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Key messages

What is already known about this subject?
 ► children with Down syndrome (DS) are at increased 
risk of arthritis.

 ► inflammatory arthritis in children with DS is most 
often polyarticular rheumatoid factor negative, with 
predominance in the small joints of the hands and 
wrists.

What does this study add?
 ► there is a general lack of awareness about the in-
creased risk of arthritis in children with DS among 
the general public and healthcare professionals. this 
almost certainly contributes to the delayed diagnosis 
and irreversible joint damage observed in this cohort 
of children.

How might this impact on clinical practice?
 ► inflammatory arthritis can be asymptomatic, and 
potentially erosive and debilitating if left undetect-
ed and untreated. an annual musculoskeletal as-
sessment as part of physician guidelines for health 
surveillance in children with DS would help identify 
affected children.

 ► Mri with gadolinium contrast is a useful diagnostic 
tool for definitive diagnosis of arthritis in children 
with DS. consider if any concerns, as clinically and 
laboratory-wise there can be little to aid diagnosis.

AbstrAct
there is an increased incidence and prevalence of 
arthropathy in children with Down syndrome. However, it is 
rarely reported or recognised at onset, and remains under-
diagnosed. children with arthropathy of Down syndrome 
(a-DS) are presenting with significant joint damage and 
disability at diagnosis.
Objective to identify undiagnosed cases of a-DS and 
document time to diagnosis. also to describe clinical, 
laboratory and radiological features of a-DS at diagnosis.
Methodology children with Down syndrome (DS) (0–21 
years) were invited to attend a musculoskeletal screening 
clinic. a second physician at a further clinic confirmed 
suspected cases of a-DS. investigations and treatment 
were instigated as per normal clinical practice for Juvenile 
idiopathic arthritis (Jia). Data on a convenience sample 
of 21 newly diagnosed children with Jia was collected to 
create a comparison group.
Results Over an 18-month period, 503 children with DS 
were screened for arthritis and 18 new cases diagnosed. 
in total, 33 children were identified with a-DS (combining 
cases attending pre-dating commencement of the study 
and those referred to our centre during the study period). 
this suggests prevalence of a-DS is 20/1000. a significant 
delay in diagnosis of a-DS was observed. the majority of 
children presented with polyarticular-rheumatoid factor-
negative arthritis, with predominance in the small joints of 
the hands and wrists. erosive changes were reported on 
X-ray in a significantly greater proportion (42%) of children 
with a-DS than Jia (14%). Mri was used to confirm 
diagnosis in four cases.
Conclusion children with DS are at increased risk of 
arthritis. Future research to accurately define disease 
pathogenesis and identify a biomarker of disease would be 
of benefit.

InTROduCTIOn
Juvenile idiopathic arthritis (JIA), an auto-
immune disease, is an umbrella term used 
to describe seven different subtypes of child-
hood arthritis using the International League 
of Associations for Rheumatology (ILAR) 
classification criteria.1 It has an estimated 
European prevalence of 1 in 1000,2 and an 
incidence of about 0.2–2.3 per 10 000.3 Early 
diagnosis and aggressive treatment of JIA are 

essential to maximise an optimal outcome.4–8 
Delay or absence of appropriate treatment 
can result in potentially devastating conse-
quences, including permanent disability from 
joint destruction, growth deformities and 
even blindness (from chronic uveitis associ-
ated with JIA).9

Down syndrome (DS) is a chromosomal 
disorder caused by full trisomy 21 (94%–
97%), translocations (2%–4%) or mosaicism 
(1%–2%).10–15 It is a phenotypically heteroge-
neous condition with an estimated worldwide 
incidence of 1/1000. Irish incidence is 1/547, 
the highest in Europe.16 17 DS is characterised 
by distinctive facial features, learning diffi-
culties and a variety of medical conditions 
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Figure 1 Flow diagram summarising the musculoskeletal 
screening process and follow-up provided to all children with 
Down syndrome that participated in the study.

