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Abstract

Introduction: The “problem joint” (PJ) concept was developed to address patient-

centric needs for a more holistic assessment of joint morbidity for people with

haemophilia (PwH).

Aim: To quantify the humanistic burden of PJs in PwH to further support validation of

the PJ outcomemeasure.

Methods: Multivariable regression models evaluated the relationship between PJs

and health-related quality of life (HRQoL, EQ-5D-5L) and overall work productivity

loss (WPL) using data from the ‘Cost of HaEmophilia: a Socioeconomic Survey’ pop-

ulation studies (adults: CHESS II, CHESS US+; children/adolescents: CHESS-Paeds).

Covariates includedwere haemophilia severity, age, comorbidities and education.

Results: The CHESS II sample included 292 and 134 PwH for HRQoL and WPL anal-

yses, mean age 38.6 years (39% ≥1 PJ, 61% none). CHESS US+ included 345 and 239

PwH for HRQoL and WPL, mean age 35 years (43% ≥1 PJ, 57% none). CHESS-Paeds

included 198 PwH aged 4–17 (HRQoL only), mean age 11.5 years (19% ≥1 PJ, 81%

none). In CHESS II and CHESSUS+, presence of PJs was associatedwithworseHRQoL

(Both p< .001). FewCHESS-Paeds participants had PJs, with no significant correlation

withHRQoL. InCHESS II, upperbodyPJswere significantly correlated toWPL (p< .05).

In CHESSUS+, having≥1 PJ or upper and lower body PJs were significantly correlated

toWPL (vs. none; both p< .05).

Conclusion:This study has shown ameaningful burden of PJs on PwH,which should be

considered in clinical and health policy assessments of joint health.
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1 INTRODUCTION

Recurrent haemarthrosis causes irreversible joint damage in peo-

ple with haemophilia (PwH). Without adequate prevention, patients

develop chronic synovitis, haemarthrosis, chronic pain and eventually

destruction of the joint.1 Approximately 90% of people with severe

haemophilia experience chronic degenerative changes in asmany as six

major joints (ankles, elbows, knees) by the second or third decade of

life.1 Repeated haemarthroses lead to irreversible degradation of the

joint, requiring orthopaedic intervention ranging from synovectomy

to replacement or fusion of the joint.2 Such joints exhibit continuous

swelling, pain and reduced range of motion.

Chronic joint morbidity is known to be disabling but how it is

quantified can be fragmented and inconsistent.3–8 The currently

accepted ‘target joint’ (TJ) definition is as follows: three or more

spontaneous bleeds into a single joint within a consecutive 6-month

period,5 however that definition is not likely to capture all joint dam-

age experienced by the PwH, and can lead to underdiagnosis of

joint morbidity as it does not account for the fact that joint morbid-

ity (underlying chronic damage, pain and mobility issues) can occur

in any joint with or without persistent bleeding. The need for a

more patient-relevant definition of haemophilia-related joint morbid-

ity has been an important issue in the community of PwH and health

care providers for some time.3 There is also a need for a sensi-

tive physical assessment tool to detect the earliest evidence of joint

damage.9

In order to address both patient-centric and research-oriented

needs for more precision, the “problem joint” (PJ) concept was devel-

oped and defined as 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 without persistent bleeding.3 PJs

are identified through patient self-reporting of chronic joint pain

and/or restriction in movement due to compromised joint integrity;

patients are also asked to indicate the location of the damaged

joint(s) on a skeletal diagram. The PJ definition provides a patient-

relevant perspective and captures long-term joint morbidity, taking

a holistic perspective on joint health by incorporating factors that

are important to PwH and the clinical teams to ensure appropriate

management.

