physical activity among chronic pain patients may reside in the incompatibility of physical
exercise programs with patients” daily routines; in fact, most physical fitness programs
require numerous visits to specialized clinics, explaining a dropout rate of approximately
40% [14]. Taking the above into consideration, walking offers greater advantages than
other types of high-intensity physical exercise, such as: self-regulation of the pattern itself,
low economic cost with minimal interference in normal routines, and relying exclusively
on the motivation of the patient [21]. Furthermore, walking appears to be the pattern
that most increases perceptions of self-efficacy in terms of managing FM-related problems
(e.g., pain, fatigue, or disability). However, considering the sedentary tendencies of the FM
population [22,23], it is especially important to recommend initiating walking gradually
and regularly [24]. Specifically, based on the recommendations outlined by various chronic
pain professionals, walking for at least 60 min in bouts of 20 min with a small rest between
bouts, four times a week, over a minimum of six consecutive weeks [25] is recommended,
and has been shown to have beneficial effects on long-term health [25-27].

In summary, it is important to analyze walking within the context in which it occurs.
This means taking into account patients” symptoms, perceptions about the intensity of the
activity, and beliefs regarding their own abilities to walk as a form of physical exercise.
In support of this idea, previous research has pointed out the lack of agreement between
patients’ perceptions and actual exercise performance; because patients with FM often con-
sider light-moderate activities as intense, complete physical recovery becomes impossible,
and they abandon the goal [28,29]. Therefore, most clinical research highlights the need for
instruments that include both objective and subjective measures of activity, specifically in
relation to exercise intensity and capacity [30,31]. One of the most used questionnaires to
assess perceptions of activity in FM is the abbreviated version of the International Physical
Activity Questionnaire (IPAQ-s) which records time spent performing physical activities
as a function of intensity (moderate, light, walking and sitting time). Recent research
suggests that the IPAQ-s information must be used to support measures offered by other
assessment instruments such as accelerometers [32,33]. The latter type of instrument allows
for the monitoring of energy expenditure and directly measures specific behaviors based
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on intensity, body posture, or counts of the amount of physical activity performed [34].
These types of measurement devices employ metabolic rate measurement units (METs)
that attempt to analyze the amount of energy consumed by a person at rest. Thus, 1 MET
corresponds to 3.5 mL O, /kg per minute, which is the minimum amount of oxygen con-
sumption that the body needs to maintain itself. Based on this unit of measurement, the
type of physical exercise is differentiated according to its intensity measured in METs: light
or gentle exercise has an energy expenditure of 3 METs; light-moderate exercise expends
between 3-6 METs and vigorous or intense exercise more than 6 METs [35]. In patients
with fibromyalgia, accelerometry is frequently used to assess physical activity in view of
the benefits of exercise in this population [10,36,37]. In support of previous research, the
first objective of this study has been to compare the measures provided by the IPAQ-s as a
subjective measure of the intensity of the activity performed, and the measures provided
by the accelerometer whilst walking.

Regarding beliefs about one’s own abilities to walk as a form of physical exercise,
self-efficacy—understood as the set of all knowledge that people have about their abilities
and confidence to achieve a goal or cope with a situation—plays an important role in the
physical function of patients suffering from chronic pain [38,39]. In addition, it promotes
the positive emotional states necessary to initiate physical exercise [40]. However, the
association between perceptions about physical activity and objective walking behavior
has not been examined whilst taking into account the effect of beliefs regarding patient
abilities and their possible interference with core symptoms such as pain or fatigue or the
effects of medication [41]. Therefore, the second main objective of our research aimed to
examine the relationships between subjective and objective measures of walking behavior
and self-efficacy from a simple mediational model (taking self-efficacy as a mediator
variable). To this end, the intention has been to previously control for the possible effects
of FM symptoms (i.e., pain, fatigue, sleep or cognitive problems, anxiety, and depression)
and medication.

In particular, we hypothesized an overestimation of the intensity of the physical activ-
ity performed in comparison to the walking measurement provided by the accelerometers.
Likewise, we expected self-efficacy to play a significant mediating role in the performance
of walking behavior based on said overestimation of the activity. Fibromyalgia symptoms
and drug use were expected to affect the overall model (greater drug use and greater
symptoms will have an impact on less walking behavior).

2. Materials and Methods
2.1. Participants and Procedure

The research protocol of the present study was reviewed and approved by the Bioethics
Committee (Universidad Rey Juan Carlos, Madrid, Spain, Reference 160520165916, date
of approval 9 June 2016). The study followed the ethical guidelines of the Declaration
of Helsinki.

Different fibromyalgia associations in the Community of Madrid and Castilla La
Mancha (Spain) were contacted. All patients interested in participating had to be women
over 18 years of age, be diagnosed with fibromyalgia according to the criteria established
by the American College of Rheumatology (ACR) [2], have a prescribed walking pattern,
show no impediments to physical activity, and sign the informed consent form. The
exclusion criteria that were established to carry out the study were the presence of other
comorbid chronic pain diagnoses or severe psychiatric diagnoses. The final participant
sample consisted of 132 women.

Regarding data collection in this prospective study, sociodemographic, clinical charac-
teristics (including medication) of the participants and self-efficacy were evaluated first.
After the evaluation, an accelerometer was provided to be worn on the wrist for one week.
Patients were instructed not to remove the accelerometer except for aquatic activities such
as showering or swimming. The final assessment was conducted one week later, when the
accelerometers were collected. Perception of physical activity and symptoms (pain, fatigue,
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unrefreshing sleep, cognitive problems, anxiety and depression) in the previous week were
also assessed at this point.

Both self-reports and accelerometer data were collected within the associations. All
members of the research team carried out the evaluations. The data were downloaded to a
computer and processed with the manufacturer’s software.

2.2. Measures
2.2.1. First Assessment

Sociodemographic and clinical data. An interview was applied with open-ended
questions that the participants had to answer regarding their age, weight, height, marital
status, employment status, educational level, and clinical aspects such as the use and type
of medication.

Self-efficacy about physical exercise in chronic pain. Self-efficacy related to physical
activity was assessed using the Spanish adaptation of the Self-efficacy scale for physical
activity scale for chronic pain (SEPAS) [42]. This adaptation reports on the sedentary
lifestyle of women with fibromyalgia, physical activity intensity levels and walking pattern
recommendations [43] attending to 5 barriers: pain, fatigue, bad weather, feeling stressed,
sad, worried, and having a bad day because of fibromyalgia. The SEPAS is composed of
35 items grouped into 3 factors depending on the intensity of the physical exercise per-
formed. For this study, the self-efficacy subscale related to walking while taking advantage
of doing other activities was used, which is made up of 5 items that ask about the ability to
perform walking related to daily activities despite the aforementioned barriers (e.g., “I feel
able to walk at least 30 min, taking advantage of having to do other activities (walk the dog,
go to work or shopping) yet (a) I have pain, (b) I have fatigue, (c) There is bad weather, (d) I
feel sad, stressed or worried, (e) I have a sick day”). In our sample, the walking self-efficacy
subscale showed an internal consistency of 0.85.

2.2.2. Second Assessment

Walking, moderate, and vigorous physical activity (subjective measure). The abbre-
viated version of the International Physical Questionnaire (IPAQ-s) was used to assess
the physical activity performed in the previous week according to the level of intensity
(moderate, vigorous intensity, and walking) [44]. Following the instructions, the time mea-
sures recorded by the self-report are: days per week, minutes per week, and minutes per
day for each type of intensity. Some examples of items are the following: “During the last
7 days, on how many days did you do moderate physical activities such as carrying light
weights, bicycling at a regular speed, swimming, or dancing? (Do not include walking)”;
and “How much time in total did you usually spend in moderate physical activity on one of
those days?” For a correct interpretation of the possible relationships between the intensity
levels provided by the IPAQ-s and the intensity levels provided by the accelerometer, the
minutes/week results were used for each intensity level.

Walking (objective measure). The ActiGraph wGT3X-BT (Pensacola, FL, USA) was
used to record total physical activity in minutes per day and intensity. According to
studies in chronic pain populations, episodes of 20 continuous minutes with intensity 0 are
excluded from the analysis because it is considered sedentary activity. Time spent walking
is considered a moderate-intensity activity and was consequently defined as minutes
accumulated between 100 and 759 counts—min-1 [34].

2.2.3. Covariates

Medication. A high percentage of women diagnosed with FM take medication to
alleviate symptoms such as pain or fatigue and allow for restful sleep [45,46]. In line with
the previous literature, we asked about the number of pills taken per day according to the
type of medication: analgesics, sleeping pills, antidepressants and muscle relaxants.

Pain. Pain intensity was measured by the Brief Pain Inventory (BPI) [47]. In particular,
the BPI item that refers to the mean intensity of pain experienced during the past week
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(on a numerical scale ranging from 0—"no pain”—to 10—"greatest pain imaginable”—)
was used.

Fatigue, unrefreshing sleep, and cognitive problems. Fatigue intensity, non-refreshing
sleep and cognitive problems in the last week were measured by 3 independent items
assessing the severity index of symptoms on a 4-point Likert scale (0—"no problem”,
3—"severe, persistent, pervasive, with interference in daily activities”).

Anxiety and depression symptoms. Anxiety and depressive symptoms were evaluated
by the Spanish validation of the Hospital Anxiety and Depression Scale (HADS) [48]. This
instrument provides information on the presence of these symptoms in non-psychiatric
patients and is made up of 14 items (on a 4-point scale) that are divided (7 items each) into
a scale that evaluates anxiety symptoms (e.g., “I feel tense or nervous”, “I feel a kind of
dread as if something bad is going to happen”) and another scale to measure depression
symptoms (e.g., “I feel slow and clumsy”, “I have lost interest in my personal appearance”.
In our sample, the internal consistency was 0.70 and 0.72 for the anxiety and depression
scale, respectively.

2.3. Data Analysis

The analyses were carried out using SPSS 27.0 (Armonk, NY, USA) and the level of
significance was set at p = 0.05. The characteristics of the sample were described with
frequency distributions, percentages, means, and standard deviations.

First, we explored the possible relationships between the perception of different levels
of intensity on physical activity performed by the participants, accelerometer-reported
walking behavior, and self-efficacy to perform physical activities using Pearson’s correla-
tion analysis.

Finally, we intend to specify the roles of each of the study variables by proposing
more complex statistical models. Based on the previous literature, we proposed a simple
mediation model in which the subjective measure of the level of intensity (variable X)
predicted the time spent walking referred by the accelerometer (variable Y). We considered
that this relationship could be influenced by self-efficacy for physical activity (variable M)
as can be seen in Figure 1. To test this model, we used model 4 (simple mediation model) of
the PROCESS 3.5 macro controlling for the effect of medication, pain, non-restorative sleep,
fatigue, cognitive problems, and anxiety and depression symptoms as covariates of the
simple mediation model. According to the criteria established by Hayes [49], the variables
posed in the model must correlate significantly (p < 0.05). The bootstrap technique was
used to control the type I error in the sample with a 95% confidence interval. The bootstrap
estimates were based on 5000.

Self-efficacy about physical activity

a b
c
Perception of the intensity of physical activity Walking behavior (moderate intensity reported by
(IPAQ-s) the accelerometer in min/week)

E}

C

Figure 1. Proposed simple mediation model. Coefficient a is the effect of predictor on outcome;
coefficient b is the effect of mediator on outcome; coefficient c is the total effect of predictor on
outcome; ¢’ is the indirect effect that are represented as the effect of predictor on outcome.
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3. Results

A total of 158 patients completed the first assessments of the study. However, 132 women
completed the subsequent assessments after wearing the accelerometers for one week.
Descriptive statistics of sociodemographic and clinical data are presented in Table 1.

Table 1. Sociodemographic and clinical data of participants.

FM Participants (n = 132)

Sociodemographic Data n (%) M (SD) Max Min
Age 57.63 10.44 79 32
Marital status

Married 95 (72.4)
Divorced or separated 13 (9.8)
Widow 11 (8)
Single 13 9.8)
Educational level
Primary studies 89 (66)
Secondary studies 31 (24.6)
University studies 12 9.4)
Employment status
Working 30 (22.7)
Housewife 66 (50)
Sick leave 15 (11.4)
Unemployed 21 (15.9)
Clinical data *
Medication
Analgesics
Yes 104 (86.7) 437 2.54 5 0
No 28 (13.3)
Sleeping pills
Yes 77 (65.9) 3.20 3.30 3 0
No 55 (34.1)
Antidepressants
Yes 78 (66.7) 3.67 3.31 2 0
No 54 (33.3)
Muscle relaxants
Yes 49 (31.9) 1.27 0.55 4 0
No 83 (68.1)
Others
Yes 74 (55.4) 1.20 0.41 6 0
No 58 (44.6)

Note: M (Mean); SD (Standard Deviation); * data collected on the type of medications is number of pills per day.

3.1. Aim 1: Associations between Subjective Measures of Physical Activity Intensity (IPAQ-s) and
Objective Measure of Walking (Accelerometer)

As shown in Table 2, walking behavior recorded by the accelerometer was positively
associated with the perception of activity as vigorous (r = 0.765, p = 0.000). Self-efficacy was
positively related to the perception of moderate- (r = 0.324, p = 0.001) and vigorous-intensity
(r=0.258, p = 0.007) IPAQ-s activity and to walking recorded by the accelerometer (r = 0.213,
p =0.026).

In relation to symptoms, there was a negative significant correlation between the
perception of moderate activity and depression (r = —0.217, p = 0.013). Similarly, there was
a negative significant association between the accelerometer walking measure and both
cognitive problems (r = —0.180, p = 0.040) and depression (r = —0.265, p = 0.002). Nega-
tive significant relationships were also shown between self-efficacy and pain (r = —0.272,
p = 0.004), cognitive problems (r = —0.321, p = 0.001), and depression (r = —0.379, p = 0.000).
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Regarding the medication, the only significant relationships were found between
analgesics (pills per day) and the perception of exercise as intense (r = 0.258, p = 0.007), and
with self-efficacy (r = 0.212, p = 0.025).

3.2. Aim 2: Mediational Role of Self-Efficacy between Perception of Intensity of Physical Activity
(Subjective Measure) and Walking Behavior (Objective Measure)

Based on the results obtained in the correlational analyses and according to Hayes’
criteria [49] on mediational models, our predictor variable was the perception of intense
physical activity, and our outcome variable was walking as a moderate-intensity activ-
ity (accelerometers). This finding is consistent with previous studies which indicate an
overestimation by patients with fibromyalgia of the intensity of the physical activity that
they carry out [28,29]. Based on this finding, we intended to analyze the possible role
of self-efficacy in this relationship according to the theoretical model proposed in Fig-
ure 1. The proposed simple mediation model resulted in uniformly acceptable model fits
(R? =0.286). As hypothesized, perception of physical activity (vigorous) predicted the
walking behavior registered by the accelerometer. Specifically, perceptions about the perfor-
mance of intense physical activity were predictive of walking behavior (¢’ = 5.10, t = 1.01,
p = 0.008, 95% Confidence Interval (CI) = 0.081, 1.44). In addition, a significant effect of
the perception of intense physical activity on self-efficacy was observed (a = 1.63, t =2.49,
p = 0.014, 95% CI = 1.04, 1.34), along with an effect of self-efficacy on walking behavior
(b=4.63,t=1.70, p = 0.022, 95% CI = 1.93, 5.21). The relationship between the perception
of intense physical activity and walking behavior was explained by the mediating effect of
self-efficacy (c = 3.16, t = 3.38, p = 0.004, 95% CI = 2.85, 4.72). Of all the symptoms consid-
ered as covariates in the model, only pain (B = —0.31, t = 0.13, p = 0.014, 95% CI = —0.54,
—0.064) and depressive symptoms (B = —0.19, t = —2.99, p = 0.003, 95% CI = —0.31, —0.065)
influenced the effect of perception of physical activity on self-efficacy but did not explain
the total effect of the mediation model. Regarding the type of medication, only analgesics
(pills per day) had a mediating effect between the perception of intense physical activity
and self-efficacy (B = —0.20, t = —2.23, p = 0.027, 95% CI = —0.37, —0.02). In other words,
despite the main symptoms of fibromyalgia and the use of analgesics, the perception of
carrying out an intense physical activity influenced objective walking behavior through the
perception of self-efficacy (see Figure 2).

Pain (B=-0.31,p=0.014) |
Depression (B=-0.19p = |
0.003) i

i

Analgesics (B =-0.20, p = Self-efficacy beliefs about physical activity
0.027)
b=4.63%
c=3.16*%
Perception of the intensity of physical activity _ | Walking behavior (moderate intensity re-
(IPAQ-s) g ported by the accelerometer in min/week)
c¢=510*%

Figure 2. Paths between perception of physical activity (subjective measure) and walking behavior
(objective measure) through self-efficacy beliefs about physical activity, controlling for symptoms and
medication. Note * p < 0.05.
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4. Discussion

In this study we used a simple mediational model to clarify the role of perceptions
regarding walking held by women with fibromyalgia and the role they play in adhering to
a pattern recommended as a way to decrease adverse symptoms. We found that although
participants viewed walking as an intense activity, it was positively associated with objec-
tive walking through the influence of beliefs regarding their abilities about physical exercise
(self-efficacy). Overall, the hypothesized model paths were supported, and model fits were
uniformly acceptable. Based on the stability of the results found, the clinical implications
of the present study are discussed below.

The first step we undertook was to explore possible mismatches between the subjects’
perceptions of walking and the objective measures of their walking pattern. Our results
clearly suggest a significant association between subjective measures of vigorous activity
and the objective measure of walking. Although previous studies have reached the same
conclusions with smaller fibromyalgia or chronic pain samples [50-53], our interest was
also focused on determining which psychological and physical factors may explain the
differences between subjectivity and observable performance in patients’ walking behavior.
On this topic, the previous literature on fibromyalgia shows that the discordance between
assessment measures can be explained by problems in central pain processing. This fosters
the persistent occurrence of chronic widespread pain, among other common symptoms
of fibromyalgia such as fatigue and cognitive problems [54,55] along with the presence of
anxious and/or depressive symptoms [28,29]. Therefore, we set out to explore the possible
effect of physical and emotional symptoms on the association between the subjective
(self-reported) and the objective (accelerometer-based) measures of walking.

The correlation results showed significant relationships between the measurements
provided by the IPAQ-s questionnaire and the accelerometer. Specifically, of the two types
of intensity provided by the self-report, it was the perception of intense activity that was
significantly associated with walking, considering that the latter is a moderate-intensity
activity following the indications of Gusi et al. [25] regarding physical exercise guidelines
in fibromyalgia. These data suggest the suitability of both instruments for evaluating
the physical activity of chronic pain patients, since it is not only the amount of exercise
performed that is important, but the subjective vision that patients have about exercise as
well. In this context, the perception of the intensity of a given activity could have a negative
or positive impact on adherence to this guideline as part of the recommended treatment
for fibromyalgia.

In view of the above, the following question may be asked: what factors influence
women with fibromyalgia to perceive moderate activity as intense? According to the
contributions offered by Jones et al. [31], the physical symptoms typical of the disease influ-
ence the patients’ subjective evaluation of physical exercise. Even memory and attention
problems have an impact on patients not remembering accurately the type of exercise they
have performed [56], and therefore self-report measurements may be biased. Our results
show that depressive symptoms correlate both with perceived moderate-intensity physical
activity (IPAQ-s) and with the objective measure of walking (accelerometers), while in the
latter case (accelerometers) the association with cognitive problems must also be included.
Based on these preliminary analyses, the model we suggest considers these symptoms
as possible factors influencing the predictive effect of intensity perception on objective
walking behavior.

In line with our hypothesis, the perception of vigorous intensity in the activity pre-
dicted the walking pattern (accelerometers) carried out for a week. Despite the presence
of adverse symptoms, these do not seem to explain the lack of activity in the participants
as claimed by the fear-of-movement model of Vlaeyen et al. [57]. The central focus of this
model lies in catastrophic beliefs about pain, which exacerbate pain intensity which, in turn,
leads to avoidance of physical activity and thus contributes to greater disability [22,58,59].
Although the literature on the effects of fatigue is scarcer, this symptom has also been found
to promote avoidance behaviors in women suffering from FM in previous studies [60,61].
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Our results show that only pain and depression influenced the association between the
perception of intensity and self-efficacy, but nevertheless there was no influence on the
model as a whole (the model considers the association between the perception of intensity
and walking—accelerometers—through self-efficacy); therefore, within the aforementioned
model, the symptoms do not seem to have an influence on lower physical activity. Another
factor that is indirectly associated with a decrease in time devoted to physical activity is
the use of antidepressants, which consequently increases sedentary activity. In a study of
people with severe mental illness, it was found that people medicated with antidepressants
(SSRIs) are more sedentary than those who do not take them [62,63]. Our results indicate
that only analgesics (and not antidepressants) negatively influenced the relationship be-
tween the perception of activity as intense and self-efficacy; however, they did not affect
the model proposed in its entirety and therefore walking performance. It should also be
noted that, globally, the lack of participation in physical activities is due to multiple factors,
especially environmental influences. For example, the scarcity of parks, pedestrian paths,
lack of sports and leisure facilities, or the use of cell phones correlate positively with a
sedentary lifestyle [64,65]. Again, the environment in which people develop seems to have
a strong influence on the decisions they make regarding exercise, so this is an issue that
also needs to be resolved in studies dedicated to people with chronic pain.

