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Background: Prader–Willi syndrome (PWS) is a multisystemic genetically
determined disorder. Musculoskeletal manifestations are common in most
patients. We report the cases of two children with PWS who developed
inflammatory arthritis, complicated with chronic anterior bilateral uveitis in one
case. To our knowledge, no previous reports of such an association exist.
Case presentation: Case 1 was of a 3-year-old girl diagnosed with PWS who
developed arthritis of the right knee with morning stiffness, joint swelling, and
limited range of motion. Other causes of arthritis were ruled out. Increased
inflammatory markers, antinuclear antibody (ANA) positivity, and hypertrophic
synovitis on ultrasound confirmed the diagnosis of inflammatory arthritis
compatible with juvenile idiopathic arthritis (JIA). Despite the treatment with
methotrexate, arthritis progressed, and etanercept was added. The patient
reached and maintained articular remission while on combined MTX and
etanercept treatment during 9 years of follow-up. Case 2 was of a 6-year-old
boy diagnosed with PWS who developed arthritis of the right knee. Laboratory
investigations showed mildly increased acute phase reactants, microcytic
anemia, and ANA positivity at high titer (titer 1:1,280). Infectious and other
causes of arthritis were excluded. Ultrasound confirmed the presence of joint
effusion and synovial thickening, and synovial fluid analysis was consistent with
inflammatory arthrosynovitis (white blood cell count of 14,200/µl) compatible
with JIA. Shortly after the diagnosis, the ophthalmologic evaluation revealed the
presence of bilateral anterior uveitis. Despite MTX and topical corticosteroid,
ocular inflammation persisted and adalimumab was added. At the last follow-up,
9 months later, the child experienced inactivity of arthritis and uveitis with
normal growth.
Abbreviations

ANA, antinuclear antibody; COVID-19, coronavirus disease 2019; CRP, C-reactive protein; DMARDs, disease-
modifying antirheumatic drugs; DS, Down syndrome; ESR, erythrocyte sedimentation rate; mRNA, messenger
RNA; MTX, methotrexate; PCR, polymerase chain reaction; PWS, Prader–Willi syndrome; rhGH, recombinant
human growth hormone; SDS, standard deviation score; BMI, body mass index; SARS-Cov-2, severe acute
respiratory syndrome coronavirus 2; SGA, small for gestational age; TNFα, tumor necrosis factor alpha;
WBC, white blood cell.
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Conclusions: We aim to raise awareness of this possible association among pediatricians
since arthritis might be underestimated due to high pain tolerance, behavioral
disturbances, and other musculoskeletal abnormalities in PWS patients.
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Article summary

We reported the first clinical description of the association of

Prader-Willi syndrome, chronic inflammatory arthritis and anterior

chronic bilateral uveitis compatible with juvenile idiopathic arthritis.
Introduction

Prader–Willi syndrome (PWS) is a multisystemic disorder caused

by the absence or lack of expression of paternally inherited genes or

maternal disomy on chromosome 15 (15q11.3–q13.3) (1). Clinically,

PWS is characterized by muscular hypotonia, growth deficiency,

ligament laxity, hyperphagia leading to excessive body weight,

hypogonadism, mental retardation, and dysmorphic features (2).

The development of motor and functional skills in PWS patients

may be affected by both hypotonia and obesity (3). Importantly,

muscle hypotonia and impaired motor skills may further reduce

mobility and potentiate morbid obesity in PWS patients. Indeed,

these patients may present several musculoskeletal manifestations

(4). Lower limb malalignment is one of the most reported skeletal

alterations in PWS (up to 78%); unilateral and bilateral genu

valgum or varum have been described. Hip dysplasia or

subluxation is also frequently observed in these patients (up to

22%). About two-thirds of PWS patients develop scoliosis (with or

without kyphosis) early (before 4 years of age) or during

adolescence (5). Various foot abnormalities have been associated

with PWS, such as pes planus, pes cavus, metatarsus adductus, and

hallux valgus (4). Several factors contribute to the high prevalence

of low bone density in PWS that can be prevented with endocrine

therapy, vitamin D supplementation, and physical activity.

We report the cases of two children with PWS who developed

inflammatory arthritis, complicated with chronic anterior bilateral

uveitis in one case. To our knowledge, there have been no previous

reports of such an association. Written informed consent for the

publication of any potentially identifiable images or data

included in this article was obtained from the parents of the

herein-described patients.
Patient presentation

Case 1

A few weeks after birth, a Caucasian girl developed severe

hypotonia, weak suction and cry reflexes, hypo/areflexia and hip

and knee flexion contractures, and facial stigmata (micrognathia,
02
almond-shaped eyes, low-set ears, short neck). The diagnosis of

PWS was made based on methylation-specific polymerase chain

reaction (PCR) revealing maternal disomy of the gene for the

small nuclear ribonucleoprotein polypeptide N on chromosome

15. Recombinant human growth hormone (rhGH) was started at

the age of 2 years, with appropriate growth and weight gain.

Ten months after the initiation of rhGH, an abdominal

retroperitoneal mass was detected and surgically removed. Histologic

examination disclosed a well-differentiated ganglioneuroma with no

indication for chemotherapy and radiation therapy. Treatment with

rhGH was temporally discontinued for 15 months during oncologic

follow-up.