In addition to clinical sequelae, haemophilia-related joint morbid-

ity has a demonstrable relationship with PwH’s health-related quality

of life (HRQoL) and work productivity loss (WPL).10 However, most of

this research has been done using iterations of the target joint con-

cept, where identified joints can be affected for periods of time and

subsequently stop being considered “target joints” with reduction or

eradication of bleeding episodes. We aimed to better understand the

burden of joint morbidity on HRQoL and WPL in the context of the

PJ definition of chronic haemarthropathy. The aim of this study was to

quantify the humanistic burden associated with PJs descriptively and

by means of multivariate regression analysis, to further validate the PJ

metric.

2 MATERIALS AND METHODS

2.1 Study population and data sources

We developed multivariable models to evaluate the association

between PJs and HRQoL and work productivity loss using three

datasets from the family of CHESS (‘Cost of HaEmophilia in a Socioe-

conomic Survey’) databases. The design and methods of the original

CHESS study (CHESS I) have been reported previously.11 All CHESS

studies consisted of two questionnaire forms. Physicians completed

a web-based ‘case record form’ (CRF), containing information about

the PwH’s medical history and consultations. Participants completed

a, public involvement and engagement (PPIE) questionnaire, covering

non-medical costs, health status, and work/activity impairment. The

PPIE questionnaire was optional and returned on a voluntary basis by

a subsample of participants.

We conducted analyses based on CHESS II, CHESS US+, and

CHESS-Paeds. The three studieswere approvedby theResearchEthics

Sub-committee of the Faculty of Health and Social care within the Uni-

versity of Chester and conducted in correspondence with regional and

relevant guidelines.

CHESS II includes peoplewithmild,moderate or severe haemophilia

in France, Germany, Italy, Spain and the United Kingdom (EU5) as well

as Denmark, The Netherlands and Romania. The study included 787

participants and captured 366 patient questionnaires (PPIEs). CHESS

US+ is a cross-sectional, retrospective study of adults (≥18 years) with

severe haemophilia A or B (<1% normal FVIII/FIX levels) conducted in

the US. The study collected 356 forms from patients across the US.

CHESS-Paeds is a retrospective, cross-sectional questionnaire-based

survey designed to capture annual economic and humanistic burden in

a population of children and adolescents aged 0–17 years with mod-

erate or severe haemophilia. The study included 992 participants and

captured 253PPIEs in the EU5. Patientswith current inhibitors orwith

a history of inhibitors in the previous 12 months were excluded from

this analysis.

2.2 Problem Joint variable (PJ - main study
covariate)

A PJ was defined as a joint with chronic pain and/or limited range of

movement due to compromised joint integrity (i.e., chronic synovitis

and/or haemophilic arthropathy), with orwithout persistent bleeding.3

This measure was defined to capture haemophilia-related symptoms

and complications broadly. Consequently, any TJ would also be consid-

ered a PJ, however a PJ can be diagnosed based on any haemophilia

related symptomor complicationandmayormaynot also fall under the

TJ definition. In bothCHESS II andCHESS-Paeds information about PJs

was reported by the treating physician in the CRFusing a skeletal dia-

gram (see Figure 1). CHESSUS+ information about PJswas reported in

the PPIE by the PwH.
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F IGURE 1 Problem Joint tool extracted from the CHESS questionnaires.

2.3 Health related quality of life (HRQoL -
dependent variable 1)

HRQoL was captured using the EQ-5D-5L for the adult population

(CHESS II and CHESS US+) (www.euroqol.org).12 CHESS-Paeds used

the EQ-5D-Y which is the child version of the EQ-5D-3L. Participants

aged 8–17 years completed the EQ-5D-Y for themselves. Caregivers

of children up to 7 years old completed the EQ-5D-Y Proxy version1

to provide responses from the caregiver’s perspective on the child’s

health status.

The EQ-5D-Y has five dimensions (mobility, self-care, usual activ-

ities, pain/discomfort and anxiety/depression) and three levels of

severity (no problems, some problems and a lot of problems), yielding

243 health states. The EQ-5D-5L has the same five dimensions with

http://www.euroqol.org
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five levels of severity (no problems, slight problems, moderate prob-

lems, severe problems and extreme problems) yielding 3125 health

states.

