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Abstract

Background Clinical research has offered many definitions and fragmented perspectives of joint morbidity in hae-
mophilia. As joint damage, pain and mobility impairment can be present without clinical record of persistent bleed-
ing, a person-centric joint morbidity characterisation remained a priority for the haemophilia community, giving rise
to the ‘problem joint’ concept.

As diagnosing and managing joint morbidity is critical, the aim of this study was to analyse the holistic burden
of problem joints in people with moderate or severe haemophilia A (HA).

Data from the ‘Cost of Haemophilia in Europe: a Socioeconomic Survey' (CHESS) cross-sectional studies were used.
CHESS-Paediatrics included male paediatric patients (< 17 years) with congenital moderate or severe haemophilia,
while CHESS Il included adult males (= 18 years) of any severity. Both studies sought to collect detailed information
on the clinical, economic and humanistic burden of haemophilia.

Demographics, clinical outcomes, treatment regimen, adherence, physical activity, healthcare resource use and num-
ber of problem joints were evaluated and described by HA severity and number of problem joints (none, 1,>2).

Results In total, 1171 people with non-inhibitor moderate or severe HA from CHESS-Paediatrics (n=703) and CHESS
Il (n=468) were included in this analysis.

Presence of problem joints was more prevalent among CHESS Il participants (44%) than in CHESS-Paediatrics (14%).
Around two-thirds (67%) of CHESS-Paediatrics and 39% of CHESS Il participants received prophylactic factor VIl
replacement therapy. The presence of chronic pain was greater in severe HA with*> 2" problem joints in both cohorts.
Clinical symptoms and bleed-related hospitalizations were more prevalent in the presence of problem joints regard-
less of HA severity in both cohorts.

Conclusions This analysis of the CHESS population studies has expanded on previous work by examining the rel-
evance of the problem joint measure of haemophilic morbidity and its associated burden. Adverse clinical symptoms
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and increased bleed-related hospitalizations were observed in the presence of problem joints in both children/
adolescents and adults across HA severities. Use of person-centric characterizations of joint morbidity may improve
analysis of long-term outcomes and lead to improvements in future haemophilia care.

Keywords Haemophilia A, Factor VIII, Problem joint, Adherence, Physical activity, Healthcare resource use, Burden

Background

Haemophilia A (HA) is a rare genetic disorder defined
by a lack of endogenous clotting factor VIII. HA occurs
predominantly in males, with a worldwide prevalence
of 17.1 per 100,000 males overall [1]. The level of factor
VIII determines the severity, where people with mild,
moderate, or severe HA have>5 to 40 IU/dL, 1-5 IU/
dL, and<1 IU/dL, respectively; severe HA prevalence
is approximately 6 cases per 100,000 males [1, 2]. Spon-
taneous bleeding into joints is of particular concern for
people with moderate or severe HA, as, without appro-
priate treatment, 9 out of 10 people with severe haemo-
philia are likely to have chronic degenerative changes in
up to 6 major joints by their second or third decade of
life [3]. This long-term joint deterioration reduces quality
of life and daily functioning while increasing the need for
related healthcare services [4-7].

Historically, clinical research and practice have utilized
numerous definitions of haemophilic joint morbidity,
offering a fragmented perspective on joint morbidity over
time and across care settings [2, 8—11]. The most recent
and common definition of a ‘target joint’ is determined
by the recording of >3 spontaneous bleeds in the same
joint over a continuous 6-month period [2]. As underly-
ing joint damage, pain, and mobility impairment can all
be present without clinical recording of persistent bleeds,
these target joint definitions are likely to lead to under-
diagnosis of joints otherwise worthy of clinical attention.
As such, a person-centric characterization of joint mor-
bidity has remained a priority for the haemophilia com-
munity, and gave rise to the formulation of the ‘problem
joint’ concept [12, 13]. A problem joint is defined by pres-
ence of chronic joint pain and/or limited range of move-
ment due to compromised joint integrity (i.e., chronic
synovitis and/or haemophilic arthropathy), with or with-
out persistent bleeding [12, 13].