Our results are supported by the findings offered by new affective-motivational models
on pain [66,67]. These theories take context as a reference to understand that the relationship
between catastrophic beliefs and activity avoidance is not direct, but rather, several factors
come into play that show a preference for hedonic goals—aimed at avoiding the threat of
symptoms—or for achievement goals when performing physical activity [68,69]. In this
sense, it is cognitive and emotional factors that may mostly explain behavior beyond the
effect of physical symptoms [29,70]. Many patients lack the confidence to exercise despite
their symptoms and lack adaptive beliefs that exercise will help them manage their disease
and improve their quality of life [71,72]. Along these lines, self-efficacy turns out to be an
essential component for undertaking a new activity, as it provides the basis of motivation to
start an exercise. Consistent with previous research that has studied the role of self-efficacy
within the motivational context of chronic pain, our findings suggest that beliefs about
ability regarding physical exercise play an important mediating role between patients’
perception and the actual execution of walking. This is despite perceiving it as an activity
of greater intensity, and taking into account pain, as a primary symptom of FM, depressive
symptoms, and drug use (analgesics). Previous studies have also confirmed the mediation
of self-efficacy in the results obtained in the management of pain catastrophizing and
perceived pain control thanks to cognitive behavioral therapy [73]. In addition, self-efficacy,
fibromyalgia tender points, perceived impact of illness, physical functioning, as well as
reported long-term anxiety and depression, have all also been shown to be important
predictors of objective pain [74,75]. Therefore, our findings suggest that feeling able to
perform any physical exercise would dampen the effect of perceiving walking as intense
and would help to successfully cope with fibromyalgia.

Regarding the potential clinical applications of the present study, we believe that
focusing solely on reducing pain intensity would be an inadequate therapeutic goal. From
a rehabilitative perspective, the most effective treatments for fibromyalgia are those that
combine cognitive-behavioral therapy with graded physical exercise for each patient pro-
file [9,54]. Following these guidelines, we consider it appropriate to work on promoting
self-efficacy through motivational and volitional interventions that encourage a preference
for achievement goals over hedonic goals based on pain/movement avoidance. Further-
more, our data tentatively suggest that a physical program is also effective with individuals
in whom large differences exist between perceived intensity of physical exercise and target
performance. This clinical approach makes sense if fear of injury is adequately addressed
as a belief easily modifiable by ability; the minimization of such beliefs are also related to
positive emotional states and to less symptom interference [76,77].
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Despite its possible implications, there are limitations to this study that warrant
some attention. First, it might be expected that the female volunteers who participated
in our study felt more confident in performing physical exercise compared to the general
population with fibromyalgia. Therefore, it would be interesting for future studies to also
control for the role of catastrophizing as a possible behavioral inhibitor, as pointed out by the
previous literature [59,78-80]. Another limitation is regarding the age of the participants,
as the mean age was older than in other studies. A well-known age-associated health
problem is cognitive decline, which we assessed using a single question with responses
distributed on a Likert-type scale. However, it is possible that a single self-report item is
not a valid measure to detect the appearance of certain cognitive problems that could be
influencing the proposed mediational model. For this reason, it is important to control for
this health problem as a possible covariate, and to try to assess it with other appropriate
instruments. Furthermore, it seems that the discordance between subjective and objective
measures about physical exercise is higher in women than in men with fibromyalgia [51,81],
which in turn limits the generalization of the results obtained. Finally, our results indicate
that the proposed model is not affected by the symptoms. However, symptoms such
as fatigue have several dimensions that explain why this experience is unique to each
patient [82]. Therefore, it would be important to assess physical fatigue and mental fatigue
independently to explore their effect on this model. Along this line, we have included the
effect of medication on the execution of physical activity and the perception of its intensity.
Finally, as we have noted, women with FM tend to perceive greater activity and greater
intensity than the exercise they have done. However, we do not know whether this result
is confirmed in the healthy population. Therefore, we propose to resolve this question in
future studies by replicating this model with the inclusion of a control group.

In summary, previous research on chronic pain from motivational perspectives such
as the goals-conflict theory [69], emphasize the role of adaptive cognitions to take into
account during the multidisciplinary treatment of fibromyalgia. In this context, our results
highlight the role of self-perceived capacity beliefs (self-efficacy), through adherence to
walking, in mitigating patients’ dysfunctionality within the rehabilitative context.
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Abstract: Congenital muscular dystrophies (CMDs) are a heterogeneous group of genetic neuro-
muscular disorders. They usually occur at birth or in early childhood, with delayed acquisition
of motor milestones, and diffuse muscle weakness. A dystrophic pattern is evident on the muscle
biopsy. They are highly variable both in terms of severity and clinical evolution and in terms of
pathogenetic biochemical mechanisms. The aim of this review is to collect and summarize the current
knowledge of motor function in pediatric patients with congenital muscular dystrophies and the
instruments used to assess it. This scoping review was conducted using the methodology of PRISMA
(extension for Scoping Reviews, PRISMA-ScR). Two databases were queried from January 2002 to
November 2022. Articles were identified based on title and abstract. Full-text papers published in
peer-reviewed English-language journals were selected. It emerged that motor functional aspects
are still underinvestigated in CMD patients, probably due to the rarity of these conditions and the
phenotypic variability. The scales used to assess motor function are heterogeneous, as are the age
groups considered. Finally, the predominant type of research design is cross-sectional; few studies
analyze the progression of motor function over time. All these factors make it difficult to correlate
the results of different publications and stress the need for more accurate and shared protocols for
assessing motor function in these patients.

Keywords: congenital muscular dystrophies; motor outcome measures; motor function; natural
history; motor assessment

1. Introduction

Congenital muscular dystrophies are a heterogeneous group of rare neuromuscu-
lar disorders. The overall prevalence of CMD is estimated at between 0.6-0.9 cases per
100,000 births. By definition, onset is usually at birth or in early childhood [1]. Suspi-
cion of CMD in later life may be due to the presence of mild or previously overlooked
symptoms [2].

Common symptoms of the various forms of CMD are early muscle weakness, hypo-
tonia, and joint contractures. These features may be more or less prominent. The typical
floppy infant presentation may be observed in severe cases; in milder cases, antigravity
movements of the limbs may be preserved, with greater impairment at the axial level. Joint
contractures may sometimes be associated with ligamentous laxity and may be more or
less diffuse.

In the advanced stages of the disease, cardiac and respiratory failure may occur. Brain
involvement may also be present, usually manifesting as an intellectual disability [2].
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Differential diagnosis in children with suspected congenital muscular dystrophy or
congenital myopathy is determined by clinical features, age of onset, and inheritance
pattern [3].

Congenital muscular dystrophies are characterized by dystrophic components on
muscle biopsy [4]. However, heterogeneity in findings at biopsy has blurred the distinctions
between disorders once thought to be distinct.

Today, with improved sequencing technology, genetic testing is the gold standard, as
it speeds up the diagnostic process and reduces costs [3]. Thirty-seven genes are currently
associated with congenital muscular dystrophy phenotypes. The most common types are
collagen VI-related disorders (12-19%), dystroglycanopathies (12-25%), laminin-alpha2-
related dystrophies (10-37%), and selenoprotein N (11.65%). Fukuyama CMD is the most
prevalent form of CMD in Japan [5].

Although advances in research have improved the understanding of the disease
mechanisms, there is still no commonly accepted approach to the treatment and care of
CMD patients. The causes could be attributed to the rarity of the diseases and the great
variability of clinical phenotypes.

In this scoping review, the current knowledge of the natural history and trends of
motor function in pediatric patients with congenital muscular dystrophy is collected and
summarized. In addition, the assessment tools used to describe motor function according
to the form or stage of the disease are also described.

Collecting and sharing data on disease trajectories using longitudinal studies could
add significant information to what is currently available. Therefore, we aim to make the
scientific community aware of the lack of data and the future efforts needed to increase
evidence, also considering possible innovative drug treatments.

2. Materials and Methods
2.1. Protocol and Registration

The PRISMA methodology for scoping reviews was employed to conduct the review.
The results are presented following the Preferred Reporting Items for Systematic reviews
and Meta-Analyses extension for Scoping Reviews (PRISMA-5cR) Checklist [6].

No a priori protocol was registered. Additional information about the process can be
obtained from the corresponding author on request.

2.2. Inclusion Criteria

The inclusion criteria were categorized according to the scheme Population, Concept,
and Context (PCC) recommended by the Joanna Briggs Institute for scoping reviews [7].

2.3. Population

We searched for articles including descriptions of motor function in patients with con-
genital muscular dystrophies (CMD), including alpha-dystroglycanopathies, Emery—Dreifuss
muscular dystrophies, collagen VI-related dystrophy, and Merosin-deficient congenital mus-
cular dystrophies. For this review, we did not consider non-congenital dystrophies and other
neuromuscular disorders. We included articles that focused on pediatric populations.

2.4. Concept

We selected articles that analyzed and described motor function and its progression
over time.

2.5. Context

No cultural, geographical, race, or gender-specific limits were considered for our review.
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2.6. Information Sources

We considered articles available from 2002 to November 2022. Selected keywords
were combined to create search strategies, adjusted for each screened database.
Articles were searched in the following databases: PubMed /MEDLINE, Embase.

2.7. Search Methods

We used a combination of Medical Subject Headings (MeSH) and free text (where
terms were not present in the MeSH Database) to search the entries.

In consultation with a librarian from the Federated Library of Medicine (BFM) at
the University of Turin, we developed a working framework for a search strategy (see
Appendix A).

The Appendix A show the search process (search strings) used to retrieve the final
articles from PubMed/MEDLINE and Embase. References from relevant articles were
searched for the inclusion of additional papers not previously identified through the
systematic search.

2.8. Level of Evidence and Qualitative Analysis of Eligible Articles

The quality of the eligible articles was assessed according to the levels of evidence
established by the JBI. The qualitative assessment was performed by two authors (I.C. and
F.R.) independently. All selected papers are case series so the level of evidence is 4b.

3. Results

A total of 16 articles focusing on motor outcome measures in pediatric patients with
congenital muscular dystrophies were included in the review after selection.

There were specific articles on collagen VI-related dystrophies (COL6-RD) (n = 2),
Fukuyama congenital muscular dystrophies (FCMD) (n = 2), laminopathies or LMNA-
related congenital muscular dystrophies (LMNA-RD) (n = 1), LAMA2-related (Merosin-
deficient) congenital muscular dystrophies (LAMA2-RD) (n = 2), SEPN1-related myopathies
(SEPN1-RM) (n = 2), and a-dystroglycanopathies—-FKRP mutations (FKRP) (n = 1), as well
as other articles in which different pathologies were analyzed (n = 6).

3.1. Selection of Sources of Evidence

The articles were examined by two authors (L.C. and ER.), and eligibility for inclusion
was determined independently; in the case of discordant opinions between the reviewers,
the eligibility of the article was discussed until consensus was reached.

Articles were initially screened based on titles and abstracts according to the popu-
lation, concept, and context elements previously described. Duplicates were identified
and removed. Only full-text papers published in peer-reviewed journals and English were
selected. A total of 2690 articles were found: 912 in PubMed /MEDLINE, 1788 in Embase
(see Figure 1). The flowchart of the selection of evidence is shown.

3.2. Synthesis of Results
3.2.1. Studies in Patients with COL6-RD Diseases

The data were grouped according to the type of congenital muscular dystrophy.
Articles including different forms were grouped in a separate table. For each article, the
author, year of publication, type of congenital muscular dystrophy, instruments used for
the evaluation, and results are reported.
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Figure 1. Flowchart of selection of sources of evidence.

We found two articles regarding motor outcomes in patients with COLVI-RD. The
details of each article are reported in Table 1.

Table 1. Motor outcome measures in patients with COL6-RD (UCMD: Ullrich congenital muscular
dystrophy, BM: Bethlem myopathy; COL6-RD: collagen VI-related dystrophies; MFM32: Motor
Function Measure; 6 MWT: 6 min walk test; NSAA: North Star Ambulatory Assessment; LoA: Loss
of Ambulation).

Authors, Year Study Design Tzﬁ];f (Sizes,ag:e z,lf'\ge) Assessment Results
Head control, sitting, and
independent ambulation were
completed at median ages of
Yonekawa et al., Case series UCMD n=233;18F/15M; Clinical 4 months, 9 months, and
2013 [8] Cross-sectional 11 £ 6.6 years assessment 18 months, respectively.

Independent sitting and
walking: 81% (25/31).
LoA: 8.8 £ 2.9 years (n =11).
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Table 1. Cont.

. Type of Sample
Authors, Year Study Design CMD (Size, Sex, Age) Assessment Results
COL6RD N~ 119; 57 F/62 M;
5-73 years
MFM32: 44.17 (£17.4).
NSAA: 1.8 (+4.4).
o E 6MWT: 27.5 (£72.6).
UCMD n = 38; 5-34 years LoA 22/30—range of ages
4-15 years; 8/38 never achieved
Natera-de et al., Case series MEM32, 6.MWT' independent ambulation.
. NSAA, timed
2021 [9] Cross-sectional .
function tests. MFM32: 62.47 (+15.17).
Intermediate - NSAA:10.7 (£8.9).
COL6RD M =35 6-48years 6MWT: 257.2 (+169.8). LoA
8/35—range of ages 6-12 years.
MFM32: 79.72 (£12.23).
BM n = 46; 5-73 years NSAA:21.9 (£84).

6MWT: 442.3 (£106.5). Range
of ages at LoA (y): all ambulant.

3.2.2. Studies in Patients with LMNA-RD

We found one article regarding motor outcomes in patients with LMNA-RD. The
details of the article are reported in Table 2.

Table 2. Motor outcome measures in patients with LMNA-RD (EDMD: Emery-Dreifuss muscular
dystrophy, LoA: Loss of Ambulation).

Authors, Study Sample

Year Design Type of CMD (Size, Sex, Age) Assessment Results
LMNA-RD n=g4
mutations
LMNA-related Independent .vvalklr}g: 14 subjects.
) ital n=d4l: o LoA: 7 patients
Fan et al., Case series congent ’ Clinical (4.5 years; 3-6 years).
2021 [10]  Cross-sectional énusmlir 6.5 (1.5-16.0) years assessment Spinal deformities: 23 (56.1%).
ystrophy Contractures: 21 (51.2%).
n =32 Independent walking: all subjects.
EDMD 10.6 (1.5-43) years Spinal deformities: 17 (53.1%).

Contractures: 24 (75.0%).

3.2.3. Studies in Patients with LAMA2—CMD

We found two articles regarding motor outcomes in patients with LAMA2-CMD. The
details of the articles are reported in Table 3.
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Table 3. Motor outcome measures in patients with LAMA2-RD (KAFO: Knee—Ankle-Foot Orthosis).

Study

Authors, Year .
Design

Type of
CMD

Sample
(Size, Sex, Age)

Assessment

Results

Case
Series
Longitudinal

Zambon et al.,
2020 [11]

LAMA2-RD

n=46;25F/21 M;
The median age at first
and last assessment
was 2 years and
12.1 years, respectively
(range 0.1-14.8 and
12.1-22.7 years)

LAMA2-RD
with
complete
laminin
alpha
2 deficiency
(CD)

LAMA2-RD
with partial
laminin
alpha
2 deficiency
(PD)

Clinical
assessment

Analysis of longitudinal data demonstrated
a linear yearly rate of increase of 6.6° for right
elbow flexion and 3.1° for knee
flexion contractures.

Motor delay: 42/42 subjects.
Independent sitting (in months): mean 13.6,
median 12 (range 6—40). Independent walking:
1 subject. Walking with support + KAFO:

5 subjects. Standing with support: 3 subjects.
Scoliosis (median age of onset, years; range):
36 subjects (6.3; 1.9-14.8).

Scoliosis surgery (median age at surgery, years;
range): 9 subjects (11.6; 7.7-13.5).
Contractures—Right elbow flexion
contractures >30° were observed in
26/34 (76%) subjects at a median age of
6.7 years and >60° in 18/34 (5%) subjects at
a median age of 8.7 years.

Long finger flexor contractures were reported
in 30/42 (71%) CD subjects.

Motor delay: 4/4
Independent sitting (in months): mean 10.3,
median 10.1 (8.1-13.1). Independent walking:
2 subjects. Walking with support = KAFO:
2 subjects. Standing with support: 0
Scoliosis: 1 subject.

Scoliosis surgery: 0.
Contractures—No subjects had right elbow
contractures >30°.

Long finger flexor contractures were reported
in 2/4 (50%) subjects.

Case
Series
Cross-sectional

Tan et al.,
2021 [12]

LAMA2-
CMD

n=116;44F/72 M;
Age of last follow-up:
6.4 (0.3-27.3) years

Clinical
assessment

Head control: 76.3% (87 /114)—(65 achieving
after 4 months old) at a median age of
6.0 months (2.0-36.0 months).
Independent sitting:
92.6% (100/107)—(51 achieving after
10 months old) at a median age of
11.0 months (6.0-36.0 months).
Independent ambulation over 1.5 years old:
18.4% (18/98)—(14 achieving after 18 months
old) at a median age of
27.0 months (18.0-84.0 months).
Regression of motor function: 31.2%
(34/109)—Head control (n = 7), rolling (n =9),
independent sitting (n = 17), and ambulation
(n =9) at median (range) ages of 9.8 (6.8-11.0),
6.0 (3.8-12.0), 8.0 (4.1-19.0), and
8.0 (1.7-11.0) years, respectively.
Spinal deformity: 48% (54/111). Scoliosis
occurred in 40.5% (45/111) at a median age of
6.0 years (0.5-12.0 years) and lordosis occurred
in 8.1% (9/111) at a median age of
3.0 years (2.0-7.0 years).
Contractures in 109 patients involved the
knees at first, then the ankles, elbows, and
hips in sequence. They progressed rapidly
during ages 6-9 with rates of 82.6%, 73.9%,
69.6%, and 43.5%, respectively.
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3.2.4. Studies in Patients with FCMD

We found two articles regarding motor outcomes in patients with FCMD. The details
of the articles are reported in Table 4.

Table 4. Motor outcome measures in patients with FCMD (FCMD: Fukuyama; GMFM: Gross Motor
Function Measure; HMFS: Hammersmith Motor Function).

Authors, Year  Study Design Type of CMD ( SizeS,aSn; E ,likge) Assessment Results
The Upper Limb ~ The group of patients scoring <5 on the Upper
H . n=13;5F/8M; Function Measure ~ Limb Function Measure of Muscular Dystrophy
arada et al., Case series Fukuyama— 1-17 M 1 h d sienificantly 1 HMEFS (p = 0.018)
2022 [13] Cross-sectional FCMD years of Muscular showed significantly lower (»r 0.
(mean 9.6) Dystrophy, and GMFM (p = 0.020) scores than patients
GMFM, HFMS scoring >6.
Phenotype—severe 79 (38%), typical 102 (49%),
mild 22 (11%), unknown 4 (2%).
Maximum motor development
Severe—without head control: 37 subjects (18%);
with head control: 42 subjects (20%).
Typical—sitting without support: 49 subjects
(24%); sliding on the buttocks: 53 subjects (26%).
P Mild—crawling: 6 subjects (3%); walking with
n =207, support: 5 subjects (2%); walking independently:
Ishigaki et al., Case series Fukuyama— 103 F/104 M; Clinical 5 PPb. ) " (20/]). limbi 4 tai 'g6 bP ts (3% ;’
2018 [14] Cross-sectional FCMD 0-42 years assessment stlleec' S \o70) cum cllng Sl alrs: © SUbJEcts 157).
(mean 6) aximum motor development over age
5 years (N = 114)
Severe—without head control: 8 (7.0%);
with head control: 12 (11%).
Typical—sitting without support: 23 (20%);
sliding on the buttocks: 46 (40%).
Mild—crawling: 14 (12%); walking with support:
3 (2.6%); walking independently: 4 (3.5%);
climbing stairs: 4 (3.5%).
3.2.5. Studies in Patients with SEPN1-RM
We found two articles regarding motor outcomes in patients with SEPN1-RM. The
details of the articles are reported in Table 5.
Table 5. Motor outcome measures in patients with SEPN1-RM (SPN1-RM: SEPN1-related myopathies
HEMS: Hammersmith Motor Function).
Authors, Year Study Design Type of Sample Assessment Results
4 CMD (Size, Sex, Age)

Independent walking: 50/60 patients (83%)
n=60;31F/29 M. (median age at last evaluation: 14 years; range
Age range at last 2.5 to 36 years). Four patients were only able

CrCo:ss-esZigg;al assessment: 2-58 years asgélsr;;ae;t to take steps indoors by holding furniture or
(median 15 years, walking with assistance. LoA: 8/50.
Silwal et al mean 16.5 years) Scoliosis: 45/60 (75%). Median age at onset of
2020 [15] M SPN1-RM scoliosis: 12.1 years.
. HFMS: estimated annual change was —0.55;
IA_ 25;13 F/t112 l\f of timed 10 m walk, 0.16 s; of timed rise from
Case series ge range a :S HEMS floor sitting, 0.86 s; and of timed rise from
Longitudinal ; Sés_ezszm::rs' floor lying, 0.87 s.
(meaian 1}:1 ears) Spinal stiffness: 21/25 (84%) at a median age
y of 10 years (range 2.0-15.6 years).
Delayed motor milestones: 79/97 (81.4%).
Poor head control: 56/97 (57.7%). Delayed
Villar- n=132; gait acquisition: 31/97 (32%).
Quiles et al Case series SPN1-RM 50,8% F/49.2% M; Clinical Spinal stiffness: 86/98 (87,8%).
2020 [16] M Cross-sectional 2-58 years assessment Scoliosis: 87/101 (86,1%).
(mean 18.2 £+ 11.8) Contractures: 64.4% of cases; Achilles tendon

(57.4%), hip flexors (50%), elbows (35.2%),
or knees (31.5%).
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3.2.6. Studies in Patients with FKRP Mutations

We found one article regarding motor outcomes in patients with FKRP mutations. The
details of the article are reported in Table 6.