A health state index utility score based on country-specific value

sets was derived through an amalgam of the five responses, with

scores generally ranging from 0 (equivalent to ‘dead’) to 1 (‘perfect

health’), though scores of less than zero (states ‘worse than dead’) are

possible.12 US population norms were used for CHESS US+, and UK

population norms were used for all participants of the CHESS II and

CHESS Paeds studies for comparability purposes.

2.4 Work productivity loss (WPL- dependent
variable 2)

WPL was captured using the General Health version of the Work

Productivity and Activity Impairment Questionnaire (WPAI-GH) com-

pleted by the participant (only available for adults with haemophilia

from CHESS II and CHESS US+). The WPAI was modified to specifi-

cally target impairment associated with haemophilia-related issues in

CHESS II.

TheWPAI-GH is a 6-item validated instrument that measures work

time missed, impaired productivity at work and impairment in daily

activities due to the respondent’s health problems during the pre-

vious 7 days. In this work we focus on the WPAI metric overall

work productivity loss (WPL) which is an overall impairment estimate

that is a combination of work time missed and impaired productiv-

ity while working. Only respondents who reported being full-time or

part-time employed provided data for WPL. The WPL outcome is

expressed as impairment percentage based on PwH responses to a 0–

10-point visual analogue scale (VAS) that is converted to a score of

0%–100%. Higher numbers indicate greater impairment and less work

productivity (worse outcomes).

2.5 Statistical analysis

Multivariate regression analysis was conducted independently across

each CHESS dataset. Descriptive statistics were used for initial assess-

ment of potential covariates. As available in the datasets, model

covariates could have included age, education, haemophilia severity,

body mass index (BMI), comorbidities, haemophilia treatment regi-

men, annual bleeds and country. Detail regarding the nature of each

potential covariate is included in Table A1. PJs were captured as a

count variable (total number of PJs) and as categorical variables (loca-

tion and combination of location and number). The relationship of

PJs with the outcomes was considered using four variations, as fea-

sible, based on the sample and data availability within each dataset:

having no PJs versus having ≥1 PJ (Option 1); having no PJs versus

1 PJ versus ≥2 PJs (Option 2), for CHESS US+ this was no PJs ver-

sus 1, 2, 3 or ≥4 PJs (Option 2); and by location category (no PJs

vs. only upper body PJ, vs. only lower body PJ vs. both upper and

TABLE 1 Demographic and clinical characteristics

Characteristic, n (%)
unless noted

CHESS II

(N= 292)

CHESSUS+

(N= 345)

CHESS-Paeds

(N= 198)

Age, mean (SD) 38.6 (14.8) 35.0 (12.2) 11.2 (3.8)

Employment status NE

Full- or part-time

employed

213 (73) 259 (75)

Unemployed 15 (5) 70 (20)

Retired 39 (13) 16 (5)

Other 24 (8) –

Haemophilia A 252 (86) 249 (72) 148 (75)

Haemophilia B 40 (14) 96 (28) 50 (25)

Severity

Severe 155 (53) 345 (100) 147 (74)

Moderate 91 (31) 51 (26)

Mild 46 (16)

Comorbidities

0 158 (54) 182 (53) 156 (79)

1 64 (22) 68 (20) 28 (14)

2 46 (16) 45 (13) 5 (3)

≥3 24 (8) 50 (15) 9 (5)

Treatment regimen

Prophylaxis 89 (31) 257 (75) 147 (74)

On-demand 108 (37) 88 (25)– 41 (21)

No CFC in last 12

monthsa
95 (32) 10 (5)

Annualised bleeding rate

Mean (SD) 3.5 (4.3) 5.7 (6.9) 6.0 (17.4)

Median (range) 2 (0, 50) 4 (0, 30) 3 (0,140)

Proportionsmay not sum to 100% due to rounding.