Persistent joint bleeds are known to cause substantial
long-term burden to people with moderate or severe HA,
and a factor VIII prophylaxis regimen early in life has
been shown to improve joint-related outcomes through
adolescence [14]. While the target joint concept has his-
torically provided meaningful clinical utility and consist-
ency in research, our understanding of haemophilic joint
morbidity through the lens of the person-centred ‘prob-
lem joint’ definition is lacking. Given the importance of
diagnosing and managing joint morbidity through the

lifespan, we conducted an analysis on a subset of adult
and paediatric patients with the aim of analysing the
holistic burden of problem joints. The analysis was con-
ducted in those with moderate or severe haemophilia A,
without diagnosis of inhibitors, who participated in the
Cost of Haemophilia in Europe: a Socioeconomic Sur-
vey II (CHESS II) and Cost of Haemophilia in Europe: a
Socioeconomic Survey Paediatrics (CHESS Paediatrics)
cross-sectional retrospective studies.

Results

Participants and problem joints

A subset of 1,171 people with moderate or severe HA
and no inhibitors from CHESS Paediatrics (#=703) and
CHESS II (n=468) who met the inclusion criteria were
included from CHESS Paediatrics (#=992) and CHESS
II (n=787). The paediatric cohort (mean age, 10.3 years)
was evenly distributed across participating European
countries, while most of the adult cohort (mean age,
38.7 years) were recorded in Italy or Spain (72%, 337/468;
Table 1). Similar proportions of each cohort had severe
HA (59% in each; CHESS Paediatrics, 416/703; CHESS II,
278/468).

Overall, having>1 problem joint was more prevalent
among adults in CHESS II (44%) than children and ado-
lescents in CHESS Paediatrics (14%; Table 1, Fig. 1). In
the paediatrics cohort, 11% of those with moderate HA
(n=33/287) and 16% with severe HA (66/416) had>1
problem joint. Participants had a mean (SD) of 0.20 (0.50)
problem joints (mean of 0.14 and 0.24 in moderate and
severe HA, respectively). These proportions were higher
in adults captured in CHESS II, both for those with mod-
erate HA (39%, 74/190) and severe HA (47%, 131/278).
Participants had a mean (SD) of 0.58 (0.93) problem
joints (mean of 0.35 and 0.74 with moderate and severe
HA, respectively).

Treatment, physical activity and clinical outcomes

The majority of paediatrics participants received a
prophylaxis regimen (67%). Of those, 45.6% received
primary prophylaxis (prophylaxis initiated before the
age of 2 and before the occurrence of more than one
joint bleed), 19.2% received secondary prophylaxis
(prophylaxis started after the age of two and/or after
one or more joint bleeds) and 2.8% received tertiary
prophylaxis (prophylaxis initiated after the onset of



McLaughlin et al. Orphanet Journal of Rare Diseases (2025) 20:18 Page 3 of 11
Table 1 Participant characteristics by HA severity and number of problem joints

Study, characteristic Total Moderate HA Severe HA

oPJ 1PJ >2PJs oPJ 1PJ >2PJs

CHESS Paediatrics, n (%) 703 (W 00) 254 (89) 11 (4) 350 (84) 52(13) 4(3)
Age, mean (SD), years 3(4.70) 10.5 (4.68) 13.0(3.63) 9.9 (4.64) 9.9 (4.73) 10.5 (4.74) 124 (4.4)
Weight, mean (SD), kg 41.6(18.68) 42.1(19.28) 499 (15.39) 38.6(17.74) 40.3 (1841) 42.5(17.58) 50.1 (20.14)
BMI, mean (SD), kg/m2 21.2 (4.10) 21.0 (3.69) 21.8 (5.08) 23.1(6.86) 209 (4.10) 229 (4.46) 229 (3.60)
Country, n (%) 168 (24) 84 (33) 10 (46) 9(82) 46 (13) 17 (33) 2(14)
Spain 167 (24) 80(32) 29 0 75(21) 7 (14) 3(21)
Italy 148 (21) 22 (9) 0 0 113(32) 7(14) 6(43)
France 112 (16) 37(15) 612 109 58(17) 8 (15) 2(14)
Germany 108 (15) 31(12) 4(18) 1(09) 58(17) 13 (25) 1(7)

The United Kingdom

Number of comorbidities, n (%) 550 (78) 200 (79) 16 (73) 4 (36) 294 (84) 27 (52) 9 (64)