Table 6. Motor outcome measures in patients with FKRP mutations (6MWT: 6 min walk test; MHFMS:
Modified Hammersmith Motor Function; PEDI: Pediatric Evaluation of Disability Inventory; PUL:
Performance of Upper Limb; TFTs: timed function tests).

Authors, Year s:,lsl:gl Tz];l:;[e]gf (Sizf,aSn; I;,leAge) Assessment Results
Mean annual change in tests of motor function:
Strength test: elbow flexion 0.80 (0.08 to 1.52);
elbow extension 0.86 (0.31 to 1.42); shoulder
abduction 0.47 (0.04 to 0.91); knee extension
an. 0.78 (—0.84 to 2.40); knee flexion 1.23 (—0.19 to
FKRP n A_ ioétlﬁ gt/\i(:’:/[ 2.66); hand grip 3.29 (1.23 to 5.35). 6MWT:
. § : Myometr —23.41 m (—40.50 to -6.31). MHEMS: —0.65
mutations 14.1 years Y Y .
(11.8-18.1) 6MWT, MHFMS, (—0.90 to —0.39). PEDI: —1..33 (—3.47 .tO 0.08).
PEDI, PUL, TFTs. PUL:-0.55 (—1.36 to 0.25). Timed function tests:
10 m walking speed —0.16 m/s (—0.22 to —0.10);
climbing stairs —0.13 steps/s (—0.18 to 0.07);
arising from supine position —0.03 rise/s
(—0.04 to —0.02).
Mean annual change in tests of motor function:
Strength test: elbow flexion 2.77 (1.66 to 3.88);
elbow extension 2.16 (1.32 to 3.00); shoulder
abduction 1.24 (0.58 to 1.90); knee extension 5.27
. . n=6;2F/4 M. (3.16 to 7.37); knee flexion 3.60 (1.52 to 5.69).
Gedlinskeetal,  Caseseries oy vo0us  Ageat last visit: 6MWT: 19.03 m (0.21 to 37.86). MHFMS: —0.11
2020 [17] Longitudinal C.826> A 17.3 years (—0.57 to 0.35). PEDL: 2.79 (0.12 to 5.45). PUL:
(14.5-18.1) —0.21 (—4.34 t0 3.92). Timed function tests:
10 m walking speed —0.03 m/s (—0.11 to 0.05);
climbing stairs —0.01 steps/s (—0.09 to 0.07);
arising from supine position
—0.01 rise/s (—0.03 to 0.00).
Mean annual change in tests of motor function:
Strength test: elbow flexion 0.16 (—0.48 to 0.80);
elbow extension 0.39 (—0.12 to 0.91); shoulder
abduction 0.12 (—0.32 to 0.55); knee extension
n=24;8F/16 M. —0.69 (—1.92 to 0.53); knee flexion 0.28 (—1.12 to
Other FKRP Age at last visit: 1.67). 6MWT: —35.53 m (—47.50 to —23.66).
genotypes 13.7 years MHEFMS: —0.90 (—1.18 to —0.62). PEDI: —2.94
(11.2-17.9) (—4.26 to —1.62). PUL: —0.84 (—2.48 to 0.79).

Timed function tests: 10 m walking speed

—0.20 m/s (—0.25 to —0.15); climbing stairs

—0.17 steps/s (—0.22 to —0.12); arising from
supine position —0.04 rise/s (—0.05 to —0.03).

3.2.7. Studies in Patients with Various Forms of CMD

We found six articles regarding motor outcomes in patients with various forms of
CMD. The details of the articles are reported in Table 7.
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4. Discussion

The scoping review method enabled an exhaustive literature search, a definition of
the current level of knowledge, and the identification of gaps with respect to the current
knowledge of motor function in pediatric patients with congenital muscular dystrophies.

This study confirms that data published in the last 20 years on motor outcomes in
patients with CMD are limited. Only 16 articles on this topic were found, of which 2 focused
on COLVI-RD [8,9], 1 on LMNA-RD [10], 2 on LAMA2-RD [11,12], 2 on FCMD [14,15], 2 on
SEPN1-MD [15,16], 1 on FKRP mutations [17], and 6 on different forms of CMD [18-23].

As already reported by Zambon et al., the rarity of these diseases and the great pheno-
typic heterogeneity make large and comparable studies complex [5]. In this regard, attention
is drawn to the pathologies analyzed in the selected articles. Despite the presence of numer-
ous forms of CMD, most of the studies focused on the most represented and well-known
forms (COLVI-RD, FCMD, LMNA-RD, LAMA2-RD, SEPN1-MD, FKRP). Only two articles
mentioned other forms, although they are grouped in a single analysis category [19,21].

Out of the 16 studies selected, 11 were cross-sectional studies. Only five studies were lon-
gitudinal and therefore analyzed the progression of motor function over time [11,15,17,18,22].
The durations of these longitudinal studies varied but were generally short and do not allow
broad trend curves to be drawn. Two articles showed results from the same sample of patients
to whom different inclusion criteria were applied [18,22]. In fact, 44 of the 48 patients included
in the study by Le Goff et al. were included in the study by Jain et al,, i.e., all those with
a diagnosis of LAMA2-RD or COL6-RD and with the completion of at least two MFM-32
evaluations one year apart. The cross-sectional studies provided information on the motor
and functional aspects of the different forms of CMD, describing their common characteristics.
However, they do not allow the evolution of the disease over time to be delineated.

The age ranges of the patients varied. Only 8 out of 16 studies showed results from
exclusively pediatric patients (0-18 years), although with different age ranges. The other
8 studies included samples of pediatric and adult patients, almost always without distinc-
tion in the analysis.

Nevertheless, interesting preliminary data emerged regarding the progression of
motor function in patients with LAMA2-RD, COL6-RD, SPN1-RM, and FKRP mutations.

In patients with LAMA2-RD, an annual linear reduction of 6.6° for right elbow flexion
and 3.1° for knee flexion was described in the article by Zambon et al. [11], and an annual
reduction of 3.21° for left elbow extension in the article by Jain et al. [18]. In the study by
Jain et al., a decrement of 2.60 points each year emerged on the MFMB32 scale [18]. This
decrement was confirmed by the study of Le Goff et al., which showed a greater loss of
score in the items related to axial and proximal function (—1.59 points per year) [22].

In patients with COL6-RD, an annual decrease of 4.01 points on the MFM32 scale was
described in the study by Jain et al. [18] and confirmed by the study of Le Goff [22]. The
domain in which there was the greatest loss of function was that of standing position and
transfers (—1.99 points per year) [22].

In patients with SPN1-RM, an annual change of —0.55 points on the HFMS scale was
estimated [15].

In patients with FKRP mutations, average annual decreases of 23.41 m at 6MWT,
0.65 points on the MHFMS scale, 1.33 on the PEDI scale, and 0.55 on the PUL scale were
reported [17].

Additional larger longitudinal studies differentiated by pediatric age and adulthood with
planned follow-up would be recommended to study the course of the diseases over time, better
understand the characteristics of the different forms, and trace natural history trajectories.
This would also be useful for identifying the outcome measures for trial readiness, as well as
implementing innovative care and rehabilitation techniques in clinical practice. This incitement
has been partly received by scientific and patient communities. Some disease registries
have recently been proposed, such as the Global Registry for COL6-related dystrophies
(NCT04020159) or the Global FKRP Registry (NCT04001595), and some natural history studies
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for clinical trial readiness have been registered such as the study of dystroglycanopathies
(NCTO00313677) or the study of patients with SEPN1 or LAMA2 mutations (NCT04478981).

Another feature that emerged is the heterogeneity of the assessment tools used in the
studies. In 10 out of 16 papers, motor assessment instruments, such as functional scales and
time tests, were used (see Table 8). In the other six papers, anamnestic data and information
acquired during clinical assessments were analyzed.

Table 8. Assessment tools used in the various selected studies (MFM32: Motor Function Measure;
GMFM: Gross Motor Function Measure; HMFS: Hammersmith Motor Function; MHFMS: Modified
Hammersmith Motor Function; PEDI: Pediatric Evaluation of Disability Inventory; NSAA: North Star
Ambulatory Assessment; TFTs: timed function tests; 6MWT: 6 min walk test; Jebsen: Jebsen-Taylor
Hand Function Test; PUL: Performance of Upper Limb; Brooke scale; QUEST: Quality of Upper
Extremity Skills Test).

The Upper
Limb
Function
Measure of
Muscular
Dystrophy

The
NM-
MFM32 GMFM HFMS PEDI NSAA TFTs Score 6MWT JEBSENPUL Brooke QUEST
Classifi-
cation

Natera-de et al.,
2021 [9]

Harada et al.,
2022 [13]

Silwal et al.,
2020 [15]

Gedlinske et al.,

2020 [17] g;;;y X X X X

Jain et al.,
2019 [18]

Vuillerot et al.,
2014 [19]

Bendixen et al.,
2017 [20]

Vuillerot et al.,
2014 [21]

Le Goff et al.,
2021 [22]

Meilleur et al., N x N N N N
2015 [23]

Highlighted with ‘x” are which rating scales were used in the various studies.

The absence of evaluation instruments specifically validated for these diseases should
be underlined. The functional assessment scales reported have been validated for the
assessment of patients with neuromuscular disease or other specific neuromuscular diseases
or other motor disorders. The scales used were the Motor Function Measure (MFM32),
Gross Motor Function Measure (GMFM), Hammersmith Motor Function (HFMS), Modified
Hammersmith Motor Function (MHEMS), Pediatric Evaluation of Disability Inventory
(PEDI), North Star Ambulatory Assessment (NSAA), timed function tests (TFTs), NM-
Score classification, 6 min walk test (6MWT), Jebsen Taylor Hand Function Test (Jebsen),
Performance of Upper Limb (PUL), Brooke scale, Quality of Upper Extremity Skills Test
(QUEST), and Upper Limb Function Measure of Muscular Dystrophy. The tools cited allow
the different motor and functional aspects to be assessed. According to the scale, it is
possible to obtain results relating to gross motor functions, fine motor functions, upper
limb abilities, fatigability, and speed of execution. In addition, some articles included
instruments for measuring joint range and strength.
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As can be seen in Table 8, the MFM32 scale was the most used instrument for the
assessment of patients with CMD. The subdivision into domains (D1, standing and trans-
fers; D2, axial and proximal motor function; and D3, distal motor function) allows for
a comprehensive assessment of motor function [22]. It should be noted that patients with
CMD were also included in the validation study of this scale [24].

The study by Meilleur et al. on patients with COL6-RD and LAMA2-RD showed a high
association between the MFM32 scale and HFMS. The MFM32 provides more information, so
it may be more convenient for the assessment of patients with CMD. However, it should be
pointed out that some difficulties related to muscle contractures interfered with some tasks,
either due to the inability to reach the initial position or the inability to complete the items [23].

The NSAA scale, which has been validated for patients with Duchenne muscular
dystrophy [25] and spinal muscular atrophy type 3 [26], includes the assessment of more
complex skills, which is useful for patients with better motor functioning who show ceiling
effects on the MFM32 scale. It could, therefore, be a complementary tool [23].

With respect to upper limb function, the QUEST showed associations with the total
score from the MFMB32 in patients with COL6-RD and LAMA2-RD. However, further
investigations are ongoing to understand which of these tools is more appropriate [23].

There were no studies describing the use of functional assessment scales in CMD
patients in the neonatal period. However, it would be interesting to identify the most
appropriate tool among the Chop Intend scale, the HFMS [27], or the recently proposed
module of the Hammersmith Neonatal Neurological Examination (HNEE) for neonates
with SMA [28].

Finally, the presence of contractures should be taken into consideration. The most
frequently described muscle contractures are at the level of the long flexors of the fingers,
elbows, knees, hips, and Achilles tendons. The interference reported in the MFM32 scale
scores [23] can be expanded to all functional assessment scales, as the presence of con-
tractures, regardless of the body area, limits functionality. Moreover, in some scales, not
reaching the initial position corresponds to not scoring. This could represent a bias for
those patients who, although limited by contractures, manage to complete the task anyway
by implementing compensation strategies. The contractures may also highlight strength
deficits when strength is assessed with the MRC scale or myometry [27].

As already highlighted at the 173rd ENMC international workshop on CMD, there
is a need to identify the best motor and functional outcome tools for the assessment of
patients with CMD [27].

The scientific community has made efforts in recent years, although studies only
concern some of the forms and are still quantitatively limited.

It would be useful to refine research by focusing on additional parameters, such as age,
stage of disease, residual motor function, form, and neurophysiological assessments, even if
in the related literature, data are limited because of lower levels of compliance in pediatric
age. This would make studies conducted in different centres comparable and aggregable.

5. Conclusions

In recent decades, the implementation of standards of care has changed the survival of
patients suffering from congenital muscular dystrophies. Moreover, new genetic diagnostic
techniques have made it possible to identify an increasing number of different forms.

There is an increasing need for larger longitudinal natural history studies, which are
essential to identifying motor outcome measures for trial readiness, as well as implementing
innovative treatment and rehabilitation techniques in clinical practice.

As can be seen from this scoping review, the scientific community, especially in recent
years, has begun to respond to this challenge. However, it is essential to further expand
the knowledge of the forms that have already been studied and proceed with new studies
for the forms that are still underinvestigated. Finally, it would be advisable to define the
most appropriate evaluation tools so that they can be used in a more homogeneous and,
therefore, comparable manner.

114



Appl. Sci. 2023, 13, 1204

Author Contributions: Conceptualization, I.C., T.M., and ES.R.; methodology, I.C., R.D., C.B,, E.P,
T.M. and ES.R,; validation, I.C., R.D., C.B,, EP, ER, E.R. and ES.R; formal analysis, I.C., R.D., C.B.
and ES.R,; investigation, I.C., R.D. and ES.R,; resources, I.C.; data curation, I.C.; writing—original
draft preparation, I.C.; writing—review and editing, .C., R.D.,C.B,, EP, ER,, ER, TM. and ES.R;;
visualization, T.M. and ER.; supervision, T.M. and ER. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are openly available in publicly
accessible repositories (Pubmed /MEDLINE, Embase).

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A
Pubmed search string

((("Muscular Dystrophies”[Mesh] OR “muscular dystroph*”[tiab]) AND (“congeni-
tal”[Subheading] OR congenit*[tiab] OR connatal[tiab] OR CMDJ[tiab] OR Autosomal[tiab]
OR inherit*[tiab] OR inborn[tiab] OR heredit*[tiab])) OR “Muscular Dystrophy, Congen-
ital, due to Partial LAMA?2 Deficiency”[Supplementary Concept] OR “Muscular dys-
trophy congenital, merosin negative”[Supplementary Concept] OR “Bethlem myopa-
thy”[Supplementary Concept] OR “Walker-Warburg Syndrome”[Mesh] OR “Muscular Dys-
trophy, Emery-Dreifuss”[Mesh] OR alpha-dystroglycanopath*[tiab] OR alpha-DGP[tiab]
OR “Walker-Warburg”[tiab] OR “Warburg syndrom*”[tiab] OR “Muscle-Eye-Brain Dis-
ease*”[tiab] OR COD-MDJ[tiab] OR “Emery Dreifuss”[tiab] OR laminopath*[tiab] OR "Beth-
lem myopath*”[tiab] OR ((Ulrich*[tiab] OR Ullrich*[tiab] OR “laminin alpha 2”[Supplemen-
tary Concept] OR laminin-alpha2[tiab] OR LAMAZ2[tiab] OR “laminin alpha 2”[tiab] OR
“Laminin”[Mesh] OR merosin[tiab] “OR Collagen Type VI”[Mesh] OR “collagen VI”[tiab]
OR “collagen type VI”[tiab] OR Col6[tiab] OR col6A*[tiab] OR Col-6[tiab] OR col-6A*[tiab]
OR "Dystroglycans”[Mesh] OR alpha-dystroglycan*[tiab] OR a-dystroglycan*[tiab] OR
FKTN[tiab] OR POMT*[tiab] OR FKRP[tiab] OR POMGNT*[tiab] OR ISPDJ[tiab] OR
B3GNT*[tiab] OR GMPPB[tiab] OR DPM1[tiab] OR DPM2[tiab] OR ALG13[tiab] OR
B3GALNT*[tiab] OR RXYLT*[tiab] OR “Lamin Type A”[Mesh] OR “lamin A-C”[tiab] OR
“lamin A /C”[tiab] OR LMNA[tiab]) AND dystroph*[tiab])) AND (“Motor Skills”[Mesh]
OR “Range of Motion, Articular'[Mesh] OR “Movement”[Mesh] OR motion[tiab] OR mo-
tor[tiab] OR movement*[tiab] OR locomot*[tiab] OR mobility[tiab] OR ambulat*[tiab] OR
walking*[tiab] OR “Scoliosis”[Mesh] OR scolios*[tiab] OR “Natural History”[Mesh] OR
“natural history”[tiab]).