At the age of 3 years, the patient developed arthritis of the right knee

with morning stiffness, joint swelling, and limited range of motion. A

comprehensive laboratory and investigational evaluation for the

differential diagnoses of arthritis was performed; infectious and

neoplastic causes were ruled out. Increased inflammatory markers,

antinuclear antibody (ANA) positivity, and hypertrophic synovitis on

ultrasound confirmed the diagnosis of inflammatory arthritis

compatible with juvenile idiopathic arthritis (JIA). Arthritis progressed

with the involvement of other joints (left knee, first interphalangeal

joint of the right hand, and right ankle) and was recalcitrant to

systemic corticosteroids and nonsteroidal anti-inflammatory drugs.

Therefore, at the age of 4 years, subcutaneous methotrexate

(MTX) was then instituted. However, arthritis persisted despite

intraarticular joint injections of corticosteroids (synovial fluid

was not analyzed) and MTX. Etanercept, a tumor necrosis factor

inhibitor, was then added at the age of 6 years.

The patient reached and maintained articular remission while

on combined MTX and etanercept treatment throughout the 9

years of follow-up (Figure 3).

During our entire observation period, there was no evidence

of uveitis, and the oncologic evaluation showed no signs of

ganglioneuroma progression.
Case 2

Shortly after birth, an Egyptian boy developed hypotonia,

feeding difficulties requiring enteral nutrition, and notable

bilateral cryptorchidism. The presence of paternal deletion of

chromosome 15 long arm on methylation-specific PCR and array

comparative genomic hybridization confirmed the presumptive

clinical diagnosis of PWS. The treatment with rhGH was started

at the age of 1.8 years.

At the age of 6 years, the patient was referred to our pediatric

rheumatology outpatient clinic due to a 2-month history of painful
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swelling of the right knee, limited range of motion, and morning

stiffness. The rheumatologic evaluation confirmed the presence of

monoarthritis. Laboratory investigations showed mildly increased

acute phase reactants, microcytic anemia, and ANA positivity at

high titer (titer 1:1,280). Infectious and other causes of arthritis

were excluded. Ultrasound confirmed the presence of joint

effusion and synovial thickening (Figure 1), and synovial fluid

analysis was consistent with inflammatory arthrosynovitis (white

blood cell count of 14,200/µl) compatible with JIA. The patient

underwent ophthalmological screening upon guidelines for

patients with JIA. At the first eye evaluation, 1 month after the

diagnosis of arthritis, a completed ophthalmological evaluation,

including slit-lamp biomicroscopy, revealed the presence of

inflammatory cells in the anterior chamber, posterior synechiae,

band keratopathy, and initial cataract in both eyes (Figure 2),
FIGURE 1

Knee ultrasound of case 2 showing active synovitis. °, Power Doppler signal
arrow, bone.

FIGURE 2

Multimodal imaging of the left eye of a 7-year-old boy with Prader–Willi synd
granulomatous deposits and posterior synechiae. Spectral-domain optical
anatomy and thickness within normal limits.
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compatible with asymptomatic anterior bilateral uveitis.

Intraocular pressure and fundus evaluation were normal.

Subcutaneous MTX was begun, and topical corticosteroid therapy

was instituted. Six months later, adalimumab was added due to

persistent uveitis. At the last follow-up, 9 months later, the child

experienced inactivity of arthritis and uveitis with normal growth

(Figure 3).
Discussion

To the best of our knowledge, chronic inflammatory arthritis

and uveitis have not been described in patients with PWS. Our

two patients showed early onset of arthritis lasting more than 6

weeks without a known underlying cause, positive ANA, raised
of synovial tissue; arrows, synovial hypertrophy; <, growing cartilage; big

rome (case 2). Anterior segment slit-lamp photography (left) showed no
coherence tomography + infrared reflectance (right) displayed macular
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FIGURE 3

Timeline of clinical manifestations and treatments. RnGH, recombinant human growth hormone; MTX, methotrexate. *Treatment with rhGH was
temporally discontinued for 15 months due to a diagnosis of ganglioneuroma.
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inflammatory markers, leukocytes in synovial fluid analysis, joint

effusion, and synovial thickening at ultrasound imaging

(Table 1), complying with JIA diagnosis. Furthermore, ocular

findings of asymptomatic anterior uveitis in case 2 are consistent

with JIA-associated uveitis (6, 7). The clinical framework of the

herein-reported patients fits the JIA classification criteria (8);

therefore, the overall management of these patients (including

treatment approach and uveitis screening schedule) followed the

general recommendation for JIA. However, since JIA diagnosis is

made after excluding other causes of arthritis, it might be argued

that the concomitant presence of a predefined genetic syndrome

could play a role in the development of joint inflammation. At

present, there is no evidence of such speculation in PWS.

The association with inflammatory arthritis has been

previously investigated in Down syndrome (DS) (9). The DS-

associated arthritis (DS-A) seems slightly different from JIA

given the higher age at arthritis diagnosis (11 years), the higher

rate of polyarticular-RF-negative arthritis, the frequent
TABLE 1 Demographic and clinical features.