including autoimmune disorders such as diabetes 
mellitus, coeliac disease and thyroid dysfunction.18–25 
Arthritis is reported to occur, but is rarely recognised at 
onset, and remains under-diagnosed.26

Studies looking specifically at arthritis in DS are limited. 
All involve retrospective chart reviews.26–32 Other than two 
separate case reports by Sherk et al27 and Herring et al28 
in 1982, Yancey et al. (1984)30 were the first to describe 
in detail a JIA-like arthropathy in seven children with DS, 
and coined the phrase ‘arthropathy of DS’ (A-DS).

There are no published population surveys but crude 
estimates suggest more than a random association between 
DS and arthritis, with higher incidence and prevalence 
rates than JIA. A-DS incidence is reported to be threefold 
greater than JIA, and prevalence 8.7–10.2/1000.26 29 31 
Despite these suspected higher incidence and prevalence 
rates, a delay in diagnosis is a feature consistently reported 
in the few published reports to date.26 30 31 Olson et al 
(1990)31 report the mean time to diagnosis of A-DS was 
3.3 years (range 0.25–9 years). A recent study reports 
time to diagnosis of JIA from symptom onset was 0.25 
years (0.02–6.8 years), significantly less than reported for 
children with A-DS.33 Delayed diagnosis of arthritis leads 
to both articular and extra-articular complications.34 In 
A-DS, the delay in diagnosis is potentially detrimental and 

could lead to permanent joint damage and disability in a 
population already at risk of gross motor limitations.35–37

The aim of this study was to identify cases of undiag-
nosed arthritis and delineate time to diagnosis of arthritis 
in children with DS. In addition, we describe clinical, 
laboratory and radiological features of A-DS at diagnosis.

MeTHOds
This was an observational study carried out over an 
18-month period that involved the development of 
national musculoskeletal screening clinics for children 
with DS. The target population was children aged 0–21 
years with DS living in the Republic of Ireland. Using 
EUROCAT (European surveillance of congenital anom-
alies) data, this was estimated to be 1652 individuals ( 
www. eurocat- network. eu). The target population was 
sourced using convenience sampling with the help of a 
national charity organisation, Down Syndrome Ireland 
(DSI); 1300 children registered with their service met 
the target population criteria. Other avenues used to 
source participants were general paediatric, specialist 
and developmental clinics attended by children with DS 
in our tertiary hospital (Our Lady’s Children’s Hospital, 
Crumlin (OLCHC)); through liaison with the Chartered 
Physiotherapists in Intellectual Disability of Ireland; and 
by enrolment of the study in the Irish Paediatric Surveil-
lance Unit (IPSU).

Awareness and information about the study were made 
available to as many as possible of the target population 
through the sources outlined above. Eligible participants 
were invited to attend local or regional musculoskeletal 
screening clinics where a full medical history was ascer-
tained and a musculoskeletal examination performed 
by a paediatric rheumatology clinical fellow. If concerns 
were raised with regards to joint inflammation and/or 
new musculoskeletal findings, children were invited to 
attend the National Centre for Paediatric Rheumatology 
(NCPR) at OLCHC for assessment by a Consultant Paedi-
atric Rheumatologist. At this appointment, diagnosis of 
arthritis was clinically confirmed, or appropriate referrals 
for radiological confirmation made if required. The active 
joint count (AJC), universally defined as the number of 
joints with clinical evidence of pain and/or swelling, or 
evidence of synovial enhancement on MRI with gado-
linium contrast of the affected joint; and restricted 
joint count (RJC), universally defined as the number of 
joints with limitation of the normal range of movement 
expected were documented. Investigation and manage-
ment were as per normal clinical practice for all newly 
diagnosed cases of arthritis. Bloods including C-reactive 
protein (CRP), erythrocyte sedimentation rate (ESR), 
anti-nuclear antibody (ANA) and rheumatoid factor 
(RF), and baseline X-rays of affected joints were under-
taken in cases identified. Figure 1 summarises the muscu-
loskeletal screening process and follow-up provided to all 
children with DS that participated in the study.
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Table 1 Demographic, clinical and laboratory features at diagnosis of A-DS (n=33) and JIA (n=21). Where data are presented 
as median and range, statistical significance was determined using the Mann-Whitney U test. For data presented as a 
proportion of the total population, statistical significance was calculated using the χ2 test or Fisher exact test