Embase search string

("motor performance’/exp OR ‘motor skills in infancy and childhood’/exp OR ‘move-
ment (physiology)’/exp OR ‘scoliosis’/exp OR ‘history’/exp OR motion:ab,ti OR mo-
tor:ab,ti OR movement*:ab,ti OR locomot*:ab,ti OR mobility:ab,ti OR ambulat*:ab,ti OR
walking*:ab,ti OR ‘natural hystory”:ab,ti OR scolios*:ab,ti) AND ((‘muscular dystrophy’/exp
AND (congenit*:ab,ti OR connatal:ab,ti OR cmd:ab,ti OR autosomal:ab,ti OR inherit*:ab,ti
OR inborn*:ab,ti OR heredit*:ab,ti) OR ‘congenital muscular dystrophy type 1a’/exp OR
‘merosin deficient congenital muscular dystrophy’/exp OR ‘merosin’/exp OR ‘bethlem
myopathy’/exp OR ‘walker warburg syndrome’/exp OR ‘emery dreifuss muscular dys-
trophy’/exp OR ‘alpha dystroglycanopathy’/exp OR ‘muscle eye brain disease’/exp OR
‘laminopathy’/exp OR “ullrich congenital muscular dystrophy’/exp OR ‘laminin’/exp OR
‘laminin alpha?2’/exp OR ‘collagen type 6’/exp OR “dystroglycan’/exp OR ‘alpha dystrogly-
can’/exp OR ‘lamin a’/exp OR “alpha dystroglycanopath*":ab,ti OR ‘alpha dgp’:ab,ti OR
‘walker-warburg’:ab,ti OR “‘warburg syndrom*’:ab,ti OR ‘muscle-eye-brain disease*’:ab,ti OR
‘cod md”:ab,ti OR ‘emery dreifuss’:ab,ti OR laminopath*:ab,ti OR ‘bethlem myopath*":ab,ti
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OR ulrich*:ab,ti OR ullrich*:ab OR ‘laminin alpha2”:ab,ti OR lama2:ab,ti OR ‘laminin alpha
2":ab,ti OR merosin:ab,ti OR ‘collagen vi’:ab,ti OR ‘collagen type vi":ab,ti OR col6:ab,ti OR
col6a*:ab,ti OR ‘col 6”:ab,ti OR “col 6a*":ab,ti OR ‘alpha dystroglycan*":ab,ti OR ‘a dystrogly-
can*:ab,ti OR fkin:ab,ti OR pomt*:ab,ti OR fkrp:ab,ti OR pomgnt*:ab,ti OR ispd:ab,ti OR
b3gnt*:ab,ti OR gmppb:ab,ti OR dpm1:ab,ti OR dpm?2:ab,ti OR alg13:ab,ti OR b3galnt*:ab,ti
OR rxylt*:ab,ti OR ‘lamin a-c”:ab,ti OR ‘lamin a/c":ab,ti OR Imna:ab,ti) AND dystroph*:ab,ti).
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Abstract: Introduction: Immune Checkpoint Inhibitor (ICI) drugs have led to a revolution in the
treatment of different forms of cancer, shifting the target of action from cancer cells to the patient’s
immune system, enhancing their responses against the tumor itself. On the other hand, this mecha-
nism can lead to responses against oneself, with the appearance of immune-related adverse events.
The aim of the present study was to examine the immune-related adverse events (irAEs) affecting the
mucous membranes of the oral cavity and the possible correlation between these and skin toxicities,
which are reported in the literature as the most common adverse events. Materials and methods:
Thirteen patients treated with anti-Programmed Death (PD-1) drugs (pembrolizumab, nivolumab,
and cemiplimab) were selected. The data collected include the general history of the patient and the
type of anticancer treatment. The sample was then analyzed by recording the alterations found on
the mucous membranes of the oral cavity and on the skin. Finally, the average time that elapsed
between the start of immunotherapy and the onset of lesions was analyzed. Results: Patients often
had multiple lesions at the same time. Hyperkeratosis was found in three patients, candidiasis
(pseudomembranous and median rhomboid glossitis) in two patients, epithelial atrophy in four
patients, and ulcerative areas in two patients. One patient reported xerostomia with dysphagia. The
anatomical areas most involved were the dorsal tongue and palate. Skin irAEs included skin rash ery-
thema (n = 7) with diffuse redness, the presence of small bubbles with a crusty outcome, and dryness
of the skin in the affected areas. Discussion: In the literature, there are few studies that analyze how
irAEs affect the mucous membranes of the oral cavity in patients treated with ICI drugs. The most
frequently described lesions are lichenoid reactions and xerostomia. Moreover, the development of
mucositis, generally of low grade, has been reported. The present study has confirmed the data from
the literature and, in addition, reports two cases of candidiasis, an adverse event that has never been
shown in the literature. Conclusions: irAEs have the potential to affect any organ. The only way
to avoid the occurrence of serious events that is currently available is early interception, which is
only possible through the knowledge of these manifestations. It is therefore considered necessary to
deepen our knowledge of oral irAEs and their correlation with dermatological toxicities, allowing
for a multidisciplinary classification of the patient and a timely diagnosis of any adverse event and
avoiding progression to more advanced stages, which could lead to the temporary or permanent
suspension of anticancer drugs.

Keywords: cancer therapy; immunotherapy; oral adverse events; oral disease; oral lesions

1. Introduction

Immune Checkpoint Inhibitor (ICI) drugs are a new category of anticancer drugs able
to act on the patient’s immune system, enhancing its response against cancer cells and
restoring the state of immunosurveillance [1,2]. Responses obtained through this approach
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have led to objective results, such as reduction of tumor mass, and to an increase in survival
compared to traditional therapies [1].

Another characteristic that distinguishes immunotherapy is the ability to establish an
immunological memory, allowing it to have lasting responses over time, improving the
progression-free survival of the disease and overall survival [3].

Nowadays, the most popular drugs in cancer immunotherapy are monoclonal antibod-
ies, which act at two immune checkpoints CTLA-4 (Cytotoxic T-Lymphocyte-Associated
Antigen 4) and PD-1/PDL-1 (Programmed Cell Death Protein-1), receptors with immuno-
suppressive functions. The receptor-antibody binding inhibits the immunosuppressive
signal, allowing T-lymphocytes to continue to proliferate and play a defensive role in
the tumor microenvironment [4,5]. Although antitumor cytotoxic activity is therefore
favored, this mechanism of action may lead to the onset of immune-related adverse events
(irAEs) [6]. The organs that are the most involved are the colon, liver, lungs, pituitary gland,
thyroid, and skin, although less common adverse events have been described affecting the
heart, nervous system, and other organs [7].

There are many studies in the literature that analyze irAEs, but few are related to
the oral mucous membranes. In this study, oral manifestations were examined during
immunotherapy with ICI drugs, with anti-PD-1 drugs in particular. The aim of the study
was to evaluate the type of lesions, the timing with which they occur during treatment, and
the response to treatment. In addition, since the reported cutaneous irAEs had the highest
incidence rate, a possible correlation between skin changes and intraoral manifestations
was examined.

2. Materials and Methods

Thirteen patients treated with anti-PD-1 drugs (pembrolizumab, nivolumab, and cemi-
plimab) were selected. Two patients were excluded from the study due to discontinuation
of immunotherapy following the first administration. Data were collected on the general
history of each patient: age, sex, remote pathological history with any drugs taken, and tu-
mor diagnosis. In addition, information related to immunotherapy treatment was collected:
type of drug, dosage of the drug, date of first infusion, and frequency of infusions. It was
reported whether the patient had undergone combined treatment with chemotherapy or
radiotherapy. The sample was then analyzed by recording the alterations found. Finally,
the median time between the start of immunotherapy and the onset of lesions on the oral
mucous membranes and skin were analyzed in relation to the number of infusions.

Patients were evaluated after the first administration (average duration: 19.3 days)
of the immunosuppressant drug. Follow-up visits were carried out following subsequent
infusions, up to the 10th infusion. On each visit, any changes to the oral mucous membranes
or skin were reported (Table 1).
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3. Results

The mean age of patients was 67 years (range: 36-81). Cancer diagnoses included lung
adenocarcinoma (n = 6), urothelial cancer (1 = 2), oral squamous cell carcinoma (n = 2),
parotid cancer (n = 1), squamous skin cancer (n = 1), and melanoma (n = 1). Ten patients
were treated with pembrolizumab at a dosage of 200 mg every three weeks; two patients
received treatment with nivolumab at a dosage of 240 mg every two weeks; and only one
patient was treated with cemiplimab at a dosage of 350 mg every three weeks. In addition,
three patients received adjuvant treatment with radiotherapy, and the other three patients
received chemotherapy.

3.1. Oral irEAs

Oral immune-related adverse events are reported in Table 2.

Table 2. Oral immune-related adverse events.

Patient

Anti-PD-1 Dose

Clinical Description

Type of Lesion

Anatomical Site

Therapy

for Oral irAEs
1 Nothing to detect Nothing to detect Nothing to detect Nothing to detect
Epithelial atrophy Aminogam®
2 Erythematous area without dysplasia Palate mouthwash 1st dose
3 Nothing to detect Nothing to detect Nothing to detect Nothing to detect
Removable whitish plates Candidiasis Nystatin
(pseudomembranous Dorsal tongue G 3rd dose
4 Erythematous area T . Mucosamin
. candidiasis, median Oral mucous membranes 9th dose
Xerostomia . " mouthwash
rhomboid glossitis)
5 Nothing to detect Nothing to detect Nothing to detect Nothing to detect
- . . Palate Aminogam®
6 Non-removable whitish lesions Hyperkeratosis Cheek mucosa mouthwash 4th dose
; ®
7 Non-removable white lesions Hyperkeratosis Dorsal tongue Aminogam 3rd dose
Palate mouthwash
8 Nothing to detect Nothing to detect Nothing to detect Nothing to detect ~ Nothing to detect
9 Nothing to detect Nothing to detect Nothing to detect Nothing to detect
Epithelial atrophy
10 Erythematous and ulcerative areas without dysplasia Palate 2nd dose
Ulcer
11 Nothing to detect Nothing to detect Nothing to detect Nothing to detect ~ Nothing to detect
Epithelial atrophy . ®
12 Non-removable whitish lesions and hyperkeratosis Cheek Aminogam 4th dose
. . Dorsal tongue mouthwash
without dysplasia
Erythematous area Epthehal atrop hy Palatg
without dysplasia Tuberosity . 2nd dose
13 Ulcer Nystatin
Removable whitish plates Ulcer Dorsal tongue 4th dose
Candidiasis Alveolar process

Patients often had multiple lesions at the same time. Hyperkeratosis was found in
three patients, candidiasis (pseudomembranous and median rhomboid glossitis) in two
patients, epithelial atrophy in four patients, and ulcerative areas in two patients. One
patient reported xerostomia with dysphagia. The anatomical areas most involved were the
dorsal tongue and palate.

The sites affected by hyperkeratosis included the palate, cheek mucosa, and dorsal
tongue (Figure 1). Candidiasis (Figures 2 and 3) presented itself with a pseudomembranous
type (Figure 2) or as a median rhomboid glossitis (Figure 3). Erythematous areas (Figure 4),
with epithelial atrophy, as well as ulcerative lesions (Figures 5 and 6), were found mainly
on the palate.

121



Appl. Sci. 2022, 12, 12994

Figure 1. Patchy, erythematous depapillation of the dorsal tongue with regions of elongated filliform
papillae. Histological examination showed a picture of atrophy as well as a hyperkeratosis without
dysplasia (Patient no. 12, Table 2).

Figure 2. Removable whitish plaques associated with pseudomembranous candidiasis (Patient no. 4,
Table 2).
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Figure 3. Atrophic area of dorsal tongue associated with median rhomboid glossitis (Patient no. 4,
Table 2).

Figure 4. Mucosal erythema, palate (Patient no. 2, Table 2).
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Figure 5. Ulcerative lesion of the hard palate (Patient no. 13, Table 2).

Figure 6. Ulcerative area of the palate (Patient no. 10, Table 2).
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Generally, oral alterations were reported at a minimum after the second infusion;
in only one patient was an atrophic area in the palate reported after the first dose of
pembrolizumab. The event with the earliest onset was found to be mucosal erythema;
hyperkeratotic lesions developed between the third /fourth infusion of anti-PD-1 inhibitor
therapy. The same timing was reported for the development of candidiasis of the oral
mucous membranes, while xerostomia was found later, following the ninth infusion.

Oral candidiasis was diagnosed after an oral swab and a culture test in order to report
the amount of the infectious load.

All the nonremovable whitish and reddish lesions were subjected to biopsy and
histological examination.

The administration of steroids was generally avoided due to the immunological status
of the patients. Ulcerative and erythematous lesions showed complete recovery 10-15
days after the topical administration of hyaluronic acid. Candidiasis was treated with the
administration of antifungal drugs (nystatin).

Finally, six patients did not show significant oral alterations.

3.2. Cutaneous irAEs

In the skin, the only adverse event reported was skin rash erythema (Figures 7 and 8)
found in seven patients. The clinical manifestations included widespread redness, small
blisters with the development of crusts as a result of maceration (Figures 9 and 10), and
dryness of the skin in the affected areas. Patients also complained of moderate-to-intense
itching. The most frequently affected areas are the abdomen, upper and lower limbs, back,
face, and chest. All patients, following dermatological consultation, were treated with
topical steroids and reported clinical and symptomatic improvement.

In five patients, skin erythema developed following the third infusion; in only two
cases, a more rapid onset was recorded, following the first and second infusions (Table 3).

Figure 7. Skin rash erythema (Patient no. 7, Table 3).
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Figure 8. Skin rash erythema (Patient no. 7, Table 3).

Figure 9. Leg erythema (Patient no. 6, Table 3).
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'

Figure 10. Arm erythema (Patient no. 10, Table 3).

Table 3. Skin immune-related adverse events.

Patient Lesion Body Area Treatment Dermatological Anti-PD-1 Dose
1 Nothing to detect Nothing to detect Nothing to detect Nothing to detect
2 Nothing to detect Nothing to detect Nothing to detect Nothing to detect
3 Nothing to detect Nothing to detect Nothing to detect Nothing to detect
4 ERYTHEMA BACK TOPICAL STEROID 3rd dose
5 Nothing to detect Nothing to detect Nothing to detect Nothing to detect
6 ERYTHEMA LEGS TOPICAL STEROID 3rd dose
7 ERYTHEMA ABDOMEN TOPICAL STEROID 3rd dose
8 Nothing to detect Nothing to detect Nothing to detect Nothing to detect
9 Nothing to detect Nothing to detect Nothing to detect Nothing to detect

10 ERYTHEMA ARMS, LEGS, ABDOMEN  TOPICAL STEROID 3rd dose
11 ERYTHEMA FACE, CHEST TOPICAL STEROID 3rd dose
12 ERYTHEMA ABDOMEN TOPICAL STEROID 1st dose
13 ERYTHEMA ABDOMEN TOPICAL STEROID 2nd dose

4. Discussion

The multiple toxicities reported following treatment with ICI drugs require a multidis-
ciplinary approach. Early interception, with resolution or improvement of the lesion, could
avoid the interruption of the immunotherapy and the management of severe sequelae.

In terms of overall toxicity, PD-1/PDL-1 inhibitor therapy has a better safety profile
than drugs directed against the CTLA-4 receptor. The difference in behavior would seem to
depend on the different localization of the two receptors: while CTLA-4 is present in T cells
and regulatory T cells (T-REG) and its activation inhibits the immune response at an early
stage, the PD-1 receptor is expressed mainly in peripheral tissues and in the tumor envi-
ronment. The PD-1 inhibitor appears to target T cells with greater specificity [8]. For these
reasons, CTLA-4 inhibitors lead to a broader immune response, with a greater occurrence
of adverse events than PD-1/PDL-1 inhibitors. Inmune-related adverse events in the skin
and oral mucous membranes seem to have a different trend: these manifestations are more
associated with treatment with anti-PD-1 drugs than with anti-CTLA-4 drugs [9]. From
the analysis of the literature and our clinical experience, the correlation between therapy
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with ICI drugs and the onset of irAEs appears certain. The duration of administration may
influence the onset of irAEs, since we have seen that episodes often occur after the first
administration of the drug. It should also be emphasized that the aforementioned therapy
can, sometimes, be combined with other types of treatments (e.g., chemotherapy), which
often lead to a greater appearance of adverse reactions in many areas. It should be expected
that the adverse reactions associated with the combined use of ICI drugs and chemotherapy
may be more difficult to cure than with just one of these causal factors.

The present study, in accordance with the scientific literature, reported lichenoid
reactions among the most frequent oral alterations associated with PD-1-born therapy.
Clinically, they appear as whitish and reticulated plaques (Wickham'’s striae), located
mainly at the level of the cheek mucosa, lingual dorsum, and palate. They are generally
asymptomatic and occur unilaterally, unlike oral lichen planus, where the distribution is
characteristically bilateral. The onset is between the third and fourth doses of the drug,
while later onset is described in the literature [10]. In addition, several studies have
described the presence of erosive and atrophic elements in the context of whitish plaques
that can lead to painful symptoms [11].

In three patients, erythematous areas of the cheek mucosa were found to appear at an
early stage of treatment, between the first and second infusion of the drug. In the literature,
such manifestations have been described as mucositis and concomitant appearance of
ulcerative lesions [12]. They generally present low severity [1,2], while cases of severe
immune mucositis associated with esophagitis are rare [13]. Among the examined patients,
two reported the appearance of ulcerative lesions in the context of erythematous areas on
the palate. Patients reported no painful symptoms as a result of these alterations. Following
the appearance of the ulcerative lesion, only one patient complained of mild burning.

While no cases of candidiasis associated with patients receiving anti-PD-1 drugs are
reported in the literature, candida infections were recorded in two cases, between the third
and fourth infusions of the drug. In the first case, the fungal infection was not associated
with other alterations in the oral mucous membranes, while in the second case, it arose
in an inflammatory context. In a patient with skin cancer, the candidiasis and xerostomia
could also be due to the radiation regimen.

Xerostomia is reported in the literature as the second most frequent oral adverse event
following treatment with ICI, described as having an incidence of 6-7.2% [14]. The present
study found only one case of xerostomia associated with difficulty swallowing. Often,
the dryness of the mucous membranes also causes dysgeusia. Other reported symptoms
include thick or sticky saliva, dry throat with hoarseness, and sensitivity to spicy and acidic
foods. Cases of dry mouth with a high degree of severity have also been reported, which
required temporary or permanent discontinuation of the ICI drug [15].

The most frequent oral adverse events, following treatment with anti-PD-1 drugs,
therefore include mucositis, xerostomia, dysgeusia, and lichenoid reactions. Only one
study described a case of pemphigoid of mucous membranes following therapy with
pembrolizumab (PD-1) [16].

In the present study, six of seven patients with cutaneous irAEs also developed oral
alterations. Only in two patients was this correlation not found: in one case, the presence
of erythema on the face and chest was found, without any oral manifestation, while
one patient reported inflammation of the palatal mucosa in the absence of skin changes.
Moreover, adverse reactions were found in four of the six patients with lung cancer and
treatment with ICI drugs. It could be analyzed, with a larger number of patients, whether
the type of cancer being treated could be related not only to the onset but also to the type
and location of the lesions that have arisen.

All patients who underwent radiotherapy developed oral lesions. Skin lesions were
found in two of the three patients who received chemotherapy. The lesions found in the
latter patients were always of the erythematous type, while the lesions in patients with
radiotherapy were of both the erythematous and hyperkeratotic type.
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ICI drugs have enabled a revolution in the treatment of cancer diseases, particularly
for advanced cancers that are not responsive to conventional treatments. By contrast, the
introduction of such therapies has led to the appearance of a new toxicity profile. The
possible correlation between the onset of irAEs and the efficacy of the ICI drug has long
been studied: it has been hypothesized that patients who show a better anticancer response,
following treatment with ICI, have at the same time a greater probability of autoimmune
toxicity [17]. This would seem to be caused by a more competent and reactive immune
system, which stops the evolution of tumor pathology but also leads to an increase in
responses against self [18]. Although several studies seem to confirm this relationship,
there are still several disputes: the pathogenesis of these manifestations is not entirely
clear, nor how the site, severity, timing of onset, and management of irAEs can influence
the effectiveness of ICI drugs. Unfortunately, the research on biomarkers of response or
toxicities is still an open field in immuno-oncology and we still do not know why certain
cancer patients did not develop irAEs, and thus future research could be focused on the
identification of toxicity biomarkers (sputum, microbiota). The only weapon currently
available to avoid the occurrence of serious events is early interception, which is only
possible through the knowledge of these manifestations. Close surveillance of patients
being treated with immunosuppressive drugs allows a clinician to make a timely diagnosis
when the adverse event occurs in the initial phase, allowing early treatment and avoid-
ing progression to more advanced stages, which could lead to temporary or permanent
suspension of the anticancer drug itself.

Potentially, irAEs can affect any organ. Adverse events reported more frequently
include cutaneous, gastrointestinal, hepatic, endocrine, pulmonary, renal, rheumatological,
neurological, cardiovascular, pericardial, and ophthalmological toxicity. These manifesta-
tions, in addition to being widely described in the literature, are reported in the guidelines
“Management of Immunotherapy Toxicity” (Aimo, Italian Association of Medical Oncol-
ogy), in which the correct approach for each individual toxicity is examined on the basis
of the severity of these events. With regard to adverse events affecting the oral mucous
membranes, there are not many studies that analyze their characteristics and methods of
onset. It is possible that these events are underestimated as they are often mild or mod-
erate and no symptomatology is associated with them. To intercept them, dedicated and
accurate oral investigation is therefore necessary. For cancer patients planning to initiate im-
munotherapy, oral healthcare providers should be aware of any existing immune-mediated
conditions. ICI therapy may exacerbate pre-existing immune-mediated conditions, and it
is important to be able to distinguish a de novo irAE from exacerbation of an underlying
disease process [19].

In addition, the present study showed an important correlation between skin changes
and oral manifestations. Since dermatologic toxicities are among those with the highest
incidence [20], it is necessary to deepen the investigations regarding irAEs involving the
oral mucosa and introduce these manifestations to the guidelines for the management of
immunotherapy toxicities, thereby providing clinicians with an important aid for their
interception and treatment and improving the quality of life of the patient being treated
with ICI drugs [21].