Abbreviations: CFC: clotting factor concentrate; NE, not evaluated; SD,

standard deviation.aPatient did not receive clotting factor concentrate in

the last 12 month as reported by the treating physician: this group could

include participants treated with alternative therapies such as desmo-

pressin or antifibrinolytics.

lower body PJs [Option 3]). Upper body PJs included neck, spine, shoul-

ders, elbows, and wrists. Lower body PJs included hips, knees and

ankles.

As theWPAI outcomeWPL is a continuous variable (%work impair-

ment ranges from 0 (minimum) to 100 (maximum)), standard linear

multivariate regressionmodelswereevaluated (ordinary least squares;

OLS). As the EQ-5D health status values are bounded (maximum value

is 1), the relationship between PJs and EQ-5D was estimated using a

Tobit model. The Tobit model was determined to be most appropriate

due to the bounding considerations and other distinctive features such

as the existence of gaps between values and the tendency of health

status distributions to be bi-modal.13

Several specifications were tested for both outcomes, Model 1

included only the main covariate (PJ: Option 1, 2 or 3). Model 2
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TABLE 2 Prevalence of problem joints across CHESS data sets

CHESS II CHESSUS+ b CHESS-Paeds

PJs, n (%)a HRQoLN= 292 WPLN= 134 HRQoLN= 345 WPLN= 239 HRQoLN= 198

0 PJs 177 (61) 85 (63) 197 (57) 137 (57) 160 (81)

1 PJ 68 (23) 35 (26) 24 (7) 21 (9) 30 (15)

≥2 PJs 47 (16) 14 (11) 124 (36) 81 (34) 8 (4)

Upper PJs only 25 (9) 11 (8) 8 (2) 6 (3) 17 (9)

Lower PJs only 71 (24) 32 (24) 56 (16) 41 (17) 24 (12)

Both upper and

lower PJs

19 (7) 6 (4) 84 (24) 55 (23) NE

Upper body PJs: neck, spine, shoulders, elbows, wrists. Lower body PJs: hips, knees and ankles.

Abbreviations: HRQoL: health-related quality of life; NE, not evaluated; PJ, problem joint; WPAI, work productivity loss.aNumber in brackets represents the

percentage of occurrence of that event for each sub-sample.
bCHESS US+ categories evaluated 0, 1, 2 (N= 41), 3 (N= 24), and≥4 (N= 59) PJs separately.

TABLE 3 Averagemarginal effects (AME) of PJs on HRQoL (Tobit model 3 used for each analysis)

Reference, 0 PJs

CHESS II

(N= 292)

CHESSUS+

(N= 345)

CHESS-Paeds

(N= 198)

Option 1: No PJs vs.≥1 PJ

≥1 PJ –.102*** –.139*** –.069

Option 2 (CHESS II): No PJs vs. 1 or≥2 PJs

1 PJ –.096*** NE NE

≥2 PJs –.122*** NE NE

Option 2 (CHESS US+): No PJs vs. 1, 2, 3 or≥4 PJs

1 PJ NE –.035 NE

2 PJ NE –.087** NE

3 PJ NE –.149*** NE

≥4 PJs NE –.244*** NE

Option 3: No PJs vs. lower body, upper body, or upper and lower body PJs

Upper body PJs –.075** –.110 –.060

Lower body PJs –.100*** –.075** –.099*

Both upper and

lower PJs

–.193*** –.200*** NE

Model 3 included the PJ covariate (Option 1, 2, or 3), haemophilia severity (CHESS II and CHESS-Paeds), age, number of comorbidities, and education level

(adult sample only).

Abbreviations: NE, not evaluated; PJ, problem joint.

*p< .05; **p< .01; ***p< .001.

comprised Model 1 + haemophilia severity. Model 3 included Model

2 + age, comorbidities (none, 1, ≥2) and education. The inclusion

of the clinical variables bleeding rate and treatment strategy were

explored but discarded due to multicollinearity issues with the PJ

and haemophilia severity covariates, respectively. Country effects

for CHESS II and Paeds were explored but discarded due to non-

significance and with the goal of achieving a model as parsimonious as

possible. Goodness of fit for each model was tested using R-squared,

Root-Mean-Square Error (RMSE), Akaike Information Criterion (AIC)

andBayesian InformationCriterion (BIC);multicollinearity issueswere

evaluated using Pearson correlations and variance inflation factors.