Characteristic
A-DS
n=33

JIA
n=21 p value

Age, median in years (range) 11.4
(0.3–19.2)

6.3
(1.1–16)

p<0.001

Gender, n male (% male) 18 (55) 11 (52) ns

AJC, n (range) 3
(0–18)

4
(1 – 13)

ns

RJC, n (range) 4
(0–12)

1
(0–10)

p<0.05

*Small joint involvement, n (%) 28 (85) 9 (43) p<0.01

Raised ESR at diagnosis, n (%) 8† (32) 15 (71) p<0.01

Raised CRP at diagnosis, n (%) 3‡ (10) 6 (29) ns

ANA positive, n (%) 0 (0) 5 (24) p<0.01

RF positive, n (%) 0 (0) 1 (5) ns

*Small joint involvement is defined as evidence of active inflammation in the metacarpophalangeal, proximal and/or distal interphalangeal 
joints of the hands.
†A-DS cohort of n=25.
‡A-DS cohort of n = 29 (n numbers less than total cohort as results missing).
A-DS, Arthropathy of Down syndrome; AJC, Active joint count;ANA, anti-nuclear antibody; CRP, C-reactive protein; ESR, erythrocyte 
sedimentation rate; JIA, Juvenile Idiopathic Arthritis ; RF, rheumatoid factor; RJC, Restricted joint count; n, number; ns, not significant.

A comparison group was created using a convenience 
sampling method of all children newly diagnosed with 
JIA at the NCPR over the same 18-month period. The 
OLCHC Ethics Committee granted approval for this 
study.

ResulTs
Over the 18-month period of the study, 503 children 
with DS underwent a detailed musculoskeletal examina-
tion. This equates to about 30% of the target population 
(503/1652). Of the 503 children screened, 56% were 
male and the median age was 8.1 years (0.6–19.2 years). 
Combining cases detected through screening (n=18), 
new cases directly referred to our centre during this time 
period (n=4), and those diagnosed and attending our 
centre pre-dating the national screening initiative (n=11), 
a total of 33 A-DS cases were recruited to the study. Data 
was also collected on 21 children newly diagnosed with 
JIA; 52% male, median age 6.3 years (1.1–16 years).

Demographic, clinical and laboratory features at 
diagnosis of the A-DS and JIA cohorts are presented in 
table 1. Time to diagnosis of A-DS was 1.2 years (0.1–4.5 
years), significantly delayed (p<0.05) compared with JIA, 
0.4 years (0.1–3 years) (figure 2A).

In the JIA cohort (figure 2B/C), two peaks are seen 
with regards to age at diagnosis. One occurs in early 
infancy (48%) and the other in the pre-teen years (48%). 
Only 4% of children with JIA were diagnosed at 13 years 
or older. In contrast, the greatest percentage of children 
diagnosed with A-DS were between 13 and 20 years.

Of the 18 children detected through screening, 89% 
(n=16) had poor language skills or were non-verbal, and 

28% (n=5) were on the autistic spectrum. Only three 
(17%) of the parents suspected arthritis, and confirmed 
that this suspicion arose only on reading the study infor-
mation leaflet. Figure 3A presents the route taken to 
reach rheumatology for children with A-DS and JIA. 
The majority of children with JIA were referred to rheu-
matology by their paediatrician (38%) or general prac-
titioner (GP; 33%). In contrast, over half of children 
diagnosed with A-DS (55%) were detected through the 
national musculoskeletal screening initiative.