5. Conclusions

From the analysis of the literature and our clinical experience, the correlation between
therapy with ICI drugs and the onset of irAEs appears certain. This work aims to propose
clinical-diagnostic recommendations for general dentists and oral pathologists who are
faced with certain situations. In the context of the management of oral lesions, pharmaco-
logical treatments (topical steroid therapies, hyaluronic acid drugs, and nystatin in the case
of candidiasis) aiming to reduce the inflammatory state and burning symptomatology are
useful; moreover, laser photobiomodulation treatments to prevent the onset of lesions and
burning symptoms are considered to be a valid therapeutic choice [22]. For whitish lesions,
it is possible to exclude potentially malignant lesions using cold-blade or laser-assisted
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biopsy and consequent histological examinations [23-25], although today, no onset of oral
carcinomas following immunological therapy has been reported in the literature. In general,
patients with a history of an oral irAE must be closely followed by their oral healthcare
provider for flare-ups, recurrence, and/or new oral toxicities. In our study, considering the
small sample size and the low grade of toxicities reported, we cannot evaluate the association
between oral toxicity and tumor response because the patients in the present paper are all on
a follow-up regimen, and a definitive evaluation after such a short period of therapy is still
impossible. Further research is needed to elucidate the mechanism of these oral toxicities as
well as the role they may play in predicting the antitumor efficacy of ICIs [26].
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Abstract: Introduction: The number of people with migrant status living in Europe is proliferating.
Most of the refugees in Italy come from war zones, and many of them denounce having been victims
of persecutory acts in their country of origin. Highly cultured migrant populations have shown better
results and oral health behaviour than those who were poorly cultured. The PROTECT project aimed
to build a network for the early management of head and neck pathologies among refugees and
migrants, promoting the dissemination of correct information about the prevention and treatment of
these pathologies. Materials and methods: A national cross-sectional study among the refugees and
migrant population in the Lazio region, Italy, from February 2018 to September 2021 was performed.
The oral health of 3023 participants was investigated within a network of 56 reception centres and
cultural associations. Data collected via an oral health survey questionnaire gathered information on
participants’ demographic factors, migration status and dental behaviours and clinical examinations
of the participants with the help of mouth mirrors, periodontal probes and artificial light. Results:
The mean age was 31.6 + 13.1, and among all the subjects, 2058 were male (68.1%) and 965 were
women (41.9%). Most participants were born in Nigeria, followed by Bangladesh, Pakistan, Somalia,
Mali and Senegal. The overall oral pain prevalence was 48.2%. The prevalence of patients claiming
poor oral hygiene was 32.4%; 36.2% of the subjects consumed high amounts of sugar; and 26.7%
saw their dentist for a check-up in the last year. At the clinical examination, 68.9% of patients had
caries experience (considering decay of deciduous teeth, and caries of permanent teeth and teeth
with fillings), with 32.2% showing pulpal involvement. Low levels of oral hygiene were also found
at the clinical examination, with 46.5% of patients presenting plaque and calculus. The trend of the
DMEFT index was found to be 5.41. Good periodontal health (CPI = 0) was present in approximately
33.5% of patients. The CPI = 1 index reported bleeding from gingivitis in 37% of patients; tartar was
found in 27% of patients (CPI = 2). The percentage of patients with CPI = 3 was 3.6%. Just over half
(52.2%) of the migrants examined had malocclusion, and only 0.7% had a malocclusion in treatment.
Conclusions: The goal to be achieved is to develop education and prevention programs for head—neck
diseases, and perhaps even more. The first step towards this goal can be removing the obstacles
migrants encounter in accessing health care.

Keywords: migrants; vulnerability; assistance; hospitality; minors; dentistry; inclusion

1. Introduction

The number of people with migrant status living in Europe is proliferating. According
to the United Nations High Commissioner for Refugees (UNCHR), the number of refugees
reached 84 million worldwide in 2021. Most of the refugees in Italy come from war zones,
and many of them denounce having been victims of persecutory acts in their country of
origin [1]. The reasons that lead people to flee are: conflict, COVID-19, poverty, political
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instability and increased globalisation [2]. Over the years, it has been observed that
migrants from middle- and low-income countries migrate to high-income countries such as
the USA, Canada, Australia, and those in Europe. Several factors help to define migrants
as vulnerable: health risks before, during, and after migration; a disease profile different
from that of the host country population; and barriers to accessing health services in host
countries [3]. In the same way, it has become increasingly evident how culture, beliefs,
and ethnic habits can influence oral health practices in migrants [4]. Highly cultured
migrant populations have shown better results and oral health behaviour than those poorly
cultured [5]. Moreover, language, social, and economic barriers make access to care in public
health institutions difficult. Because of the high costs for treatment in private facilities,
there is often a considerable incidence of dental and oral disease in migrant patients. Bad
oral health could affect the quality of life, as it could interfere with daily activities such as
eating and talking. In addition, untreated oral health problems may pose severe risks to
the health of older people, including malnutrition, strokes, heart disease, pneumonia, and
oral and pharyngeal cancers [6]. For all these reasons, new intervention strategies, such as
the PROTECT (Patologie del distRettO TEsta-Collo nei migranTi. Dalla formazione degli
operatori alla diagnosi precoce e presa in carico del paziente: Network Odontoiatrico e
Oftalmologico e Otorinolaringoiatrico e Maxillo-Facciale) project, were created to protect
the health of vulnerable applicants and holders of international protection. The PROTECT
project was funded by the Asylum, Migration, and Integration Fund (FAMI) 2014-2020
of the Ministry of the Interior and co-financed by the European Union. On the one hand,
PROTECT’s activities are concerned with screening actions directly at reception centres or
organisations that deal with refugees and migrants, and subsequently taking early charge
of cases with pathologies to be treated. On the other hand, training and awareness-raising
activities both for healthcare personnel (including those in training) and for the personnel
of reception centres are also areas of concern.

Patients with treated vulnerabilities were minors, unaccompanied foreign minors,
disabled people, pregnant women, single parents with minor children, victims of trafficking,
people with illnesses or mental disorders, and people who have been tortured, raped or
other forms of psychological, physical, and sexual violence.

2. Materials and Methods

The PROTECT project aimed to build a network for early management of head and
neck pathologies among refugees and migrants, promoting the dissemination of correct
information about the prevention and treatment of these pathologies. A national cross-
sectional study among the refugees and migrant population present in the Lazio region,
Italy, from February 2018 to September 2021 was performed. The oral health of 3023 partici-
pants was investigated within a network of 56 reception centres and cultural associations.
The “PROTECT” project was approved by the Department of Oral and Maxillofacial Sci-
ences, Sapienza, University of Rome (Protocol identifying number: 0000839 on 2 October
2018). The protocol was in accordance with the 1975 Declaration of Helsinki on medical
protocols and ethics and its later amendments.

2.1. Data Collection

Data collected via an oral health survey questionnaire gathered information on partici-
pants” demographic factors, migration status, and dental behaviours; clinical examinations
of the participants were performed with the help of mouth mirrors, periodontal probes,
and artificial light. The interviews and oral examinations were performed by trained
and calibrated dentists of the Department of Oral and Maxillofacial Sciences, Sapienza,
University of Rome.
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The screenings took place at both the premises of the reception centres and the premises
of the Policlinico Umberto I, a mobile vehicle was used specifically for visits. The recording
of the pathologies found was carried out through the use a screening folder, with red or
yellow codes, depending on the severity of the disease.

2.2. Questionnaire Information

The questionnaire was administered individually through interviews including the
following areas of interest:

1.  Sociodemographic characteristics: first name; surname; gender; date of birth; age;
country of origin.

2. Dental health-related behaviours: have you ever had an injury in the head and neck
region? (no/yes); Do you brush your teeth at least twice a day? (no/yes); Do you eat
a lot of foods that are highest in sugar? (no/yes); Do you have pain in your mouth
right now? (no/yes); Have you visited the dentist in the past year? (no/yes).

2.3. Clinical Examination

The subjects were examined in the cultural associations, in the reception centres, or
in specially equipped motor vehicles for evaluation of the head and neck region. Three
examiners were calibrated during the examinations on the first 50 patients and generated
a good intra-class correlation coefficient (Kappa = 0.84, range: 0.75-0.91). The dependent
variables investigated were: the sum of decayed, missing, and filled permanent teeth (the
DMEFT index); periodontal disease (periodontal health, gingivitis, suspected periodontitis);
the cumulative periodontal index (CPI); the presence of oral mucosal lesion (yes/no); the
presence of malocclusion (yes/no).

The intraoral clinical evaluation was performed on each patient using a sealed ster-
ilised kit consisting of a mirror and a disposable probe, and cotton rolls to dry the dental
surfaces, with the patient lying down under a good light source (natural light and flu-
orescent lamp). Second-level examinations, such as orthopanoramic radiography, were
requested for the diagnosis of carious lesions (not detectable in the extraoral clinical exami-
nation) and any anomalies in the number and position of the dental elements, and then
carried out in the relevant competent departments at the Umberto I Polyclinic. The data
collected were recorded in the patient’s medical record.

2.4. Data Analysis

Data were evaluated using standard statistical analysis software (version 20.0, Statis-
tical Package for the Social Sciences, IBM Corporation, Armonk, NY, USA). A database
was created using Excel (Microsoft, Redmond, WA, USA). Descriptive statistics, including
mean =+ SD values and percentages were calculated for each variable.

The following continuous and categorical variables were explored: age, gender, na-
tionality, history of trauma to the oral region, oral pain, inadequate oral hygiene, presence
of oral neoformations, presence of pulp exposure, presence of fistulas, presence of abscess,
presence of root surface exposure, the plaque index, and the DMFT scores. Multiple linear
regression analysis was performed to ascertain the effects of independent variables on the
DMEFT scores. Statistical significance was set at p < 0.05.

3. Results

A total of 3023 participants were examined and interviewed. The mean age was
31.6 =+ 13.1, and among all the subjects, 2058 were male (68.1%) and 965 were women
(41.9%). Most participants were born in Nigeria, followed by Bangladesh, Pakistan, Soma-
lia, Mali and Senegal (Figure 1). The overall oral pain prevalence was 48.2%. The prevalence
of patients who claimed poor oral hygiene was 32.4%; 36.2% of the subjects consumed
high sugar; and 26.7% saw their dentist for a check-up in the last year. At the clinical
examination, 68.9% of patients had caries experience (considering decay of deciduous
teeth, and caries of permanent teeth and teeth with fillings), with 32.2% showing pulpal
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involvement. Low levels of oral hygiene were also found at the clinical examination, with
46.5% of patients presenting plaque and calculus. The trend of the DMFT index, which ex-
presses the mean value of dental pathology, was found to be 5.41, determined by the carious
component (Decay: 2.21), the lack of permanent teeth (Missing: 1.78), and the teeth with
fillings (Filling: 1.42) (Figure 2). The multiple regression model statistically significantly
predicted an increase in DMFT scores correlated with an increase in age (p-value = 0.003)
(Table 1). Periodontal health has been expressed with the CPI (Community Periodon-
tal Index) when going to evaluate gingival bleeding, calculus, and periodontal pockets
(3 mm < PD < 6 mm). Good periodontal health (CPI = 0) was present in approximately
33.5% of patients. The CPI = 1 index reported bleeding from gingivitis in 37% of patients;
tartar was found in 27% of patients (CPI = 2). The percentage of patients with CPI = 3 was
3.6%. Just over half (52.2%) of the migrants examined had malocclusion, and only 0.7% had

a malocclusion in treatment.

Figure 1. Percentage of subjects coming from different countries.
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Figure 2. Percentage of the healthy, decayed, missing, and filled teeth on a total of 3023 pa-
tients evaluated.

Table 1. Multiple linear regression results for DMFT scores.

95% C.I. for B

DMEFT Scores f3 Coefficient Lower Upper SEB p-Value
Age 0.090 0.035 0.186 0.153 0.003
Gender 0.360 —0.886 2.645 0.053 0.552
Presence of oral pain 0.730 0.154 1.405 0.221 0.363
Inadequate oral hygiene 0.367 0.106 0.607 0.359 0.103
Plaque index 0.227 —0.004 0.458 0.182 0.084

Note: 3 = unstandardised regression coefficient; SE 3 = standard error of coefficient; C.I. = confidence interval.

4. Discussion

In recent years, the prevalence of caries and periodontal disorders in industrialised
countries has decreased in adults and children due to the use of preventive measures.
However, the data collected by our screening did not show the same situation between
migrants and asylum seekers. Data collected from the literature show that the migrant
status may be related to a higher prevalence of dental caries [7-13] and a lower periodontal
condition [14-16]. Difficulties ensuring access to basic needs for migrant populations, such
as food, water, sanitation, and health care, have been documented in the literature [17].
Research conducted in Colombia in 2019 [18] has suggested and demonstrated that oral
health is considered a secondary problem for vulnerable people who have to change
their lifestyle and adapt to another culture. However, several studies [19,20] show that
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acculturation, defined as “people’s lifestyle and behavioural changes when they move
from one culture and adapt to another culture, usually because of immigration”, affects
oral health. Refugees and asylum seekers have difficulty gaining access to oral health
care [21]. The health system, society, and personal behaviour in the area of oral health
determine access to health care services. The health policy of the host country is a crucial
element in determining access to oral health care. The highest prevalence of caries in the
group of migrants in the research of Ferrazzano et al. [22] was associated with difficulties
in gaining access to health services. Al-Ani et al. (Germany) [23] noted in their study that
the incidence of oral disorders is greater in people with low socioeconomic status, such as
asylum seekers who find themselves having to overcome many difficulties to start their
lives again in a foreign country. The study by Salim et al. [24] reported that pain was the
most commonly presented disorder in 444 patients, stating that more than half of the dental
treatments carried out were extractions, 74.1% of which were due to caries. Similarly, pain
was a common symptom reported by participants in the research of Saadeh et al. [25],
and more than half of the participants reported needing dental care, but not being able to
receive it given their low socioeconomic status. Research by Zinah et al. [26] shows that
periodontal disease and dental caries are the most frequently assessed study conditions.
Salim et al. [27] analysed oral hygiene practices among refugees, noting that most brushed
their teeth less than twice a day, thus having poor oral hygiene. The oral hygiene practices
and behaviours of parents inevitably directly influence the oral health of children. Literacy
and parents’ education regarding good oral health practices may reduce the dmft/DMFT
value for their children [28]. A study conducted in Canada between 2013 and 2016 by
Moreau et al. [29] found that approximately 60% of refugee children had never visited a
dentist before while most Canadian counterparts had seen a dentist in the last year. In our
study, the figure is even more worrying as only a small percentage had performed a visit in
the last year. Finding higher dmft/DMFT values and more common anterior cross-bites in
refugee children, no differences were noted from other types of malocclusion. This project
shows how the problem of the poor oral health of migrants exists and is widely documented
in the literature. As oral health strongly influences the quality of life, it is necessary to
make oral health services more easily accessible to persons in a vulnerable state under
the status of migrant [30]. The screening action is carried out directly in reception centres
and/or organisations that deal with refugees and migrants in the Lazio region, making it
possible to take a snapshot of oral health at the time of legal acceptance of migrant patients
and to highlight a request for necessary care, as also found in the literature. More than
half of the subjects that were examined experienced caries with painful symptoms at the
time of the visit as a result of an impossibility of treatment in the countries of origin and
difficulty in accessing the National Health Service due not only to language barriers but
also to a delay in identifying the legal recognition that facilitates access. The incidence of
caries in our sample is also linked to poor hygiene, as well as to a high intake of sugar,
present in approximately half of the sample, although periodontal problems are not one
of the prevalent problems. In line with the literature, the data show that malocclusions,
detected in half of the sample, are almost entirely not treated, due to socioeconomic status
and access difficulties.

The need for a project such as PROTECT is to improve the quality of life of these
patients after the resolution of the discomforts, often linked to acute painful symptoms of
an inflammatory /infectious nature, which, without early intervention, could lead to even
more severe problems (e.g., neoplasms).

In the present study, it is important to consider the high DMFT score (5.4), likely due
to a “westernization” of the diet favouring caries. Furthermore, worrying is the fact that
the percentage of missing teeth (M) or still decayed (D) is higher than the treated teeth (F),
confirming the need for a campaign to prevent and treat carious pathology in this category
of vulnerable people [31-33]. Moreover, this score contrasts with the values observed in
the epidemiological study of Vano et al. [34], in which the authors reported in a cohort of
adult Italian patients an approximate DMFT score of 4. This difference may be associated
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with the absence of healthy structures to treat and prevent oral pathologies in the country
of origin.

5. Conclusions

PROTECT has been an innovative project of fundamental importance for the ben-
eficiaries, having the ability to involve approximately 4000 people, including operators
of the centres, patients and clinicians. In this project, they found a point of reference
previously unthinkable. Knowledge, prevention, and management of head—neck diseases
(which are often painful and disabling in these patients who, for contingent reasons related
to their condition as migrants, are usually neglected) has led to an improvement in the
quality of life of these patients. In addition, the PROTECT project not only helped multiple
underprivileged people but also provided an understanding of the pathologies that most
commonly occur among migrants. This will make it possible in the future to create even
more targeted and specific and, therefore, more efficient programs.

So, we can conclude that:

- Dental pathologies (especially untreated carious lesions or malocclusions) in migrants
are unfortunately widespread and often neglected.

- Prevention and early intervention avoid hospitalisations and worsening problems.

- PROTECT has been a point of reference for patients and operators of the recep-
tion centres.
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Abstract: Women are two to four times more prone to anterior cruciate ligament (ACL) injuries than
men. This raises questions about the role of the hormonal cycle in knee laxity, which may lead to
increased tibial displacement and thus ACL tears. The objective was to update scientific knowledge
on the influence of the menstrual cycle on knee laxity and the risk of ACL injury, with a focus on
anterior tibial displacement, and on hormonal levels influenced or not by oral contraceptive use.
Observational studies obtained from Pubmed, Web of Sciences and Scopus and published between
2015 and 2022 were included in this review. Studies were required to include data on menstrual cycle
with/without oral contraceptives (OC) and knee laxity and/or ACL injury. A total of ten studies
were selected for this systematic review. Three studies about hormone concentration and knee laxity
showed an increase in estradiol during the ovulatory phase compared to the follicular phase. Of the
five studies on OC, four showed a decrease in ACL laxity. Finally, four studies assessed ACL injury.
The menstrual cycle appears to influence knee laxity in women. An increase in certain hormone levels
was observed in the ovulatory and luteal phases when the anterior tibial translation was greater in
the knee. However, based on the literature, we cannot conclude that there is a correlation between
the menstrual cycle and the risk of ACL injury.

Keywords: anterior cruciate ligament; menstrual cycle; women; knee

1. Introduction

The professionalization of women'’s sports, especially football, considerably raised the
demand for physical training in recent years [1,2], leading to an increase in injuries [3-5].
Epidemiological data indicate that women have a two to four times higher risk of anterior
cruciate ligament (ACL) tears than men [6]. This percentage can be increased up to eight
times in female athletes [7-9]. Since ACL injuries have a considerable impact on quality of
life and medical costs, it is relevant to determine the injury risk caused by the difference in
knee laxity according to the phases of the menstrual cycle. For this reason, knowledge of
the correlation between physiological variation in women during the menstrual cycle and
the risk of injury should be a key issue in the 21st century [10].

The menstrual cycle is defined as a period designating “physiological changes that
occur in fertile women and other female primates for the purpose of sexual reproduc-
tion” [11]. In women, the menstrual cycle has an average duration of 28 days. During this
period, hormonal fluctuations are present and make it possible to differentiate four phases:
pre-ovulatory, ovulatory, post-ovulatory and menstrual. These episodes are controlled by
several hormones, ovarian and steroidal, which each have different actions. During the
pre-ovulatory or follicular phase, there is an increase in estrogen and follicle-stimulating
hormone (FSH) levels [12]. Ovulation, on the other hand, is caused by a spike in luteinizing
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hormone (LH) in synergy with a spike in FSH, produced by an increase in estrogen. Succes-
sively, the post-ovulatory or luteal phase is characterized by an increase in the concentration
of progesterone and inhibition of FSH and LH [13].

The menstrual cycle can be regulated by taking exogenous hormones, for medical
reasons or as a contraceptive method. For these reasons, the use of oral contraceptives (OC)
is increasingly common among young women. To date, no consensus could be reached on
the positive or negative effect of OC on the incidence of ACL injuries [14].

Knee laxity is characterized by the anterior displacement of the tibia on the femur
when a load is applied to the posterior surface of the tibia. The main stabilizer of the
knee, limiting this movement, is the ACL [13]. During excessive anterior translations, this
ligament is put under tension, and can therefore be subject to ruptures. Many studies
have reported greater anterior laxity at the knee in women compared to men, which may
lead to a greater risk of ACL injury [15-17], especially with the onset of puberty [18].
Therefore, hormonal fluctuations in women must be taken into consideration. Indeed,
steroid hormones influence ligament metabolism, as demonstrated by Liu et al. on the
ACL [19]. The estrogens and progesterone exert an action on the synthesis of collagen,
modifying the fibroblastic property and therefore its mechanical resistance to tension. In
fact, correlations between increased blood estrogen concentration and reduced collagen
levels have been observed, due to a decrease in the number of fibroblasts in the ACL [20].
Studies show that a high level of estradiol is responsible for the decrease in fibroblast
proliferation and therefore the synthesis of ligament collagen [19,21,22], which affects
ligament resistance, increasing its elasticity and its vulnerability to injury. Looking at the
composition of the ACL, Faryniarz et al. have identified receptors for relaxin, a hormone
known for its elastic property in tissues [23]. These findings suggest an action of this
hormone on ACL laxity, which is predominant in women [23].