Average marginal effects (AME) were used to show the association

of each covariate with the bounded outcome variable. Statistical sig-

nificance was considered at the 5% alpha level (p < .05), with 95%

confidence intervals. No imputation of missing responses was per-

formed; people with missing data were excluded from the regression

models. Sensitivity analyses were conducted to explore the relation-

ship between the target joint concept and the two outcomes of

interest, as an alternative to the PJ concept. All analyses were per-

formed using STATA 16 (StataCorp LLC, College Station, TX, USA;

www.stata.com).

http://www.stata.com
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TABLE 4 Averagemarginal effects (AME) of PJs on overall work
productivity loss (WPL) (OLSModel 3 used for each analysis)

Reference, 0 PJs

CHESS II

(N= 134)

CHESSUS+

(N= 239)

Option 1: No PJs vs.≥1 PJ

≥1 PJs .079 .109**

Option 2 (CHESS US+): No PJs vs. 1, 2, 3 or≥4 PJs

1 PJ NE .051

2 PJ NE –.020

3 PJ NE .111*

≥4 PJs NE .234***

Option 3: No PJs vs. lower body, upper body, or upper and lower body

PJs

Upper body PJs .213* .083

Lower body PJs .043 .082

Both upper and lower PJs .008 .129**

Model 3 included the PJ covariate (Option 1, 2, or 3), haemophilia severity

(CHESS II only), age, number of comorbidities, and education level.

Abbreviations: NE, not evaluated; PJ, problem joint.

*p< .05; **p< .01; ***p< .001.

3 RESULTS

3.1 Participant characteristics and prevalence of
PJs

A total of 292 CHESS II participants were included in the HRQoL

analysis. The majority were employed (73%), with a mean age of 38.6

(SD, 14.8) years (Table 1). Most had haemophilia A (86%) and mod-

erate (31%) or severe disease (53%). Most participants were on an

on-demand (37%) or prophylaxis (31%) treatment regime; the remain-

ing 32% did not receive clotting factor concentrate in the last 12

months (see Table 1). Overall, 115 (39%) CHESS II participants had ≥1

PJ, and 177 (61%) had no PJs (Table 2). Approximately 35% (40/115)

of PJs were also recorded as TJs at index date, and 70% of people

with recorded PJs have received one or more orthopaedic interven-

tions in their lifetime (i.e. arthrocentesis, arthrodesis, arthroplasty,

arthroscopy and/or synovectomy). A total of 134 participants had

WPAI data available for analysis (descriptive statistics for this group

are in Table A2).

From CHESS US+, 345 participants were included in the HRQoL

analysis, most of whomwere employed (75%), with a mean age of 35.0

(SD, 12.2) (Table 1). The majority had haemophilia A (72%), and were

receiving prophylaxis (75%). Overall, 148 (43%) participants had ≥1 PJ

and 197 (57%) had no PJs (Table 2). Approximately, 88% (130/148) of

PJs were also recorded as TJs at index date, and 4% of people with PJs

had undergone on amajor procedure (fusion or replacement) in the 12

months prior to index date. A total of 239CHESSUS+ participants had

WPAI data available for analysis (descriptive statistics for this group

are in Table A2).