0 95 (14) 33(13) 2( 4 (36) 42(12) 10 (19) 4(29)

1 32(5) 15 (6) 2( 2(18) 712 6(12) 0

2 26 (4) 6() 2( 109) 7Q) 9(17) 1(7)

>3

Top comorbidities, n (%) 70 (10) 24 (9) 46 (11)

Gingivitis 56 (8) 23 (8) 33(8)

Anxiety 50(7) 26 (9) 24 (6)

Anaemia 38(5) 18 (6) 20(5)

ADHD 26 (4) 7(2) 19 (5)

Osteoarthritis

CHESS I, n (%) 468 (100) 116 (61) 44 (23) 30(16) 147 (53) 73 (26) 58 (21)
Age, mean (SD), years 38.7 (13.95) 37.3(13.60) 39.2 (13.86) 504 (16.2) 36.5(12.11) 37.3(13.9) 424 (14.8)
Weight, mean (SD), kg 74.5(10.39) 75.8(10.8) 726 (11.1) 76.7 (9.01) 729 (9.61) 76.34(947) 73.7 (12.10)
BMI, mean (SD), kg/m” 24.6 (3.06) 244 (263) 250(2.73) 242(2.77) 255(3.12) 245 (2.70) 246 (2.90)
Country, n (%) 188 (40) 36 (31) 24 (55) 13(43) 44 (30) 34 (47) 37 (64)
Italy 149 (32) 34(29) 14 (32) 16 (53) 47 (32) 20 (27) 18 (31)
Spain 48 (10) 15(13) 3(7) 0 18 (12) 12 (16) 0

The United Kingdom 42 (9) 16 (14) 0 0 22(15) 3(4) 12
France 37(8) 13(11) 3(7) 0 15(10) 4(6) 2(3)
Germany 3(1) 2(2) 0 0 1(1) 0 0
Romania 1(0.2) 0 0 103) 0 0 0

The Netherlands

Number of comorbidities, n (%) 223 (48) 70 (60 14 (32) 4(13) 89 (61) 31 (42) 15 (26)

0 98 (21) 23 (20) 7(16) 7(23) 32(22) 17 (23) 12 (21)

1 72 (15) 13(11) 13 (30) 9(30) 16(11) 10 (14) 11(19)

2 75(16) 10 (9) 10 (23) 10 (33) 10 (7) 15(21) 20 (34)
>3
Top comorbidities, n (%) 86 (18) 36 (19) 50 (18)

Anxiety 77 (16) 30(16) 47 (17)

Smoking 49 (10) 23(12) 28 (10)

Depression 47 (10) 23(12) 26 (9)

Fatigue 45 (10) 17 (9) 24.(9)

Anaemia

ADHD, attention deficit-hyperactivity disorder; HA, haemophilia A; PJ, problem joints; SD, standard deviation

joint damage, irrespective of age). slightly more than
one-third (37%) of adult participants were receiving
prophylaxis (Fig. 1) Of those receiving prophylaxis, the
majority were receiving secondary prophylaxis (74.6%)
and some receiving tertiary prophylaxis (23.7%), with
a very small minority on primary prophylaxis (1.7%).
Overall treatment adherence was generally high in
both paediatrics and adults (Fig. 1). The presence of
chronic pain was greater in severe HA in those with

‘>2’ problem joints. Nearly all paediatrics participants
with severe HA and ‘>2’ problem joints reported mild
or moderate chronic pain (13/14; 93%). The majority
of adult participants with severe HA and ‘>2’ prob-
lem joints reported moderate or severe chronic pain
(40/58, 69%; Fig. 2). The proportion of adult partici-
pants to experience bleeding episodes in the previous
12 months increased with number of problem joints
(Fig. 2). Vigorous physical activity accounted for only
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CHESS I
1PJ 22PJs
Moderate Severe
61% 16%
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No PJs 21PJs No PJs >1PJs

Prophylaxis adherence®
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Fig. 1 Problem Joints, Treatment regimens and adherence. A Problem joint distribution. B CHESS Paediatrics. C CHESS II. PJ, problem joint. ®Includes
prophylaxis regimens only, not applicable for 33 (15%) people. PIncludes prophylaxis regimens only, not applicable for 9 (5%) people
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Prophylaxis adherence®
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gIncludes prophylaxis regimens only, not applicable for 33 (15%) people.