Previously, two systematic reviews have been conducted to determine the association
between ACL tears, knee laxity and menstrual cycle [6,24]. However, more recent data
have been published since their research. Therefore, the objective of this systematic review
is to update the scientific knowledge about the influence of the menstrual cycle and OC on
knee laxity and ACL injuries.

2. Methods
2.1. Study Design

A systematic review was performed following the recommendations of Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020 criteria). This
review was registered in PROSPERO with the code number CRD42022345257.

2.2. Data Source

The searches were performed by two independent investigators in the PubMed, Scopus
and Web of Sciences databased. A search equation using MESH terms was defined to
obtain a precise search: (“menstrual cycle” OR “oral contraceptive” OR “hormones”)
AND (“knee laxity” OR “Anterior Cruciate Ligament injuries” OR “Anterior Cruciate
Ligament laxness”).

2.3. Inclusion/Exclusion Criteria

A publication date filter was added from 2015 to July 2022 to update the scientific
knowledge, since the studies of the last systematic review on this subject (6) dated from 2015.
After duplicates were removed, studies were excluded if they did not match the following
inclusion and exclusion criteria: (i) article written in English; (ii) population: women aged
1349 years, having menarche for at least a year; (iii) not post-menopausal women, pregnant
women, women with genital pathologies, or women with serious pathologies (cancer); (iv)
observational studies only.
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2.4. Data Extraction and Data Synthesis

In the selected studies, certain data were extracted, in particular the objective and the
type of study, the number and age of the participants and their specificity (sports or not)
(Table 1). In addition, outcome measures such as ACL injury, laxity/stiffness of the knee

and general joint laxity (GJL) were selected (Table 2).

Table 1. Studies included in this review.

Authors

Year

Objective

Type of

Study Participants

Age

Study

Specificity Quality

DeFroda
etal. [25]

2019

To examine the effects of
OC usage on ACL tear
and subsequent
reconstruction

Case-

82,874
controls

1549 years

Database E

Gray et al.
[26]

2016

To determine if women
undergoing anterior
cruciate ligament surgical
reconstruction were less
likely to use oral
contraceptives than a
matched noninjured
population

Case-

controls 12,819

15-39 years

Database E

Herzog
etal. [27]

2020

Quantifying the
association between OC
use and ACL injury

Cohort 2,992,084

1345 years

Database A

Khowailed
et al. [28]

2015

Investigating the effects of
17P -estradiol across
phases of the menstrual
cycle on neuromuscular
control patterns of ACL
laxity during running

transverse 12

25.6 £3.7
years

Runners E

Lee et al.
[29]

2015

To study the difference in
ACL laxity after squat
exercise in healthy women
between OC users and
non-OC users.

Cohort 40

252 +£22
years

Low to
moderate PA

Maruyama
etal. [12]

2021

To determine the
relationship between knee
joint looseness, stiffness,
and general joint
looseness in relation to the
menstrual cycle

transverse 15

21+0.2
years

female
students
Low to
moderate PA

Nose-

Ogura et al.

(30]

2017

To study the concentration
of relaxin-2 during the
menstrual cycle in athletes
without and with OC.

transverse 106

22+3
years

athletes E

Shafiei et al.

9]

2016

Comparing knee laxity
changes in the menstrual
cycle in female athletes

transverse 40

25.5 £5.12
years

athletes A

Shagawa
etal. [31]

2021

To examine changes in
AKL, stiffness, GR and
GJL during the late
follicular phase and
ovulation

transverse 15

21 +0.3
years
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Table 1. Cont.

s . T f . . epe s Stud
Authors Year Objective Sytl; fi(;r Participants Age Specificity Qul;lizly
To determine the
difference in testosterone,
178 estradiol and
. rogesterone
tijak et al. proge -
Stijak eta 2015 concentrations between Case 24 16-37 years athletes E
[32] . . . controls
patients with and without
ACL tear, and the possible
effect of these hormones
on generalized joint laxity
Abbreviations: OC, oral contraceptives; ACL, anterior cruciate ligament; AKL, anterior displacement of the tibia
relative to the femur; GR, genu recurvatum; GJL, general joint laxity.
Table 2. Summary of included studies.
Method of
Variables Contraceptive Hormones
Authors Studied Measur‘ement of ACL Tear Method Studied Results
Variables
Case: surgical 569 ACL
recons.truc tion of reconstruction OC users: 18% decrease in the
DeFroda o Follow-up over ACL with OC patients in the risk of ACL tear requiring
etal. 2019 ACL injury - ) non-OC group, / reconstruction
time Controls: surgical
[25] . and 465 OC users 15-19 age group:
reconstruction of patients in the 63% reduction in tears
ACL without OC OC group.
15-19 age group with ACL
repair surgery: not use OC
1.22 times > controls
. (12 months prior to injury)
Case: surgical
Gray et al. . Follow-up over ; (p < 0.0001)
2016 [26] ACL injury time reconstruction of 12,819 OC / 25-39 age group: use OC 1.1
the ACL .
to 1.16 times > controls
OC users: 18% fewer ACL
injuries than non-users
(15-19 age group)
Herzog et al. ACL infur Follow-up over 3571 at OC oc (;e[)}%osed) / No difference in the risk of
2020 [27] jury time 1620 at TUD ACL injury in OCs and IUDs
(unexposed)
1 ATT: ovulation (5.75 + 0.47)
(p <0.01)
J} ATT: follicular (4.18 + 0.27)
Knee laxity KT-2000 (p <0.01)
Khowailed [estradiol] Cobas e602 blood [17P estradiol] |
etal. 2015 Neuro- test (Roche/ No No Estradiol menstruation
[28] muscular Hitachi) — (34.14 £ 15.47 pg/mL)
control EMG [178 estradiol] 1 ovulation
(207.74 + 53.42 pg/mL)
[17P estradiol]yyuiation > [177
eStradiOI]follicular (P < 0-01)
Decreased ACL laxity (OC
25 with normal users) compared to non-OC
Lee et al. ACL laxity KT-2000 No cvcle 15 with / users before and after
2015 [29] Pain EVA 4 strenuous exercise

oC

Pain after exercise (OC) >
pain after exercise (non-OC)
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Table 2. Cont.

Auth Variables M Method Oft £ ACL T Contraceptive Hormones Result
uthors Studied easurement o ear Method Studied esuits
Variables
GR No GR
AKL (89N
and 133N) .
KS-measurement Ovulatory No 'dlfference
in AKL
A force/A phase >
. between
AKL displacement early
Maruyama . - . - phases
Stiffness University of follicular
et al. 2021 Tokvo ioint laxi No No /
[12] GJL okyo ]t(nr;t axity phase
GR es .
AKL: GR (ovulation) > no GR
I:;T 45512}:1;;3; GJL: No differences between
*B GR and non-GR
AKL, stiffness, GJL: No
difference between phases
[relaxin-2]jyteal >
[relaXin'Z]follicular, ovulatory in
eumhenorrea
[relaxin-2] at eumennorhee >
Nose-Ogura [relaxin-2] Immunqas:say 16 with OC . [relaxin-2] at O.C
(quantikin relaxin-2 sex luteal phase: [relaxin-2] >
etal. 2017 [sex . No 77 eumenorhea .
Human relaxin-2) hormones 6.0 pg/mL in 36.8% of FDR
[30] hormones] . 13 amenorrhea
CLIA kit cases.
ACL injury
correlation between relaxin-2
and progesterone in CM
phases except luteal phase
S No dierne fox ACL sy
Shafiei et al. (ACL) Front drawer No No [estrogen] No relationship between
2016 [9] [sex ELISA and [progesterone] menstrual cvele phases and
hormones] ~ DEMEDITEC kit yelep
knee laxity
KS-measurement [oestradiol] oyulatory >
A force/ A late follicular [oestradiol] (P = 0-018)
displacement No differences between AKL
University of or rigidity of the follicular
AKL .. .
. Tokyo joint laxity phase and the ovulatory
Shagawa stiffness test phase
et a[1é)12]021 %]II; Ttem 4 of the GJL No No Estradiol GR and GJL 1 during
. test, goniometer ovulatory phase > follicular
[estradiol] .
Saliva sample phase
Ovulation kit Changes in [estradiol] during
(+T° control: the cycle can affect changes in
thermometer) GR and GJL
Laxity score
(Beighton, Significant differences in [178
) Solomon, [17 estradiol] estradiol], [progesterone], and
Stijak et al. GJL [sex Soskolne) Yes contactless No [pr terone] [testosterone] between the
2015 [32] hormones] sample — (case) No (control) progesterone two groups
[testosterone] .
enzyme Lower [hormones] in women
immunoassay with ACL tears
Salimetrics

Abbreviations: OC, oral contraceptives; ACL, anterior cruciate ligament; IUD, intrauterine device; AKL, anterior
displacement of the tibia relative to the femur; GR, genu recurvatum; GJL, general joint laxity; | significant
decrease; 1 significant increase.

2.5. Risk of Bias Assessment

The assessment of article quality and risk of bias was performed using McMaster
guidelines for Critical Review Form for Quantitative studies [33]. This guide is made up
of 16 criteria: (1) objectives of the study clearly defined; (2) presentation of the relevant
context; (3) design of the study appropriate; (4) sample described in detail; (5) sample
size justified; (6) reliable measurement of variables; (7) valid measurement of variables; (8)

145



Appl. Sci. 2022, 12, 12627

intervention described in detail; (9) contamination avoided; (10) co-intervention avoided;
(11) intervention replicable; (12) results reported in terms of statistical significance; (13)
methods analysis; (14) reported clinical importance; (15) loss and abandons reported; (16)
appropriate conclusions regarding study methods and results. In this review, consisting
exclusively of observational studies, criteria 9 and 10 (contaminations and co-interventions
avoided) could not be evaluated. For each item, 1 point was given if it was completed and
0 when it was not answered. The quality score of each study was calculated on 14 criteria,
14 being the maximum score. Then, a classification according to the methodological quality
was carried out in percentage form. When the total score was lower than 50% the quality
was considered low, acceptable between 50% and 64%, high quality between 65% and 79%,
and excellent when the result was above 80%.

3. Results

A total of ten articles was selected in this systematic review according to the inclusion
and exclusion criteria (Tables 1 and 2). The steps in this data collection are represented
in Figure 1. Among these ten studies, the sports levels of the women differed: four
studies included athletes [9,28,30,32]; three others involved women doing low-to-moderate-
intensity physical activity [12,29,31]; and the three remaining studies did not provide this
information, as they were extracted from a database [25-27].

Identification of studies via databases and registers

Records removed before
g Records identified from: screening:
= L 2 Duplicate records removed
Databases (n = 153) it
3 4 o (n=84)
= PubMed (n = 32) > s g
= Web of Science (n = 36 Records marked as ineligible
5 Scopus (n = 85)( =:30) by automation tools (n = 0)
= p a Records removed for other
reasons (n =0)
— r
Records screened 5| Records excluded
(n=69) (n=48)
h 4
Reports sought for retrieval Reports not retrieved
g| | m=21 — " (-0
=
:
@ Y
Reports assessed for eligibility Reports excluded (n = 11):
(n=21) " Not about anterior cruciate
ligament (n = 3)
Not laxity assessment
(n=1)
Not about menstrual cycle
(n=3)
Basic physical fitness
A4 outcomes (n = 4)
o
s Studies included in review
S
° (n=10)
=

Figure 1. PRISMA Flow diagram.

The sample size ranged from 12 to 2,992,084 women aged 13—49 years old. The studies
included in this review had scores based on the McMaster guidelines for Critical Review
Form for Quantitative studies between 8/14 and 13/14. Three studies (30%) showed
acceptable methodological quality, one (10%) high quality, and the other six (60%) were
rated as excellent (Table 3).
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3.1. ACL Tears

Herzog et al., using a database, found no correlation between ACL injury risk and OC
uses compared to an intrauterine device [27]. At the same time, the study conducted by
Gray et al. demonstrated an 18% decrease in ACL reconstructions in OC users compared to
non-users in the 15-19-year age group, with the mean age of cases being 24.11 years. In
this group, women who had undergone ACL-repair surgery were 1.22 times more likely
not to use OC than controls in the 12 months before the injury (p < 0.001) [26]. In this same
guideline, De Froda et al. demonstrated a 63% reduction in ACL tear rate in OC users in
the same age group (15-19-years) [25].

In the study carried out by Stijak et al., ACL tears were caused by an indirect mech-
anism (without contact) [34]. There were no significant differences in the joint laxity
score between the participants with the ACL intact and the participants suffering an ACL
tear [32].

3.2. Knee Laxity

Modulation of knee laxity during the menstrual cycle has been reported in five stud-
ies [9,12,28,29,31]. Laxity, illustrated as the anterior displacement of the tibia (AKL) relative
to the femur, was assessed by different methods: an instrumental technique (KT2000,
KS measurement), and orthopedics test (Lachman’s test, and the University of Tokyo
joint-laxity test). Khowailed et al. reported a statistically significant increase (p < 0.01)
in tibial anterior translation (TAT) during the ovulatory phase compared to the follicular
phase [28]. However, among non-genu-recurvatum patients (GR), no significant differences
were observed between the phases of the menstrual cycle [12]. Similarly, Shagawa et al.
revealed an increased generalized joint laxity (GJL) during the ovulatory phase compared
to the follicular phase, but no differences were found between the two phases concerning
stiffness or AKL [31]. Finally, Maruyama et al. did not observe significant differences in
GJL between GR and non-GR [12]. Among users of OC, researchers noted a decreased ACL
laxity [29].

3.3. Hormones

Hormonal fluctuations were measured in five articles using kit ovulatory and blood
and saliva samples [9,28,30-32]. Two studies showed that the estradiol concentration
during ovulation was significantly higher than during the follicular phase [28,31]. In
addition, the concentrations of estradiol, progesterone and testosterone were significantly
reduced in women with a torn ACL [32]. However, Shafei et al. did not observe significant
differences between ACL laxity and hormonal levels [9]. Finally, during the luteal phase,
the concentration of relaxin was greater than 6.0 pg/mL in 36.8% of cases, proving to be a
risk factor for rupture of the ACL [30].

4. Discussion

This study provides novel research about the influence of the menstrual cycle and OC
on knee laxity and ACL injuries. The menstrual cycle seems to influence knee laxity in
women, the latter being higher during the ovulatory phase. However, current knowledge
cannot yield conclusions about the influence of the menstrual cycle on the risk of ACL
injury. OC may decrease the possibility of an ACL tear.

As demonstrated by Stijak et al., women with an ACL tear show a decrease in the
concentration of testosterone, 17B estradiol and progesterone. This hormonal drop could
lead to ACL damage and could be considered a risk factor. This, therefore, raises questions
about the protective action or lack thereof of hormones. Indeed, during the ovulatory phase,
when estradiol concentration is maximal, joint stability would be negatively affected [35].
This estradiol peak during the ovulatory phase is confirmed in the study carried out by
Khowailed et al. since the concentration of 17B estradiol significantly increases during
ovulation, compared to the follicular phase [28]. These findings are in accordance with the
results of the study performed by Shagawa et al. [31].
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Regarding knee laxity, an increase in TAT could be observed during the ovulatory
phase compared to the follicular phase [28]. In this line, Shagawa et al. observed an increase
in GJL during the menstrual cycle phase where estradiol is higher [31]. Therefore, it can
be assumed that the increase in estrogen concentration would induce an increase in knee
laxity characterized by TAT. In concordance, the review performed by Herzberg et al. in
2017 identified a higher ACL laxity during the ovulatory phase compared to the follicular
phase [24].

The role of OC in regulating the menstrual cycle has been investigated in some stud-
ies [27,29,30]. Herzog et al. did not detect an increased risk of ACL injury in OC or
intrauterine device (IUD) users, not allowing a protective effect to be established. Neverthe-
less, the control group (IUD) had exogenous hormones, so it would be interesting to study
the difference with eumenorrheic women (women with a regular cycle and not taking OC).
According to Nose Ogura et al. and Lee et al., OC users have decreased ACL laxity [29] due
to a lower relaxin concentration [30], and therefore may have a lower risk of an ACL tear.

Consistent with these findings, the study carried out by Gray et al. suggests that
the regulatory effects of OC on estrogen levels may reduce the overall risk of ACL injury
in young women by reducing the risk factor for induced ACL laxity by estrogen [26].
Despite the limited clinical evidence on this protective aspect, De Froda et al. state that it
would be advisable to consider the use of OC in elite high school and college-aged athletes,
especially those who are at risk of ACL tear [25]. Future research is needed to confirm this
protective association.

Some aspects should be considered when interpreting the results of this review. The
age range of the participants is very wide, between 13 and 49 years old. In addition, the
selected studies do not specify whether the participants had been pregnant before. During
pregnancy, women suffer an important hormonal imbalance [36], so it would be wise to
carry out studies on women who have never been pregnant to observe the true impact of a
menstrual cycle without previous upheaval. It can be assumed that after pregnancy the
hormonal levels are modified, in particular those of relaxin, so it would be interesting to
observe whether there is an increased risk of ACL injury in postpartum women.

Another important aspect to consider is that the hormonal profile of each woman
may differ during each cycle even in women with a regular menstrual cycle [37]. For
this reason, measurement tools should be predefined identically in each study to avoid
any bias in the evaluation of data, allowing researchers to perform a meta-analysis on
this subject. The human body being very complex, it would be necessary to study the
interaction of the various hormones and not their individual action. Stijak et al. have
shown that a higher concentration of testosterone could act protectively for ACL injuries
in women [32]. Interestingly, Lovering and Romani [10] demonstrated the presence of
androgen receptors in the female ACL. In fact, testosterone, which plays a role in connective
tissue remodeling, is influenced by the presence of other hormones. In fact, an increase
in the sex-hormone-binding globulin (SHBG) levels is associated with decreased levels of
testosterone. However, estrogen and testosterone have an antagonistic relationship. Higher
rates of free testosterone have been correlated with an increase in ACL stiffness during the
ovulatory phase [10]. Further research on this topic is needed.

Studies have observed changes in the menstrual cycle associated with physical activity
levels [38]. Indeed, most women (>50%) practicing regular physical activity have menstrual
dysfunction, characterized by an irregular menstrual cycle [36]. It would therefore be
interesting to study the differences in knee laxity related to the menstrual cycle between
physically active women and sedentary women.

Another factor that could exert a negative influence on the menstrual cycle is stress.
Moreover, progesterone levels, which are higher during the luteal phase, may be associ-
ated with anxiety [39]. An increase in mental fatigue has also been observed during this
phase [40], which could contribute to certain injuries, in particular the ACL, according to
many studies [38].
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The previous review published in 2015 by Somerson et al. revealed a greater anterior
translation of the knee in the ovulatory and luteal phases of the menstrual cycle. In this
current review, we find the same results, which seem consistent. However, no correlation
was found between the risk of ACL rupture and periods of laxity.

Further studies are needed to observe the association between estrogen levels and
knee joint laxity. Future research should be considered to observe the action of testosterone
in women especially in sports. A better understanding of women'’s physiology is essential
to injury prevention.

5. Conclusions

In conclusion, the menstrual cycle, due to hormonal fluctuation, seems to influence
knee laxity in women. Female athletes have a higher risk of ACL rupture due to hormonal
changes, especially relaxin. The increase in the latter was observed predominantly in the
luteal phase parallel to estradiol during the ovulatory phase when the TAT was greater
at the knee. On the other hand, OC decreased the laxity of the ACL, making the TAT
weaker and decreasing the levels of relaxin, which appears to decrease the possibility of an
ACL tear. However, based on the literature, we cannot conclude that there is a correlation
between the menstrual cycle and the risk of ACL injury.
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Abstract: Speech-in-noise tests are used to assess the ability of the human auditory system to
perceive speech in a noisy environment. Early diagnosis of hearing deficits helps health professionals
to plan for the most appropriate management. However, hospitals and auditory clinics have a
shortage of reliable Arabic versions of speech-in-noise tests. Additionally, access to specialized
healthcare facilities is associated with socioeconomic status. Hence, individuals with compromised
socioeconomic status do not have proper access to healthcare. Thus, In the current study, a mobile and
cost-effective Arabic speech-in-noise test was developed and tested on 30 normal-hearing subjects,
and their ability to perceive words-in-noise was evaluated. Moreover, a comparison between two
different background noises was explored (multi-talker babble noise and white noise). The results
revealed a significant difference in the thresholds between the two types of background noises. The
percent-correct scores ranged from 100% to 54.17% for the white background noise and 91.57% to 50%
for the multi-talker babble background noise. The proposed Arabic word-in-noise screening tool has
the potential to be used effectively to screen for deteriorated speech perception abilities, particularly
in low-resource settings.