A conservative estimate of A-DS prevalence calculated 
using 33 cases known in an estimated target population 
of 1652, is 20/1000. This suggests that A-DS is at least 20 
times more common than JIA.2

Applying the ILAR classification criteria to the A-DS 
cohort, the majority of children would be classified as 
the subtype, polyarticular-RF-negative arthritis (82%) 
(figure 3B). This proportion is significantly higher than 
observed in the JIA cohort where 19% presented with 
this subtype (p<0.00001).

Clinical and laboratory features of A-ds
Figure 3C illustrates the joints affected by arthritis in 
A-DS. The proximal interphalangeal (PIP) joints of the 
hands were most frequently involved (79%). Small joint 
involvement of the hands, which includes the metacar-
pophalangeal (MCP), PIP and distal interphalangeal 
(DIP) joints, was significantly more prevalent (p<0.01) 
in A-DS (85%) than JIA (43%). Furthermore, 30% of 
the cohort of children with A-DS presented with involve-
ment of the small joints of the hands and/or wrist(s) 
only.
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Figure 2 Time to diagnosis from symptom onset and age 
at diagnosis of A-DS and JIA. (A) The dot plot represents 
time to diagnosis (Dx) from symptom onset of A-DS (n=18) 
and JIA (n=21). Data are presented as median ± interquartile 
range (IQR). Average time to diagnosis for children with A-DS 
was significantly delayed compared to children with JIA, 
determined using a Mann-Whitney U test, *p<0.05, **p<0.01, 
***p<0.001. (B) The dot plot represents age at diagnosis of 
A-DS (n=33) and JIA (n=21). Data are presented as median 
± IQR. Average age at diagnosis for children with A-DS was 
significantly older compared to children with JIA, determined 
using a Mann-Whitney U test, *p<0.05, **p<0.01, ***p<0.001. 
(C) The bar chart represents the age distribution at diagnosis 
in the A-DS and JIA cohorts. Results are presented as 
percentage of total cohort (A-DS, n=33 and JIA, n=21). Two 
main peaks are observed in JIA. One in early infancy (48%) 
and the second in the pre-teen years (48%). In contrast, 
the greatest proportion of children with A-DS (43%) were 
diagnosed at age 13 years or above. A-DS, arthropathy of 
DS; JIA, juvenile idiopathic arthritis.

Figure 3 Route to rheumatology and ILAR classification 
of A-DS and JIA, plus presenting joints involved in A-DS. 
(A) The pie charts represent the route to rheumatology care 
for children diagnosed with A-DS (n=33) and JIA (n=21). 
Children with JIA are most commonly referred by their 
Paediatrician, GP or Orthopaedic team. In contrast, the 
majority of children diagnosed with A-DS were detected 
through the national musculoskeletal screening initiative (ie, 
research). (B) The pie charts represent the ILAR subtypes of 
arthritis observed in children diagnosed with A-DS (n=33) 
and JIA (n=21). (C) The bar chart represents the joints 
affected by arthritis at diagnosis in children diagnosed with 
A-DS. The most commonly affected joints in this cohort of 
children were the PIP joints of the hands. A-DS, arthropathy 
of DS; A&E, accident and emergency department; ERA, 
enthesitis-related arthritis; GP, general practitioner; ILAR, 
International League of Associations for Rheumatology; 
JIA, juvenile idiopathic arthritis; MCP, metacarpophalangeal 
joint; Oligo, oligoarticular arthritis; PIP/DIP, proximal/
distal interphalangeal joint; Poly, polyarticular arthritis; 
RF, rhematoid factor; SoJIA, systemic-onset JIA; TMJ, 
temporomandibular joint.

A similar AJC was observed at diagnosis between the 
A-DS and JIA cohorts. This pattern was not reflected in 
the ESR and CRP measurements (figure 4A/B). Both 
acute phase reactants (APRs) were raised less frequently 

in A-DS. A significantly greater RJC was observed in chil-
dren with A-DS at diagnosis (p<0.05) (figure 4C).