Age at
arthritis
onset

Time to a pediatric
rheumatology referral

Presence of
morning
stiffness

ANA Elevates ESR
and CRP

Case 1 3 years 2 weeks Yes Positivea CRP: 36.5 mg/L
ESR: 45 mm/h

Case 2 6 years 2 months Yes 1:1,280 CRP: 14.6 mg/L
ESR: 46 mm/h

aANA-IF: only semiquantitative assessment available.
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involvement of upper extremities, and the peculiar erosive course

with a high burden of disability and joint damage (9).

Furthermore, patients with DS-A described in the series were

ANA-negative, showed normal or low inflammatory markers,

and none developed uveitis during the observation period.

However, the diagnostic delay must be remarked as a potential

bias. Indeed, more than half of a cohort of patients with DS-A

(18 out of 33 patients; 55%) was identified through a

musculoskeletal screening visit (out of 503 DS patients) (9).

Joint inflammation has also been reported in patients with

Alagille syndrome (10). An international cohort reported 10

patients with Alagille syndrome and inflammatory arthritis. In this

cohort, arthritis developed at 6.5 years of age and had a prevalent

oligoarticular pattern (80%), with lower extremities more

frequently affected. To note, two patients developed uveitis (10).

Inflammatory arthritis resembling JIA has also been described

in Stickler syndrome (11). Various degrees of joint involvement

have been described in metabolic diseases such as Gaucher
Pattern of
arthritis

Uveitis Treatment

, Extended
oligoarthritis

No MTX + etanercept

, Monoarticular Anterior, nongranulomatous, and
complicated by posterior synechiae

MTX + adalimumab
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disease and mucopolysaccharidoses; nevertheless, the articular

disease in these disorders lacks inflammatory features (12, 13).

In a genetic syndrome setting, treating inflammatory arthritis

might be challenging for several reasons, such as comorbidities,

efficacy and safety of commonly used drugs, and finally low

patient compliance (10, 14).

Jones et al. (14) reported higher rates of disease-modifying

antirheumatic drug (DMARD) adverse events and ineffectiveness

of biologic therapies in children with DS-A compared to

canonical JIA patients (93% vs. 25% and 60% vs. 17%, respectively).

Ferrara et al. (10) reported a high rate of biological therapy use

(80%) in patients with Alagille syndrome and inflammatory

arthritis; this might be partially explained by the impossibility of

using MTX, a DMARD of choice for inflammatory arthritis, in

these children, given its potential hepatotoxicity .

In accordance with these data, both our patients required the

combination of MTX and a TNF-a inhibitor to achieve disease

remission.

Body mass index (BMI) is a well-known clinical parameter to

influence JIA activity. Indeed, obesity may negatively impact

disease course and treatment response in children with JIA (15,

16). On the other hand, JIA treatment (biologic and synthetic

DMARDs) positively affects children’s growth, fostering height

gain with a stable BMI (17, 18). Focusing on PWS patients, these

considerations are even more compelling.

Musculoskeletal manifestations are common in PWS and

include ligamentous laxity, scoliosis, osteoporosis, limb

misalignment, and foot abnormality (4). Muscle weakness and

functional limitations of lower limb joints lead to a

nonphysiological gait pattern in these children (3).

In this setting, intellectual disabilities, pain tolerance, and

physical features such as obesity should be taken into

consideration during standard evaluation. Indeed, food cravings

and gain in body weight between the ages of 1 and 6 years play

an important role in delayed motor development in most

patients and might negatively impact the possibility of detecting

signs of arthritis. The clinical examination might be challenging

in PWS patients, and arthritis may be difficult to appreciate due

to obesity and low patient compliance. In addition, gait

abnormalities and musculoskeletal problems might be more

easily attributed to noninflammatory manifestations of PWS,

leading to diagnosis delay or misdiagnosis. Therefore, PWS

children might benefit from periodic assessment of their

musculoskeletal complaints to not miss possible inflammatory

manifestations.

Although vision issues are a significant concern in children

with PWS (19), chronic uveitis has never been described in these

patients. Case 2 developed asymptomatic chronic anterior uveitis

shortly after diagnosis of arthritis, compatible with uveitis, which

is the typical extra-articular manifestation of JIA (20). Regular

ophthalmological screening and early immunosuppressive

treatment are mandatory to prevent vision-threatening

complications and severe visual loss in patients with JIA-

associated uveitis. A multidisciplinary approach between the

pediatric rheumatologist and the uveitis specialist is of
Frontiers in Pediatrics 05
paramount importance in patients with JIA, particularly when

there is a genetic-associated disorder.

In summary, we report the first clinical description of the

association of PWS, chronic inflammatory arthritis, and anterior

chronic bilateral uveitis compatible with JIA. We believe that it is

crucial to raise awareness of this possible association among

pediatricians since arthritis might be underestimated due to the

high pain tolerance, behavior disturbances, and the presence of

other musculoskeletal abnormalities in PWS patients.

Furthermore, the possible development of asymptomatic uveitis

makes the need for prompt diagnosis even more compelling.
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