Keywords: word in noise; speech in noise; hearing; healthcare accessibility; rural; out of clinic;
hearing impairment; diagnostic tool; cost-effective; Arabic

1. Introduction

With over 430 million cases worldwide, hearing loss is one of the most critical global
health issues that must be addressed [1]. In addition, approximately 344 million sufferers
of hearing loss (80% of total cases) reside in low- and middle-income countries, as reported
by the World Health Organization [1]. Societies with low socioeconomic status and poor
education often do not have the same access to specialized healthcare services as those
with quality education and higher incomes [2], which in turn could significantly delay the
diagnosis and treatment of hearing impairment. Moreover, hearing impairments have an
indirect impact on the individual’s social, occupational, educational, and psychological
well-being [3-5]. For instance, people with hearing problems are highly susceptible to
depression compared to people with normal hearing [6]. Despite the high prevalence
of hearing impairments, deployment of diagnostic and therapeutic hearing healthcare
is sparse [3]. It has been reported that the time gap between the initial onset of hearing
impairment and the actual seeking for rehabilitation interventions for people with hearing
problems is long, typically 10 years [7]. Thus, there is an emerging need to develop and
validate accurate and highly sensitive hearing screening instruments and tests that are
accessible with high fidelity, to help ensure the detection of hearing impairment at early
stages to facilitate timely intervention.

Numerous hearing tests are currently deployed in hearing clinics to evaluate the in-
tegrity of the auditory system, assess hearing ability, and detect the degree of existing hear-
ing loss. The pure-tone test, for example, is the most commonly used test in auditory clinics
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that determines the person’s hearing ability by listening to tones at different frequencies.
Another common clinical hearing test is the auditory brainstem responses test, in which
the integrity of the neural pathway is investigated by measuring the electrophysiological
responses to an acoustic stimulus delivered either monaurally or binaurally [8,9]. However,
administering the most widely available hearing tests often requires costly audiometric
booths to reduce the background noise [10]. Additionally, both of the aforementioned hear-
ing tests lack important diagnostic features, such as the capability to identify the person’s
ability to comprehend complex stimuli as speech perception, which is a critical aspect of
the patient’s everyday life situations [11].

Perceiving speech with background noise can be challenging, even for people with
normal hearing. Speech perception is not only the recognition of sound segments but also
the ability of the listener to detect and interpret signals. Therefore, speech perception is
defined as the act of labeling acoustic signals with appropriate linguistic symbols [12].

Several conditions are associated with speech perception difficulties, such as central
auditory processing disorder (CAPD) [13]. Patients with CAPD face difficulties in compre-
hending spoken language in an environment with competing background noise. Children
with CAPD frequently ask for repetitions, frequently saying “what?” or “huh?” [13]. More-
over, individuals with dyslexia may encounter difficulties in perceiving speech in noisy
environments [14]. Furthermore, autism spectrum disorder is associated with speech
perception difficulties and auditory processing deficits [15].

Speech perception tests are commonly used to screen for such disorders in various
languages. Compared to standard hearing tests, speech-in-noise tests have advantages
such as an inexpensive setup and the ability to efficiently administer the test outside the
sound booth [16]. Clinically validated speech-in-noise tests vary based on the linguistics
of the stimulus of interest, the specific type of background noise in which the speech is
embedded, scoring methods, and the signal-to-noise ratio (SNR) presentation level [17].

One of the most common tests is the quick-speech-in-noise test (QuickSIN) [18]. The
QuickSIN test estimates speech-in-noise performance by presenting short sentences with
the presence of four-talker babbling in the background [18]. The test contains 12 lists that
have six sentences in each list. The babble level increases in 5 dB increments while the
sentences are presented at a fixed level. Another standard test is the Bamford Kowal-
Bench speech-in-noise test (BKB-SIN). It contains 18 lists of sentences in the presence of a
four-talker babbling noise in the background [19].

The Hearing in Noise Test for Children (HINT-C) is also used to diagnose speech
perception conditions in children [20,21]. Finally, one of the most widely used tests in
audiology clinics is the word-in-noise (WIN) test. The WIN test has the advantage of being
relatively easier to administer and requires less working memory and linguistic context
during the performance compared to the speech-in-noise test [22].

One of the few Arabic versions of the speech-in-noise tests is the Arabic matrix test.
The Arabic matrix test generates sentences randomly from a matrix that are presented
with and without background noise [23]. The Speech Perception of Words in Noise test is
an Arabic WIN test in which words are presented at zero SNR in a cafeteria background
noise [24]. Another example of an Arabic WIN test is the Pediatric Arabic Auditory Speech
Test (PAAST), which was developed to investigate speech perception in children [25]. The
main difference between the PAAST and the aforementioned Speech Perception of Words
in Noise test is how the responses are collected. In the PAAST, children are asked to choose
an image that corresponds to a presented word they heard [25].

Although speech-in-noise tests can provide a good assessment of speech perception
inside hospitals and clinics, it is difficult to access specialized healthcare facilities for some
individuals, communities, and countries, especially during pandemic and quarantine
situations or even in rural areas. For that, several investigators have designed, developed,
and validated computer-based applications for speech perception assessment outside
the clinic to help with the early detection of hearing impairments. Outside clinic tests
have the potential to alert individuals of possible hearing problems and a referral to
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secondary-level healthcare could confirm the level and type of the hearing impairment.
For instance, computer-based or smartphone applications for audiological screening have
shown reasonable efficiency [25-31].

For example, Hussein et al. [28] investigated the feasibility of implementing an existing
mobile health application in a community-based setup to screen the hearing of young
children. The study examined a mobile application, hearScreen™, which can be easily
trained to be used by non-professional personnel such as school teachers, social workers,
or nurses. The employment of the hearScreen™ solution led to a referral rate of 24.9% in
preschool children in a poor community. This study concluded that smartphone-based
hearing screening could be a viable tool to detect unidentified hearing impairments with
minimal training of non-professional individuals.

In addition, Bauer et al. [32] developed and validated an application named Ouviu
that can be used pre-clinically to identify undetected hearing problems outside the clinical
sound booth. The application conducts a hearing test that screens for 500, 1000, 2000, 5000,
and 8000 Hz at low, medium, and high intensities. Results showed that Ouviu is capable of
measuring environmental noise and outperformed the HearCheck screener equipment.

Alhussaini et al. [33] assessed auditory temporal resolution by utilizing an auditory
gap-in-noise test. The authors compared the assessment of auditory temporal resolution in
a controlled environment (inside a soundproof booth) versus assessing auditory temporal
resolution in a normal room with an acceptable surrounding noise level (below 50 dB).
The results showed that gap detection thresholds obtained outside the soundproof booth
are reliable and comparable to the standard method currently used in a controlled clinical
setting (inside a soundproof booth).

Furthermore, Govender and Mars [34] explored the outcomes of implementing asyn-
chronous automated telehealth-based hearing screening and automated audiometric testing
to detect or confirm hearing impairment in school-age children in rural South African
schools. Their combined model showed a 100% specificity rate and a moderate sensitiv-
ity rate of around 65%, which they claim to be affected by randomization error and the
susceptibility of children being easily distracted.

Note that hearing screenings, diagnostic examinations, and rehabilitation interventions
in speech audiometry (speech-in-noise or word-in-noise) must always be implemented in
a language that is native to the listeners [16,35]. Screening an individual’s hearing with a
language different than their native language often leads to poorer performance when com-
pared to native listeners [22,35]. Hence, to our knowledge, there are currently no versatile
Arabic versions of word-in-noise tests that can facilitate and sup-port the deployment of
hearing screening programs that can be utilized in hard-to-reach environments.

Therefore, this study aims to develop an Arabic version of a word-in-noise hearing
test that is cost-effective and has the potential to support its deployment in a low-resource
setting and during community-based outreach programs. Furthermore, having such a
hearing screening tool can reduce the burden on millions of people that have hidden
hearing problems or do not have easy access to quality healthcare.

The current study presents the development of the proposed Arabic word-in-noise
using an easy-to-use custom-made MATLAB (MathWorks, Natick, MA, USA) program. The
main features that were considered during the design of the proposed Arabic word-in-noise
screening tool are its ease of use with minimal training for generalist healthcare personnel,
usability for Arabic-speaking communities, short testing time with reliable screening results,
and the use of simple and common monosyllabic Arabic words that can be used to screen
school-age children, young adults, and elderly persons. The words in the proposed Arabic
hearing screening test in this study are implanted in various types of background noise
to incorporate everyday life scenarios. In addition, the words were presented at different
SNR levels to enhance the accuracy of identifying possible hearing impairments.
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2. Materials and Methods
2.1. Participants

Thirty bilingual male participants with normal hearing volunteered in this study. All
participants had acquired the Arabic language from birth and learned the English language
during their formal education for at least five years. The screened participants were 18 to
33 years old, with a mean of 22.57 & 2.42 SD years. All participants reported no history of
neurological disorders, hearing loss, or hearing difficulties. Additionally, the screened par-
ticipants confirmed that they had no history of cochlear and neural injuries or complaints
of their cognitive functions. All participants had normal hearing as tested by pure tone
audiometry through a smartphone application (uHear), which was validated for audiome-
try testing [29]. The uHear automated pure tone audiometry test was conducted via the
same equipment across all participants (iPhone 11 and AirPods, Apple Inc., Cupertino, CA,
USA). Participants were directed to follow the application instruction, and the tones were
delivered at 500, 1000, 2000, 4000, and 6000 Octave Hz for the left and right ears. A consent
form was required in the study for all the participants. The study was approved by the
Institutional Review Board (I.R.B.) at the College of Applied Medical Sciences, King Saud
University (K.S.U.) (LR.B. Approval number: CAMS 029-3940).

2.2. Arabic Word Selection Process

To choose proper words to be used in this test, a total of 220 monosyllabic Arabic words
were selected. The monosyllables were chosen based on their familiarity [11]. Seventy-five
words of the total words (34%) were provided by the Department of Audiology at King
Faisal Specialized Hospital and Research Center (KFSHRC), and the remaining 145 words
were identified from school materials. The complete list of the Arabic words was then sent
to two faculty members within K.S.U. to evaluate the words’ complexity and familiarity
with a four-point scale. The experts were asked to rate each word choice with “familiar and
simple”, “unfamiliar and complex”, “familiar but complex”, and “unfamiliar and complex”.
Next, words were ordered based on their familiarity and simplicity score. Eighty-four
words that had the agreement of both evaluators for being familiar and simple were used
as testing words in the current study (all of the words were in the KFHRC word list). Words
that were evaluated by at least one of the evaluators as familiar and simple were used as
choice words during the test after matching their homogeneity with testing words as far as
possible. Finally, words that were rated as either unfamiliar and complex or familiar, but
complex were excluded from the study.

2.3. Stimuli

The proposed test consists of monosyllabic Arabic words spoken by a male talker
and recorded by audio software (Audacity Platform, Oak Park, MI, USA) via a commer-
cially available microphone (Saramonic SR-ULMS5, White Plains, NY, USA). Furthermore,
48 monosyllabic, phonetically balanced Arabic words were selected for test development.
The Arabic words were randomly divided into six word lists (each with eight monosyl-
labic words). The words in the first three lists were embedded in white background noise
(24 monosyllabic Arabic words), and the words in the remaining lists were embedded in
multi-talker babble background noise (24 monosyllabic Arabic words).

Seven SNR conditions were presented for each word list in both noise types. The first
word in each list was presented without background noise, and the remaining seven words
were delivered with different SNR conditions. The SNR variations of the proposed Arabic
word-in-noise screening test were +15, +10, +8, +6, +4, +2, and 0 dB (Figure 1). All the
audio files, consisting of both the speech and background noise, have a duration of 8 s with
a sampling frequency of 44,100 Hz.
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Figure 1. Illustration of the SNR conditions presented for both white noise and multitasker babble.

2.4. Experimental Procedure

Before starting each testing session, noise and speech level intensities were measured
and calibrated using a digital sound level meter (Extech 407730, Waltham, MA, USA) to
ensure that the ambient noise in the testing room (college research laboratory) was within
an acceptable environment noise range (below 50 dB SPL) during testing, which is an
important factor for such a mobile and outside of clinic hearing screening tool.

The testing procedure was administered with a headphone set (Sennheiser HD-280
pro, Wedemark, Germany), which was verified for audiometry testing [33,36]. Additionally,
the output sound volume of the personal computer was measured and adjusted accordingly
to ensure that the noise files used in this experiment were fixed at 60 dB using the digital
sound meter before each session.

The flowchart of the proposed Arabic word-in-noise hearing assessment tool is shown
in Figure 2. During each testing session, all participants were instructed to identify the
presented Arabic words in both white noise lists (Word lists 1, 2, and 3) and multi-talker
babble noise (Word lists 4, 5, and 6). Participants were instructed to listen carefully to the
presented words. Moreover, the words in each list were delivered with a gradual decrease
in the SNR for both the white and multi-talker babble noise (+15 to 0 dB), while the noise
intensity was kept constant at 60 dB across all SNR conditions. Subjects were encouraged
to guess the correct word from a multiple-choice list after each word. Participants were

e

also able to select the last choice, “I do not know— sl N” only if they did not perceive the

word. In addition, the subjects would be excluded from the study if they failed to identify
the first word in each word list, as they were presented without noise, and the session
would be terminated. The order of the presented noise type in each session and the word
lists was randomly assigned and counterbalanced across subjects to avoid an order effect.

The acquired responses were given a score of zero for wrong word identification and
a score of one for correct word identification. In addition, an overall average score of three
word lists was calculated for each noise type. The percent-correct word identification score
was then computed and used for statistical analysis.
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Figure 2. Flowchart of the proposed Arabic word-in-noise screening test.

3. Results

The pure tone audiometry results acquired by the “uHear” phone application con-
firmed that all subjects had normal hearing in this with normal hearing sensitivity in both
ears at0.5,1, 2,4, and 6 octave kHz.

All participants completed the proposed Arabic word-in-noise test with the two types
of noise (white noise and four multi-talker babble noise). The average testing time for the
Arabic word-in-noise test was seven minutes (SD 2.14).

The percent-correct scores ranged from 100% to 54.17% for the white background noise
and 91.57% to 50% for the multi-talker babble background noise (Figure 3). Furthermore,
the across-subject and across-list mean percent-correct word recognition scores were 80.14%
(SD 9.83) and 74.17% (SD 10.69) for white and multi-talker babble background noise,
respectively. A statistically significant difference was seen between the resulting scores
from white noise and multi-talker babble noise (paired-samples t-test, ¢t (29) = 3.61, p = 0.001)
(Figure 4).
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Figure 3. A cross-list mean (SEM) percent-correct word identification score for each participant for
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Figure 4. The across-subjects, across-list mean (=SEM) percent-correct word identification score for
white noise and multi-talker babble background noise. (** p < 0.01).

4. Discussion

The primary goal of this research is to create and validate a computerized Arabic
word-in-noise speech perception screening tool that can be used outside of the clinical
setting. Outside-clinic tests are essential as they can be effective in rural areas and under
political, security, or health pandemic constraints where proper healthcare services are hard
to reach [33,37,38].

Developing and validating a speech perception screening tool depends on several
factors, such as test duration, linguistics, and the type and intensity of noise. This study
validates a proposed Arabic word-in-noise assessment test, reporting the advantages of a
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short testing time and affordable hardware. The proposed test also encompasses several
SNR levels that vary in difficulty to enhance the accuracy of assessing speech intelligibility.

Additionally, there are two main categories of background noise, known as masking
noises: stationary or fluctuant [39]. Noise with a changing intensity over time is fluctuant,
whereas stationary noise has a fixed intensity over time. Furthermore, speech-in-noise
audiometry tests often incorporate white noise or speech spectrum noise as a masking
noise [39,40]. Although it does not reflect daily life situations, stationary white noise is most
commonly used in speech-in-test clinical testing for its simplicity and ease of calibration [39].
In contrast, spectrum noise, such as multi-talker babble noise, is more representative of
daily life situations. Thus, the two types of background noises were tested in this pilot
study to investigate their impact on speech perception in healthy individuals. The results
indicate that the performance of people with normal hearing was significantly higher in
the presence of white noise (80.14%) compared to multi-talker babble noise (74.17%). This
implies that listeners with normal hearing are affected differently by the type of background
noise, which is in line with other studies showing that word recognition scores are lower in
the presence of multi-talker babble noise [41-43].

The results of the present investigation also suggest that the use of white background
noise is less challenging and more consistent compared to multi-talker babble noise, at
least for Arabic-speaking adults with normal hearing. The use of white background noise
could also be more favorable over multi-talker babble noise as the test is developed to be
used out of the sound booth and clinical setup where environmental noise is less controlled.
However, further investigations are needed to confirm the effect of background noise in
diverse practical settings.

In comparison with the few existing Arabic speech-in-noise and word-in-noise tests
(Arabic matrix test, Speech Perception of Words in Noise test, and the PAAST), the versatile
Arabic word-in-noise test proposed in this study has some design advantages. First,
the proposed test is a word-based screening tool that is much easier to complete and
comprehend than the sentence-based tests used in the Arabic matrix test. Additionally,
this versatile test has its testing words embedded in varying SNR levels, which enable
primary care personnel to have a better screening result compared to the paradigm of a
zero SNR variation between the presented word and the background noise as in the Speech
Perception of Words in Noise test. Finally, the PAAST screening test has a limited targeted
population where the word lists in the study can be recognized by school-age children,
youth, and elderly populations.

The current study had some limitations, including the lack of enrollment of an age-
matched group with hearing loss. Thus, further studies are required on age-matched
individuals with hearing loss to validate the sensitivity and specificity of the versatile
Arabic word-in-noise hearing screening tool used in this study. Additionally, the recruited
sample size was relatively small and included only male participants. However, several
studies have indicated a significant gender effect on speech intelligibility [44,45]. Moreover,
the stimulation paradigm used in this study used a binaural approach in which words
were delivered to both ears simultaneously. This technique might be a disadvantage in
hearing screening if one ear has a hearing deficiency. That is, the binaural paradigm might
mask a single-ear deficiency. Monaural stimulation for each ear separately could enhance
the performance and detection of a unilateral hearing difficulty. Furthermore, although
the performance of the uHear mobile application to assess hearing sensitivity has been
validated in previous studies [29,46], performing a clinical pure-tone audiometry test and
an otological examination prior to the screening with the Arabic WIN test would eliminate
the possibility of existing of hearing issues.

5. Conclusions

In summary, the present results demonstrate the feasibility of developing a versatile
Arabic word-in-noise screening tool, which has the potential to be used effectively to screen
for speech perception difficulties. The tool can recommend that subjects scoring below a
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certain threshold consult a professional hearing specialist. Determination of the threshold
level requires more investigation. In addition, further testing of the proposed hearing
screening tool on different age groups is needed to identify and validate its efficacy and the
best-targeted age group.
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Vulnerability, as a phenomenon of analysis, has long been the subject of extensive
social and economic policy reflections, aimed at planning social welfare interventions
to support the areas most exposed to the effects of the economic crisis, especially with
reference to the presence of potentially weaker segments of the population.

In the debate on social inequality, the concept has been used more recently to describe
the social and economic transformations that, in recent decades, have resulted in a sense
of insecurity, affecting even traditionally secured social classes, and introducing a new
dimension of inequality that develops across to social stratification. In fact, the spread of
income instability, the growth of job temporality, the difficulties in reconciling care and
work, and the explosion of non-self-sufficiency touch all social strata, increasing the social
vulnerability of all classes. In 2014, the United Nations, with the Human Development
Report—Sustaining Human Progress: Reducing Vulnerabilities and Building Resilience, provided
an analysis of vulnerability, focusing on the most vulnerable groups (the poor, disabled,
immigrants, children, the elderly, and youth) and analysed the phenomenon with respect
to risk factors related to people’s life cycle or those related to individuals’ socioeconomic
status. The report stresses the importance of reducing vulnerability, understood as the
exposure to risk factors that can undermine people’s levels of well-being, and promoting
resilience, i.e., the capacities that strengthen individuals in coping with adverse risks.

Medical diseases in vulnerable populations, including migrants, ethnical and social
minorities, and people experiencing homelessness, are very frequent. Many of those
persons are especially fragile, including refugees, children, women, and disabled people,
and very little is known about the healthcare needs of these groups.

The number of people with migrant status living in Europe is growing rapidly (1.92 mil-
lion people immigrated to EU in 2020). According to the United Nations High Commis-
sioner for Refugees (UNCHR), the number of refugees reached a total of 84 million world-
wide in 2021. Most of the refugees come from war zones and many of them denounce
having been victims of persecutory acts in their country of origin [1]. The reasons that
lead people to flee are: conflict, COVID-19, poverty, political instability, and increased
globalisation [2,3]. Over the years, it has been observed that migrants from middle- and
low-income countries migrate to high-income countries, such as the USA, Canada, Aus-
tralia, and Europe. A number of factors help to define migrants as vulnerable: health risks
before, during, and after migration; a disease profile different from that of the host country
population; and barriers to access health services in host countries [4].