ANA positivity (titres>1/160) occurred in 24% of the 
JIA cohort (n=5). All children with A-DS had a negative 
ANA measurement. Over the time period of this study, no 
cases of uveitis have been identified in the A-DS cohort, 
with one case occurring in the JIA cohort (5%).
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Figure 4 Clinical, laboratory and radiological features of arthritis at diagnosis in children with A-DS and JIA; and the 
importance of MRI with gadolinium contrast in aiding diagnosis of active synovitis in children with A-DS. (A) Dot plot represents 
AJC at diagnosis in the cohort of children with A-DS (n=33) and JIA (n=21). (B) The bar chart represents the proportion of 
children with A-DS and JIA that had raised APRs at diagnosis (ESR and CRP). (C) Dot plot represents RJC at diagnosis 
in the cohort of children with A-DS (n=33) and JIA (n=21). (D) Bar chart demonstrating features identified by a paediatric 
musculoskeletal radiologist on joint X-rays taken at diagnosis in children with A-DS and JIA. In (A) and (C), data are presented 
as median +/- IQR and statistical significance determined using a Mann-Whitney U test, *p<0.05, **p<0.01, ***p<0.001. In 
(B) and (D), data are presented as a percentage of the total cohort and statistical significance calculated using the χ2 test, 
*p<0.05, **p<0.01, ***p<0.001. (E) Photograph of the hands of a 13-year- old boy with DS diagnosed with arthritis. Clinodactyly 
of the fifth digits noted bilaterally. Thickening of the PIP joints of the index, middle and to a lesser degree ring fingers is noted 
bilaterally. The thumb IP joints are also thickened bilaterally, as is the left thumb MCP joint. This young boy was asymptomatic 
on examination, although there was slight loss of end range of movement on flexion of the left wrist. Features were consistent 
with a history of previous arthritis with no concurrent active disease. (F) AP radiograph of the left hand of the boy described 
in figure 4E demonstrates some soft tissue swelling overlying the PIP and DIP joints of the index finger and thumb IP joint, 
with less prominent changes overlying the distal phalanx of the other fingers. Irregularity to the tip of the distal phalanx of 
the little finger represents a small erosion. (G) MRI with gadolinium contrast of the left wrist described in figure 4E and F 
shows enhancement of the synovium overlying the proximal carpal row and MCP joints suggestive of active synovitis. A-DS, 
arthropathy of DS; AJC, active joint count; AP, anteroposterior; APRs, acute phase reactants; CRP, C-reactive protein; DIP, 
distal interphalangeal; DS, Down syndrome; ESR; erythrocyte sedimentation rate; IP, interphalangeal; JIA, juvenile idiopathic 
arthritis; MCP, metacarpophalangeal joint; PIP, proximal interphalangeal; RJC, restricted joint count.
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Figure 5 Schematic highlighting challenges which may 
impede correct and timely diagnosis of A-DS (from top, 
clockwise). The first is lack of awareness about the increased 
risk of arthritis in children with DS among both the general 
public and healthcare professionals; Gradual functional 
loss over time rather than an acute presentation may go 
undetected by the child’s carer. Frequently, delay in motor 
development is falsely attributed to intellectual disability, 
and changes in activities of daily living to behavioural 
problems associated with DS, rather than a possible 
diagnosis of arthritis. Hypermobility, a feature of DS may 
make musculoskeletal examination more challenging, as it 
may be difficult to appreciate loss of range of movement 
secondary to an inflammatory arthritis. Many children may be 
uncooperative when it comes to examination. This combined 
with poor verbal skills can make eliciting a clear history and 
thorough musculoskeletal examination challenging. Apparent 
differences in pain expression have been reported in children 
with DS. Children with DS often adapt to pain with reported 
observations such as slowing mobility, reluctance to hold a 
parental hand or behavioural change. Therefore, these are 
key features to try and tease out when taking a history from a 
child with a suspected diagnosis of A-DS.

radiological features of a-DS
A range of radiological features were observed in A-DS 
and JIA at diagnosis (figure 4D). Plain radiographs, 
reported by a paediatric musculoskeletal radiologist 
were performed on joints with clinical evidence of active 
arthritis, or joints that were deemed clinically inactive but 
had signs to suggest previous disease in the joint, such as 
bony articular thickening.