®Includes prophylaxis regimens only, not applicable for 9 (5%) people.

Fig. 1 continued

26-27% of all activity measured across groups in pae-
diatrics and adults, respectively, and reported a smaller
degree of physical activity with increasing number of
problem joints (Fig. 2).

Healthcare resource use

‘All-cause’ and ‘bleed-related’ hospitalizations in the pae-
diatric cohort appeared higher among those with more
problem joints, across severity groups. Those with severe
HA in the ‘none’ versus ‘>2’ problem joint groups had
mean ‘all-cause’ hospitalizations in the past 12 months
of 0.39 (SD, 1.06) and 1.07 (2.64), respectively, and mean
‘bleed-related’ hospitalizations of 0.93 (7.30) and 1.14
(2.63). In adults with severe HA, mean ‘all-cause’ hospi-
talizations among those with ‘none’ versus ‘>2’ problem
joints were 0.63 (1.00) and 1.24 (1.25), and mean bleed-
related hospitalizations were 0.59 (0.97) and 0.92 (1.02;
Fig. 3).

Discussion

This retrospective analysis of the cross-sectional CHESS
Paediatrics and CHESS II studies found that presence
and number of problem joints was associated with clini-
cal burden with in people with moderate or severe HA,
as well as associated increases in healthcare resource
utilization. Despite the prevalence of prophylaxis factor
replacement therapy, problem joints were present in a
substantial proportion of both cohorts. Among paediat-
ric patients, 12—-16% of the moderate and severe cohorts
respectively were reported to suffer from at least one
problem joint. On the other hand, in the adult cohort,
39-47% of moderate and severe patients respectively had
at least one problem joint. Clinical outcomes and physi-
cal activity levels worsened in the presence of problem
joints, regardless of HA severity. Similarly, ‘all-cause’ and
‘bleed-related’ hospitalizations in the previous 12 months
increased with the presence of problem joints, as did life-
time ‘bleed-related’ hospitalizations.
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Early-life initiation of prophylactic treatment is the rec-
ommended treatment approach in patients with severe
HA or severe bleeding phenotype, as it has been shown
to improve longer-term outcomes among children and
adolescents with severe HA, emphasizing the connection
between joint health and clinical outcomes [13-17]. Gen-
erally, high rates of prophylaxis treatment were observed
in the CHESS Paediatrics population (46—-73% in mod-
erate HA; 80-86% in severe HA). Nonetheless, prob-
lem joints were observed in 14% (99/703) of the overall
paediatric cohort. Prophylaxis treatment regimens were
less common among adults (3-21% in moderate HA;
54-64% in severe HA), and the prevalence of problem
joints across the cohort was high (44%; 205/468). The
observed prevalence of problem joints was similar among
participants with moderate or severe HA in both paedi-
atric and adult populations, potentially highlighting the
need for further research and access to a high standard
of treatment in people with moderate disease. The eval-
uation of clinical outcomes of participants of this study
may offer new insights into the real-world burden of
joint morbidity throughout the lifespan of people with
haemophilia. With respect to the problem joint outcome
measure, the prevalence of the problem joints aligned
with reported chronic pain, physical activity, annualized
bleeding events and patient-reported instruments. Other
published analysis of these data has shown worsening
quality of life (EQ-5D scores) and increased direct and
indirect costs in the presence of problem joints [18, 19].
This study found lower levels of vigorous activity among
adults with ‘>2’ problem joints regardless of severity, as
well as a smaller overall proportion of people reporting
vigorous versus light activity with severe HA (4% with
‘>2’ problem joints versus 34% with ‘none’) when com-
pared with moderate HA (13% with ‘>2’ problem joints
versus 39% with ‘none’). Previous research into work and
activity impairment in the CHESS II cohort has found
the greatest decrease in productivity levels was between
those with ‘>2’ problem joints vs. ‘none’ for moderate
HA, and between ‘none’ and ‘1’ problem joint with severe
HA, when comparing joint damage in ‘none;, ‘1, and ‘>2’
problem joints, as reported in this analysis. Absentee-
ism was reported among 1% of adult participants ver-
sus 10% of those with moderate HA and ‘none’ vs. ‘>2’
problem joints, respectively, and 8% versus 12% in those
with severe HA and ‘none’ vs. ‘1’ problem joint (7% for
‘>2’ problem joints) [18, 19]. Taken together, these find-
ings show a worsening holistic burden in the presence of
one or more problem joints, as the chronic pain, reduced
physical activity, bleeding events, and associated hospi-
talizations observed in this analysis are broadly consist-
ent with the reduced productivity and increased costs
observed in the complementary analysis. These findings
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may underline the importance of detecting problem
joints in order to offer treatment and lifestyle strategies
that can help to improve the effectiveness treatment,
adherence, functionality, and pain management, with the
aim of reducing the impact on the lives and well-being of
people with HA and their families.