People experiencing homelessness frequently require medical, psychological, and so-
cial care since their health status is often burdened by chronic diseases; mental disturbances;
and drug, alcohol, or smoking addiction [4-10]. Homelessness has several detrimental
effects on health, and life expectancy is nearly twenty years lower than in the general
population [11]. In addition, access to primary and specialist medical care may be more
challenging for homeless persons, with no substantial differences between countries with
and without health insurance coverage [12-17].
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It is essential to discuss recent findings to improve clinical decision making and care
of medical disorders which affect this target population on studies conducted worldwide.
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Abstract: Background: Living in socio-economically disadvantaged neighborhoods can predispose
persons to numerous health conditions. The purpose of this study was to report the general health
conditions of persons living in disadvantaged neighborhoods in Rome, Italy, a large European
metropolitan city. Participants were reached through the mobile facilities of the primary care services
of the Dicastery for the Charity Services, Vatican City. Methods: People living in disadvantaged neigh-
borhoods were reached with mobile medical units by doctors, nurses, and paramedics. Demographic
characteristics, degree of social integration, housing conditions, and history of smoking and/or alco-
hol use were investigated. Unstructured interviews and general health assessments were performed
to investigate common acute and/or chronic diseases, and history of positivity to COVID-19. Basic
health parameters were measured; data were collected and analyzed. Results: Over a 10-month
period, 436 individuals aged 18-95 years were enrolled in the study. Most lived in dormitories,
whereas a few lived in unsheltered settings. Most participants (76%) were unemployed. Smoking
and drinking habits were comparable to the general population. The most common pathological
conditions were cardiovascular diseases in 103 subjects (23.39%), diabetes in 65 (14.9%), followed
by musculoskeletal system disorders (11.7%), eye diseases (10.5%), psychiatric conditions such as
anxiety and depression (9.2%), and chronic respiratory conditions (8.7%). Conclusions: Subjects
in our sample showed several pathologic conditions that may be related to their living conditions,
thus encouraging the development of more efficient and effective strategies for a population-tailored
diagnosis and treatment.

Keywords: homelessness; fragile populations; disadvantaged conditions; general health assess-
ment; prevention

1. Introduction

Since 2008, following the economic crisis, Europe has experienced an increase in
the number of impoverished citizens, especially those living in socio-economically disad-
vantaged neighborhoods, and this has posed a significant challenge in terms of disease
diagnosis, therapy, screening, and monitoring [1,2]. According to a recent definition, a
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neighborhood can be considered “poor” if 20% or more of its residents lack sufficient
money to live at a comfortable standard [3]; these neighborhoods are often associated with
negative labor, educational, and family outcomes [4,5].

In Italy, there is a lack of regularly updated national data on the subject; most in-
formation comes from surveys conducted by the National Institute of Statistics (ISTAT)
and by non-profit organizations, and the topic has been seldom reported in the scientific
literature [6-10]. People that live in socio-economically disadvantaged neighborhoods
often have a medium-low level of education, are unemployed or have a low-status job,
have higher levels of negative life events and insecure housing tenure [11,12], and may
experience chronic stressors and reduced social support [13]. Among them, fragile in-
dividuals such as women and children are more susceptible to experiencing stress and
violence, develop behavioral problems and misconduct, and have even fewer chances to
receive proper health assistance [13,14]. In addition, living in disadvantaged neighbor-
hoods has shown continuity among generations; studies have shown that people living in
poor neighborhoods had higher chances of remaining in these neighborhoods for several
decades [3,15,16].

It is known that living in socio-economically disadvantaged neighborhoods can
predispose one to numerous health conditions such as respiratory and cardiovascular
diseases/infections, diabetes, and hypertension [13,17,18]. Furthermore, environmental
conditions can induce a constant state of psychological and social discomfort; indeed,
pathologies such as anxiety, depression, psychiatric disorders, alcoholism, substance abuse,
and smoking addiction are not unusual [19]. Most of these conditions often have abrupt
onsets, require long hospital stays, and increase the mortality rate compared to the general
population [20-23].

During the coronavirus disease 2019 (COVID-19) pandemic, the discrimination and
health inequalities peculiar to this segment of the society worsened, with additional barriers
to accessing primary and specialist care and delays in diagnosis and treatment [24-26].

The purpose of this study was to evaluate the general health conditions of persons
living in socio-economically disadvantaged neighborhoods in Rome, Italy reached through
the mobile facilities of the primary care services of the Dicastery for the Charity Services,
Vatican City.

2. Materials and Methods

The study was performed between 14 March 2021 and 5 December 2021 using data
gathered by the mobile facilities of the Dicastery for the Charity Services of the Vatican
City, Holy See. The facilities include an advanced mobile medical unit and an ambulance
that were used to reach vulnerable populations in socio-economically disadvantaged
neighborhoods of the city of Rome, Italy. Participants were recruited on-site through
local churches, activities, non-profit organizations, and word of mouth. Oral informed
consent was obtained from all subjects included in the study. The study was conducted in
accordance with the principles of the Declaration of Helsinki.

Demographic characteristics, including sex, age, and country of origin were recorded.
In addition, the degree of social integration (presence or lack of occupation and type of
occupation), the housing conditions (availability of a house and type of housing), access to
primary care (availability of a family doctor), and history of smoking and /or alcohol use
were investigated.

With the help of general practitioners and specialized doctors that supported the
patients in reading and responding to the proposed questions, unstructured interviews in
the form of a questionnaire were performed to investigate common acute and/or chronic
diseases, and history of positivity to COVID-19. The questionnaire was composed of
15 questions; 14 were in the form of: “Do you suffer from ... ” specifically investigating the
following conditions: hypertension, diabetes, respiratory, musculoskeletal, dermatological,
neurological, gastrointestinal, ophthalmological, psychiatric disorders, thyroid, prostate,
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liver, dental problems, and cancer. The last question investigated a previous COVID-19
infection. Responses to the above questions were gathered through “Yes” or “No” answers.

In addition, a general health assessment was performed, and the following health
parameters were measured: body temperature, weight, height, body mass index (BMI),
blood pressure, beats per minute (BPM), oxygen saturation, and blood sugar levels. If
necessary, based on health evaluation and clinical history, patients were referred to specific
services of a tertiary care hospital within the Italian national public health system for further
diagnostic exams or treatments.

Collected data were entered in an electronic database (Microsoft Excel, Microsoft
Corp., Redmond, WA USA).

3. Results
3.1. Demographic Characteristics

Over a 10-month period, 436 individuals were enrolled in the study. An amount of
235 were males (53.89%), and 201 were females (46.1%).

The ages varied from 18 to 95 years: 49 participants were between the ages of 18 and
29 years (11.24%), 90 were between the ages of 30 and 40 years (20.64%), 193 were aged
between 41 and 60 years and constituted the majority of our sample (44.26%), 92 were
between the ages of 61 and 80 years (21.1%), and the remaining 12 were aged 81 years and
older (2.75%).

3.2. Country of Origin

The great majority of enrolled patients were born in Italy (149, 34.17%); other countries
that were commonly encountered included Romania (65, 14.9%), Peru (37, 8.48%), Morocco
(20, 4.58%), Moldova (15, 3.44%), Tunisia (14, 3.21%), and Bangladesh (9, 2.06%). The
remaining 164 persons came from 22 other countries in four continents (Asia, America,
Africa, and Europe). An amount of 228 patients (52.29%) had a known year of arrival in
Italy: 65 (28.51%) arrived between 1968 and 2000, 83 (36.4%) between 2000 and 2010, and
the remaining 80 (35.08%) between 2010 and 2021.

3.3. Social Integration and Housing Conditions

We investigated the housing setting, the presence of a family doctor, and the main
occupation. The majority of participants reported to be living in accommodation (229,
52.52%); most stayed in dormitories, with a few living in either owned, rented, or squatted
houses. In certain cases, it was impossible to determine the housing setting. Regarding the
presence of a family doctor, 255 subjects (58.48%) reported having one.

In terms of employment, a significant number of participants (331, 75.92%) reported
not having a job. Of the 105 individuals who had an occupation, 76 had occasional jobs,
13 were retired, 8 were students, 4 were caregivers, 3 were housekeepers, 1 was a gas
station attendant, and 1 was a mechanic.

3.4. Smoking and Drinking Habits

The smoking and drinking habits were investigated using questions with a “Yes” or
“No” answer; in some cases, patients specified the volumes such as cigarettes per day
(CPD) or alcoholic units per day (AU/day). In terms of smoking habits, 190 (56.22%)
of the 338 individuals (77.52%) who responded to the question stated that they did not
smoke, whereas 148 (43.78%) responded affirmatively. Only 16 of the latter indicated
the number of cigarettes smoked per day (5-10 CPD, n = 6; 10-20 CPD, n = 6; >20 CPD,
n = 3; ex-smoker, n = 1). Similarly, 301 (69.03%) respondents provided information on their
drinking habits; 219 (72.75%) claimed they did not consume alcohol, whereas 82 (27.24%)
answered affirmatively. Only 6 subjects indicated the number of alcoholic units per day,
whereas 13 out of 82 cases (15.85%) confirmed the presence of alcoholism.
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3.5. COVID-19

COVID-19 information was gathered from 140 (32.11%) participants through an inter-
view. First, patients were asked if they had previously contracted COVID-19; of the 140 in-
dividuals, 41 (29.28%) responded positively, and the remaining 99 (70.72%) answered “No”.
No specific COVID-19 tests, such as nasopharyngeal swabs, were performed. No informa-
tion on COVID-19 vaccination status, including drivers and barriers, was investigated.

3.6. Health Assessment

The following parameters were measured: body temperature, weight, height, BMI,
blood pressure, BPM, oxygen saturation, blood sugar levels.

Average body temperature was 35.96 °C (range: 34-37.1); weight was 70.71 kg (11-142),
height was 1.62 mt (0.75-1.92), and average BMI was 26.3 (range: 13.78-44.92). Of these,
11 were underweight (BMI < 18.5), 42 were overweight (BMI between 25 and 29.9), and
36 were obese, with 3 having third-degree obesity (BMI > 40).

Blood pressure measurements were performed on 340 individuals (77.98%). Average
systolic pressure was 131.51 mmHg (range: 85-200); average diastolic pressure was 78.65
(range: 40-110). During the visit, 8 (2.35%) patients exhibited signs of grade 2 hypertension
(160-179/100-109) and 4 (1.17%) displayed values compatible with grade 3 hypertension
(>180/>110).

Heart rate measurements were conducted on 351 of the 436 patients (80.5%) enrolled
in the study; of these, 327 (93.16%) had values of beats per minute ranging from 50 to 100,
18 (5.12%) had values > 101, and 14 (3.98%) had values < 60.

Oxygen saturation data were obtained from 345 individuals (79.12%); 322 (93.34%)
had a SpO2 > 95, with 84 (24.34%) exhibiting values equal to 99 or 100.

Blood glucose levels were measured in 286 subjects (65.59%). An amount of 53 (18.53%)
patients displayed values between 60 and 80 mg/dL, 123 (43%) between 81 and 100 mg/dL,
71 (24.82%) between 101 and 120 mg/dL, 19 (6.64%) between 121 and 140 mg/dL, and
20 (7%) >141 mg/dL; of them, 4 patients displayed blood glucose levels between 280 and
408 mg/dL.

The main health parameters evaluated in our sample are summarized in Figure 1.

3.7. Specific Pathological Conditions

The most common acute and/or chronic pathological conditions were investigated
through unstructured interviews. History of hypertension and general cardiovascular
diseases currently under treatment were reported by 103 subjects (23.39%), whereas diag-
nosed diabetes was reported by 65 (14.9%). At the gastrointestinal (GI) level, none reported
having ulcers, whereas 28 (6.4%) patients confirmed the presence of other GI disorders.
An amount of 4 patients reported suffering from thyroid disorders, whereas 16 had a
diagnosis of neurological pathologies, including previous stroke and epilepsy. Concerning
the respiratory system and lung diseases, 38 (8.71%) patients reported having some sort
of respiratory/pulmonary pathology, including asthma, chronic obstructive pulmonary
disease (COPD), and respiratory infections. An amount of 3 patients had liver disease,
and 15 had dermatological disorders, including dermatomycosis, onychomycosis, fibroids,
pityriasis versicolor, dermatitis, and psoriasis or suspected psoriasis. The presence of
prostatic pathologies, dental pathologies, and neoplasms was also examined. An amount
of 2 individuals reported having prostate problems, 15 had dental issues, and 7 had been
diagnosed with neoplasia (i.e., breast, pancreas). These findings, however, were based on a
limited number of patients who provided information (113, 106, and 114, respectively).

Arthralgia and musculoskeletal system disorders (i.e., osteoarthritis, lumbosciatalgia,
post-traumatic arthralgia, and previous fractures) were reported by 51 cases (11.7%); eye
and vision disorders were described by 46 persons (10.55%).

From a psychiatric standpoint, 25 (5.73%) patients reported anxiety, and 15 (3.44%)
patients reported depression; of these, 4 reported both. In addition, few cases of bipolar
disorder (n = 1) and psychosis (n = 2) were documented.
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Figure 1. Main health parameters evaluated in our sample.

The most common pathological conditions found in our sample are detailed in Figure 2.

Pathological conditions

Patients (#)

Figure 2. The most common pathological conditions found in our sample.
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Additional specialist visits, such as cardiologist, dermatologist, dentist, ophthalmolo-
gist, pediatrician, and psychiatrist consultations, were recommended in 196 cases (44.95%).

4. Discussion

Over the last decade, the number of people living in disadvantaged conditions in Italy
has increased, posing a considerable problem in terms of disease screening, diagnosis, and
treatment. As known, this population is highly vulnerable to a variety of health problems,
often having sudden onsets, demanding long hospital stays, and resulting in higher death
rates when compared to the general population [20-23]. In this study, we examined through
unstructured interviews and general health assessment the conditions of 436 participants
who lived in socioeconomically disadvantaged neighborhoods, with the help of general
practitioners and specialized doctors that reached them in their living settings. From a
clinical standpoint, the main health parameters were measured and focused on the presence
or absence of both acute and /or chronic diseases, as well as data pertaining to COVID-19.

From a demographic point of view, the subjects included in this type of study tend to
display comparable characteristics. The majority are often males aged 20 to 70 years, with
an average age of 40 to 50 years [27-30]. Most individuals live in shelters or were, indeed,
not homeless; most participants were living in dormitories at the time of the interview,
whereas others lived in owned, rented, or squatted houses. In terms of employment, only a
few had a job, and even fewer had stable ones; the majority were indeed unemployed, thus
affecting the personal perception of health [28,31].

Smoking-related deaths, particularly lung cancer-related deaths, are common in the
homeless community [32,33]. As indicated in most studies on the matter, the smoking habits
of this demographic group differ from those of the general population and are characterized
by a greater consumption of tobacco [34-37]. COPD and respiratory tract infections are
also frequent medical problems in disadvantaged populations [38,39]. In our study cohort,
a portion of the patients reported having some type of respiratory /pulmonary illness, such
as asthma, COPD, respiratory infections, respiratory failure, and bronchitis/pneumonia.
Due to crowded shelter conditions, these subjects are also at an increased risk of contracting
tuberculosis and, during the COVID-19 pandemic, were at higher risk of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) contagion [40,41].

A significant percentage of our sample reported alcohol use. As known, the homeless
community comprises individuals who frequently suffer from advanced alcoholism, which
is often used as a coping mechanism, and which negatively impacts participation in support
programs. A study conducted on 78 homeless adults found that 75% matched the alcohol
dependence criterion, with significant connections between age, preferred coping strategy,
and amount of alcohol consumption [27,28,30,42—44].

During the general health assessment, both vital signs and blood glucose levels were
assessed. Blood pressure readings showed a prevalence of systolic measurements between
121 and 130 mmHg, with only a few patients displaying values > 180. In terms of dias-
tolic pressure, many participants exhibited values < 85 mmHg, whereas eight displayed
grade 2 hypertension (160-179/100-109 mmHg) and four displayed grade 3 hypertension
(180/110 mmHg). According to the literature, disadvantaged communities are especially
prone to hypertension for a variety of reasons [45-48], with a significant risk of displaying
cardiovascular events and strokes. A study conducted on 390 homeless adults showed
that more than half (average age, 51 years) suffered from this pathology, with a total preva-
lence of 61.52% [43]. On the contrary, in a study by Romaszko et al. [28], hypertension
was detected in 35% of patients, with less than a third of the subjects being aware of the
condition; the lack of awareness could possibly be related to the often-vague symptoms
characterizing this condition. Heart attacks and strokes, on the other hand, tend to be more
frequently reported.

In terms of metabolic diseases and associated pathologies, 40 patients reported suffering
from CVD, 15 suffered from diabetes, 42 were overweight, and 36 were obese. Research
conducted on 297 homeless adults in Taipei City analyzed the participants” obesity-related
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markers and identified patients at risk of CVD [49]. The authors observed that the prevalence
of hyperglycemia, hypertension, and hyperlipidemia in the examined patients was signifi-
cantly higher than in the general population and that the obesity-related indicators, including
BMI, were all risk factors for hypertension and hyperlipidemia. Furthermore, a history of
myocardial infarction was shown to be more common in participants with higher BMlIs; no
such link was detected for strokes [49]. In contrast, Yamamoto et al. [50] found that the mean
BMI and blood pressure in participants living in temporary residences were similar to those
of the general population and confirmed the presence of significant correlations between
hypertension, liver dysfunction, and dyslipidemia and the duration of both homelessness and
residence status. In our patient cohort, only one participant had liver disease. Even though
few of our patients reported a prior or recent history of CVD, the latter is a known primary
cause of mortality among fragile urban populations [51-53]. A study conducted by Gozdzik
et al. [51] in Toronto, Canada, analyzed the CVD risk factors and the 30-year CV risk of 352
fragile adults. The CVD risk of participants was more than double compared to the baseline,
and males were at a greater risk. The majority of patients displayed blood glucose levels
values between 81 and 100 mg/dL, with only a few exhibiting values between >160 mg/dL.
Analogously to what we observed, Bernstein et al. [47] conducted a systematic evaluation of
five databases that included hypertension and diabetes prevalence for US homeless individu-
als and contained data from 97,366 homeless adults. Diabetes was found in 8% of patients.
There were no differences in the prevalence of hypertension or diabetes between the homeless
and the general population. Heart rate measurements and SpO2 values in our patient cohort
were in most cases within the normal range.

Additional pathologies were observed, including gastrointestinal, genitourinary, oph-
thalmological, and dermatological conditions, thyroid-related and neurological pathologies,
dental pathologies, anemia, infections, neoplasms, and allergies. In this regard, Shiue [54]
explored whether living in precarious conditions was related to allergies and skin conditions.
This study was based on the assumption that emotional stress and negative life events might
act as triggers for skin diseases and the development of allergies [54-56]. On the other hand,
arthralgia and other musculoskeletal system disorders (i.e., osteoarthritis, lumbosciatalgia,
post-traumatic arthralgia, and previous fractures) were more commonly encountered.

Regarding mental illnesses, there are several reports in the literature concerning their
incidence in the vulnerable urban communities [57-59]. According to epidemiological
data, the prevalence of mental, neurological, and substance use disorders among fragile
individuals ranges between 25% and 92% [60-62]. Depressive disorders are among the
most prevalent, and frequently result in concomitant physical conditions [63—67]. In our
patient cohort, several patients reported anxiety and depression. In addition, few cases of
bipolar disorder and psychosis were encountered. On this account, a subset of 16 homeless
patients in Dublin were evaluated in a study by Hynes et al. [68]. An amount of 5 of the
16 participants exhibited serious mental illnesses (i.e., paranoid schizophrenia and bipolar
affective disorder), and 2 received multiple diagnoses.

Limits of the Study

This study presents some strengths and some limits. Strengths include a large number
of patients in our sample that was reached over a 10-month period, and the homogeneous
living characteristics of the target population, thanks to the specific methodology adopted
in the study of reaching this population with mobile units. Among the limits, the size
of the sample did not allow us to stratify results by specific factors, such as country of
origin. In addition, subjects self-referred to our care units, therefore patients feeling healthy
could not be evaluated for potential unnoticed pathological conditions. Many conditions
were self-reported by patients without full clinical documentation, and only basic health
assessment could be performed in the setting in which the study took place. Last, patients
that required further diagnostic exams or treatments were referred to tertiary care hospitals
within the Italian national public health system; however, responses from these centers
were not available and therefore not included in the results of this study.
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5. Conclusions

This study provided an overview of the general health status of persons living in
socio-economically disadvantaged neighborhoods in the city of Rome, Italy. Subjects
in our sample showed several pathologic conditions that may be related to their living
conditions, thus encouraging the development of more efficient and effective strategies for
a population-tailored diagnosis and treatment.
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