Soft tissue swelling was the most common feature 
reported, noted in 67% of children with A-DS, signifi-
cantly more frequently (p<0.001) than in children with 
JIA (21%). Erosions, suggesting irreversible joint damage 
were reported in 42% of children with A-DS imaged. This 
was significantly greater (p<0.05) than the frequency of 
erosions identified in children with JIA (14%).

MRI with gadolinium contrast was performed in 4/33 
(12%) children with suspected A-DS. All four patients 

had active synovitis confirmed with significant enhance-
ment of the ulnocarpal, radiocarpal, intercarpal, carpo-
metacarpal, MCP and PIP joints. No MRI scans were 
required to confirm diagnosis in the JIA cohort as clinical 
signs were sufficient.

dIsCussIOn
Prior to commencement of this research, studies of 
arthritis associated with DS have been limited.26 29–32 In 
this report, we describe a cohort of 33 children with A-DS. 
Comparable to previous reports, our results confirm an 
increased risk of arthritis in children with DS. However, 
we suggest that prevalence is at least 2–3 times greater 
than previously reported. We also observed a significant 
delay in diagnosis of A-DS, the reasons for this being 
multifactorial.

Figure 5 highlights the number of challenges that may 
be encountered when caring for children with DS that 
may impede correct and timely diagnosis of A-DS. The 
first is the lack of awareness about the increased risk of 
arthritis in children with DS among both the general 
public and healthcare professionals. This is illustrated by 
the fact that the majority of parents whose child received 
a diagnosis of A-DS following attendance at a screening 
clinic were unaware that their child was displaying signs of 
arthritis. In fact, the delay in time to diagnosis we report 
for our cohort of A-DS may be an underestimation as 45% 
(n=15) were unable to estimate time of symptom onset. 
These 15 cases were detected through the screening 
clinics. Lack of awareness can also contribute to misdi-
agnoses, a finding observed and reported by Cruikshank 
et al. (2008).38 In this study, the authors found that 
despite presenting on numerous occasions with clinical 
findings consistent with a diagnosis of arthritis, misdi-
agnoses such as soft tissue injury, multiple epiphysial 
dysplasia and development delay were made. Frequently 
delay in motor development is falsely attributed to intel-
lectual disability, and changes in activities of daily living 
attributed to behavioural problems associated with DS, 
rather than a possible diagnosis of arthritis.31 Hyper-
mobility, a feature of DS may make musculoskeletal 
examination more challenging, as it may be difficult to 
appreciate loss of range of movement secondary to an 
inflammatory arthritis. If there is gradual functional loss 
over time rather than an acute presentation, this may go 
undetected by the child’s parent/guardian thus contrib-
uting to a delay in diagnosis. Many children may be unco-
operative when it comes to examination. This combined 
with poor verbal skills can make eliciting a clear history 
and thorough musculoskeletal examination challenging. 
Interestingly, the majority of children with A-DS detected 
through the screening clinics (89%) had poor language 
skills or were non-verbal, and 28% were on the autistic 
spectrum. This may explain why these children had not 
previously presented to their GP or paediatrician with 
joint concerns, as they may have been unable to articu-
late symptoms to their caregivers.
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Apparent differences in pain expression have also been 
reported in children with DS. Studies have shown that 
fewer responses to painful stimuli have been observed 
in laboratory mice with DS, individuals with DS express 
pain or discomfort more slowly and less precisely than 
the general population, and parents of children with DS 
report more difficulty identifying pain, or the source of 
their child’s pain.39–41 Defrin et al (2004)42 suggest that 
individuals with DS are in fact more sensitive to pain than 
normal, but that slower reaction time gives the impres-
sion that pain threshold is higher than it actually is. With 
this understanding in mind, it is easy to see how differ-
ences in pain expression between children with and 
without DS may contribute to failure to report arthritis 
symptoms by children with A-DS. We identified that chil-
dren with DS often adapt to pain with observations such 
as slowing mobility, reluctance to hold a parental hand or 
behavioural change reported by care givers. Therefore, a 
detailed history is required to identify potential clues that 
may aide diagnosis in suspected cases of A-DS.