These findings were based on cross-sectional observa-
tional data and, as such, are subject to certain inherent
limitations related to the secondary nature of the analy-
sis, as well as potential for information and/or recall bias.
Participation in the study was entirely voluntary and
inclusion of clinical data in the study was contingent on
individuals having at least one consultation within the
12 months prior to data collection. Therefore, despite
efforts to minimise it, a degree of selection bias and
potential underrepresentation of certain patient catego-
ries that may consult less frequently cannot be excluded
[20, 21]. Additionally, it is important to consider the
variability and heterogeneity of joint health assessment
across haemophilia care practices [22] and how these may
impact results: as this cross-sectional study was based on
information available in patient charts at the time of data
collection (to avoid any impact or modification of routine
clinical care), the protocol did not prescribe a specific
method of joint assessment. Joint health information was
collected via the Problem Joint tool, developed to cap-
ture holistic joint impact even in the absence of formal
recorded joint health assessments [13].

However, participant-reported outcomes are essential
to appropriately managing this lifelong, symptomatic
bleeding disorder, particularly among those with moder-
ate or severe disease, and real-world data is important to
understand physician awareness of symptoms and related
outcomes. It may be important for clinicians to use meth-
ods that are sensitive to early detection of joint pain and
damage before people with HA suffer further pain and
limited range of motion [23]. This analysis utilised small
sample sizes in some subgroups of people with HA and
all were treated with FVIII concentrates. Additionally, in
the CHESS 1I dataset, a larger representation of patients
from Spain and Italy was observed, therefore findings
should be interpreted with care, as this may limit the gen-
eralisability to the European population. Future studies
evaluating larger subgroups of those identified here with
the greatest prevalence and burden of problem joints,
and including non-factor therapies, are warranted and
would be valuable additions to this work in the context of
the evolving treatment landscape.

Conclusion

This analysis of the CHESS population studies has
extended previous work illustrating the relevance of the
problem joint measure of haemophilic arthropathy and
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its associated burden on people with haemophilia. Wors-
ening clinical symptoms and increased bleed-related hos-
pitalizations were observed in the presence of problem
joints regardless of HA severity in both children/ado-
lescents and adults. Greater attention to person-centric
characterizations of joint morbidity may improve the use
of more effective treatment regimens, adherence, and
holistic long-term outcomes.

Methods
The CHESS-Paediatrics and CHESS Il studies
The current analysis utilized data drawn from the retro-
spective cross-sectional ‘Cost of Haemophilia in Europe:
a Socio-economic Survey II' (CHESS II) and Cost of Hae-
mophilia in Europe: a Paediatric Socio-economic survey
CHESS Paediatrics studies. The study design and prelim-
inary findings of the CHESS study (severe only, carried
out in 2016) [24], as well as for the CHESS-Paediatrics
study in children and CHESS II study in European adults
have been reported previously [20, 25-29]. Both CHESS
IT and CHESS Paediatrics are panel-based cross-sectional
burden of illness studies of people with congenital hae-
mophilia A or B, with or without inhibitors. The inclusion
criteria for the paediatric study were that all participants
had to be male children or adolescents (<17 years old),
with moderate or severe congenital haemophilia, living in
France, Germany, Italy, Spain, and the United Kingdom at
the time of data collection (2017-2018). Caregivers pro-
vided information for their children (<8 years old) with
haemophilia. Similarly, inclusion criteria for the CHESS
II study were that participants had to be adult males
(>18 years) with congenital haemophilia of any sever-
ity, living in Germany, Spain, France, Italy, Romania, The
Netherlands, Denmark and the United Kingdom at the
time of data collection (2018-2019). Haemophilia health-
care practitioners completed a web-based clinical record
form reporting on demographic, clinical characteristics,
treatment patterns and health-resource utilisation out-
comes abstracted from medical notes. Patients (or car-
egivers/guardians if patients were<18) were invited by
the healthcare practitioner to complete a patient ques-
tionnaire, and upon providing informed consent pro-
vided information on non-medical haemophilia related
cost, their health status, productivity and labour market
outcomes as well as information on the overall socioec-
onomic and humanistic impact of haemophilia. In both
studies, to minimise selection bias, the physicians were
instructed to recruit the next eight eligible patients with
whom they consulted, irrespective of the reason of the
consultation (routine or emergency).

Both the CHESS II and CHESS Paediatrics studies were
approved by the Research Ethics Sub-committee of the
Faculty of Health and Social Care within the university
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of Chester, conducted in correspondence with regional
and relevant guidelines and overseen by a steering com-
mittee composed by clinical haemophilia experts, patient
representatives and patient advocacy organisation mem-
bers from the countries involved. The research presented
was intended to focus on the burden of moderate and
severe HA, and therefore people with mild HA (CHESS
II, n=100), haemophilia B (CHESS II, n=159; CHESS
Paediatrics, #=206) or a diagnosis of inhibitor (CHESS
II, n=27;CHESS Paediatrics, n=82) were excluded.
CHESS II (n=33) participants aged 18—19 years old were
also excluded from the present analysis in order to avoid
potential overlapping participation across studies (in
cases CHESS-Paediatrics participants aged 16—17 may
have later enrolled in CHESS II, years later).

Outcome measures

Participant demographics, clinical characteristics and
outcomes, treatment regimen, adherence, physical
activity, healthcare resource use (HRU), and number of
problem joints were evaluated according to HA severity
(moderate or severe). Demographic and clinical charac-
teristics included age, weight, body mass index (BMI),
country, and comorbidities. Problem joints were reported
as continuous and categorical variables according to the
published definition of a problem joint and based on phy-
sician-reported information abstracted from the medical
charts [12, 30]. Direct and indirect costs have been ana-
lysed separately [18, 19].

Clinical outcomes included annual bleeding rate
(including joint bleeds) and chronic pain (none, mild,
moderate, severe) as reported by the physician. Treat-
ment regimens included factor VIII regimen (prophylaxis
[defined as “regular continuous treatment / preventa-
tive therapy received regularly”], on demand [defined as
“treatment given at the time of clinically evident bleed-
ing / in response to a bleed”], or none) and factor VIII
consumption in the 12 months prior to index date (con-
sultation at which participant was included in study).
Adherence, as reported by the treating physician, was
categorized as fully adherent (>85% intended infusions),
sub optimally adherent (75-85%), and non-adherent
(<75%) overall and among those receiving prophylaxis.
HRU measures included ‘all-cause’ and ‘bleeding-related’
hospitalizations in the past 12 months, and lifetime
‘bleeding-related’” hospitalizations. All outcomes pertain-
ing to demographic and clinical characteristics, as well as
information on clinical outcomes, treatment regimens,
adherence to treatment and HRU were reported by the
physician.

Physical activity was self-reported as minutes-
per-week and categorized by light, moderate, or
vigorous activity in CHESS-Paediatrics, and as
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minutes-per-month and categorized by light or vigor-
ous activity in CHESS II. For CHESS 1I, participants
indicated which activities they performed more than
10 times in the past year, with the average number of
times per month and average number of minutes for
each session.

Statistical analysis

Demographic and clinical characteristics, clinical out-
comes and HRU measures were summarized descrip-
tively by HA severity (moderate or severe) and number
of problem joints (none, 1, >2). No imputation of missing
values was performed. All analyses were conducted using
STATA version 16.0 (www.stata.com).

List of Abbreviations

CHESS  Cost of Haemophilia in Europe: a Socioeconomic Survey
HA Haemophilia A

SD Standard Deviation

PJ Problem joint
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