The majority of children with A-DS presented with poly-
articular-RF-negative arthritis, predominantly affecting 
the small joints of the hands and wrists. A high proportion 
had erosive changes at diagnosis, greater than observed 
in the JIA comparison group. This highlights that chil-
dren with A-DS present with a greater degree of irrevers-
ible joint damage and disability at diagnosis. This may 
be as a consequence of the delay in diagnosis observed; 
however, our clinical impression is that A-DS appears to 
be a more aggressive, erosive disease than JIA such that 
children with A-DS are developing erosions earlier in 
their disease course than would typically be expected in 
a child with JIA.

Although JIA is defined as onset of arthritis before 16 
years, the highest frequency occurs in children aged 1–3 
years.2 Disease onset before 1 year is distinctly unusual 
in any category of JIA, and no cases less than 1 year were 
identified in our JIA cohort. Age at diagnosis in our JIA 
cohort was biphasic, occurring in the 0–5 and 6–12 year 
age groups (figure 2C). The ILAR subtype, polyartic-
ular-RF-negative JIA has two peaks in age of onset; the 
first in infancy (1–4 years) and the second at 6–12 years.43 
Applying the ILAR criteria to our cohort of children 
with A-DS, most children would be classified as having 
polyarticular-RF-negative arthritis. However, in children 
with A-DS, the age at diagnosis was significantly older 
compared with our JIA cohort, and did not demonstrate 
a biphasic peak in age of onset as would be expected for 
a typical cohort of children with a polyarticular-RF-nega-
tive pattern of arthritis. Furthermore, in contrast to the 
apparent older age of onset of arthritis in children with 
A-DS, two children with DS developed arthritis before 
age 1, in fact both less than 6 months of age. It is likely 
that the older peak observed for age of diagnosis in the 
cohort of children with A-DS reflects delay to diagnosis. 
In fact, children with A-DS may develop arthritis at a 
younger age than would be expected for a child with JIA.

Clinical and laboratory features observed in A-DS 
appear to have some distinct differences to JIA. 
Eighty-one per cent of children with A-DS presented with 
polyarticular-RF-negative arthritis; this proportion being 
significantly greater than observed in the JIA cohort 
(figure 3B). Similar to our JIA cohort, in a global popu-
lation of children with JIA, the ILAR subtype polyartic-
ular JIA accounts for approximately 20%, about 15% of 
whom would be RF positive.2 44 No children with A-DS 
were RF positive. Oligoarticular JIA (50%–80%) is the 
most common form of childhood arthritis.2 This subtype 
was observed in only 3% of the A-DS cohort. The most 
commonly affected joint in JIA is a knee, whereas in 
A-DS the PIP joints of the hands (79%) predominate 
(figure 3C). In some instances (30%), children with A-DS 
presented with small joint and wrist involvement only. No 
children with A-DS were ANA positive or had developed 
uveitis at the time of publication. In a cohort of chil-
dren with polyarticular-RF-negative arthritis, 40% would 
be expected to be ANA positive, and 10% to develop 
uveitis.2 45

Results of APRs (CRP and ESR) were raised signifi-
cantly less frequently in A-DS when compared to children 
with JIA, although ESR does appear to be more useful in 
aiding diagnosis of both conditions compared with CRP 
(figure 4B). This highlights the importance of a thorough 
history and examination when caring for children with 
suspected A-DS. Clinical signs can be extremely subtle 
and may include slight asymmetry or loss of end range 
of movement of the affected joint. This subtlety of clin-
ical findings is often confounded by failure of children 
with DS to report pain on history or examination. Blood 
tests can be falsely reassuring and so a low threshold to 
refer for MRI with gadolinium contrast is advised in any 
suspected cases of A-DS. Our experience is that there was 
greater than expected MRI confirmation of active syno-
vitis if correlating to clinical signs. In two of the four cases 
imaged with MRI although the history was suggestive of 
a possible previous inflammatory episode, there were no 
clinical signs to support the same on examination. MRI 
(with gadolinium contrast) is considered the gold stan-
dard for diagnosis of active synovitis.43 It is very helpful 
in detecting synovial abnormalities within the joint, and 
is more sensitive than clinical and radiographic examina-
tion for detection of inflammatory soft tissue and early 
bone changes.43 However, high cost, limited availability 
and the frequent need for sedation can limit the use of 
MRI.

We describe a cohort of children with arthritis and DS 
that most frequently present with a polyarticular-RF-neg-
ative arthritis, predominantly affecting the small joints of 
the hands and wrists. The arthritis is erosive in nature; a 
finding we do not believe is solely related to the observed 
delay in diagnosis of A-DS. We also report a lack of ANA 
positivity and often-minimal acute phase markers on 
review of blood results. It may be reasonable to suggest 
that A-DS is a distinct disease to JIA. Children with DS 
have different genetics and immunology than children 
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without DS, and are at increased risk of a number of auto-
immune conditions, further supporting this theory.12-22 
Future studies to explore the immune, histological and 
genetic basis of A-DS are required to improve our under-
standing of the pathogenesis of A-DS.

Modern treatment of JIA involves rapid induction of 
disease control. At present, treatment for children with 
A-DS follows guidelines developed and implemented to 
treat JIA. However, this may not be best practice given 
the fact that we have identified a number of differences 
between the features of both arthritis cohorts. A detailed 
review of treatment instigated in our A-DS cohort and 
long-term disease outcome would be important to iden-
tify if this cohort respond to treatment as expected for 
children with JIA. This, combined with exploration of the 
immuno-histopathology of A-DS would enable identifica-
tion of more targeted treatments for this cohort of chil-
dren, providing a more personalised model of care, and 
in turn better clinical outcomes.

This study highlights the importance of raising aware-
ness about the increased risk of arthritis in children with 
DS to aid better recognition and more timely diagnosis of 
A-DS. The addition of an annual musculoskeletal exam-
ination to the well-recognised health surveillance guide-
lines developed by the Down syndrome Medical interest 
group for all children with DS would be an initiative of 
great benefit to this cohort of children. As already stated, 
more work is required to better understand disease 
pathogenesis of A-DS and in turn identify best practice in 
terms of treatment guidelines for A-DS.

Finally, we propose a more appropriate clinical term 
that better reflects the inflammatory, erosive nature of 
the disease would be DS-associated arthritis (DA). In 
order to facilitate more cohesive clinical practice and 
future collaborative research, we would hope that this 
could become a universally accepted term among health-
care professionals and the general public.

A limitation to our study design was that we did not 
offer a similar musculoskeletal screening programme to 
children without DS. Therefore, our route to rheuma-
tology results (figure 3) may not be totally representa-
tive of a typical JIA cohort. It is possible that if a similar 
screening programme were offered to children without 
DS, some undiagnosed cases of JIA would be detected. 
However, we predict that this number would not be as 
high as detected in children with DS given the fact that 
children without DS do not face the same challenges as 
outlined in figure 5 that contribute to failure to recog-
nise and diagnose A-DS.
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