A total of 198 responses were available from CHESS-Paeds partici-

pants aged 4–17 for the HRQoL analysis. The mean age was 11.5 (SD,

3.8) years, and most had haemophilia A (75%) (Table 1). Most children

were receiving prophylaxis (74%) and, according to the study design,

all participants had moderate or severe disease. Overall, 38 (19%) had

≥1 PJ and 160 (81%) had none (Table 2). Exactly 50% of PJs (19/38)

were also recorded as TJs at index date, and 55% of people with PJs

have received one or more orthopaedic interventions in their lifetime

(i.e. arthrocentesis, arthrodesis, arthroplasty, arthroscopy and/or syn-

ovectomy).WPAI was not applicable in the CHESS-Paeds cohort as the

outcome is only applicable to those in gainful employment.

3.2 Relationship between problem joints and
HRQoL (EQ-5D)

The relationship between PJs and HRQoL was estimated using a Tobit

model for analysis of all of the CHESS datasets. Mean HRQoL scores

for each PJ classification category (count, location) are presented in

Figure 2 (mean [standard deviation, SD] values provided in Table A3).

People with more PJs and with both upper and lower body PJs had

consistently worse HRQoL scores.

In the CHESS II analysis, the model with covariates for haemophilia

severity, age, comorbidities and education (Model 3) had the best fit

(lowest RMSE), across all three PJ variable perspectives (Options 1, 2,

3). The AMEs using model 3 showed that the presence of PJs was asso-

ciated with worse HRQoL across all PJ count and location categories

(all p> .01;Table 3).

The CHESS US+ HRQoL analysis had an adequate sample size to

facilitate investigation of all three PJ perspectives (Options 1, 2, 3). The

model with covariates for age, comorbidities and education, (Model 3)

had thebest fit (lowestAIC, BIC andRMSE). TheAMEs showed that the

presence of more PJs was associated with worse HRQoL (Table 3).

TheCHESS-PaedsHRQoL analysis evaluated0 versus≥1PJ (Option

1) and 0 versus upper body PJs only and lower body PJs only (Option

3). The model with covariates for haemophilia severity (moderate or

severe), age and comorbidities (Model 3) showed the best fit (lowest

RMSE). However, it should be noted that few PJs were observed in the

cohort overall. The AMEs showed no statistically significant correla-

tion between PJs and EQ-5D-Y scores, (Table 3). Sensitivity analyses

evaluating using the target joint concept that excluded chronic pain,

showed similarmagnitudes of estimateswith no statistically significant

findings, as samples remained small.

3.3 Relationship between problem joints and
overall work productivity loss (WPL)

The relationship between PJs and WPL due to haemophilia was esti-

mated using standard linear multivariate regression (Ordinary Least

Squares, OLS) for both the CHESS II and CHESS US+ analyses, as

the WPL is bounded between 0% and 100%, where a higher num-

ber indicates greater impairment (worse outcomes). MeanWPL scores
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F IGURE 2 MeanHRQoL scores (EQ-5D utility scores) by PJ burden –Descriptive statistics. PJ, problem joint.
aCHESS US+ categories evaluated 2, 3, and≥4 PJs separately, withmean (SD) HRQoL scores of .79 (.20), .70 (.26), and .62 (.24), respectively.
HRQoL is captured using EQ-5D-5L in CHESS II and US+ and using EQ-5D-Y in CHESS-Peads.

for each PJ classification category (count, location) are presented in

Figure 3 (mean [SD] values provided in Table A3).

In the CHESS II analysis of WPL, the association between PJ and

WPL was explored only using Option 1 (≥1 vs. 0 PJs) and Option 3 (PJ

location categories). The model with covariates for haemophilia sever-

ity, age, comorbidities, and education (Model 3) showed the lowest BIC

and was the most parsimonious model. The AMEs showed upper body

PJs to have the greatest and only statistically significant correlation

withWPL (Table 4).

The CHESS US+ analysis of WPL explored Option 1 (0 vs. 1 PJ),

Option 2 (0 vs. 1, 2, 3 or ≥4 PJs), and Option 3 (upper/lower body PJs).

As with the CHESSUS+HRQoL analysis, themodel with covariates for

age, comorbidities and education provided the best fit, with the lowest

AIC and the highest R-squared. TheAMEs showeda statistically signifi-

cant correlationwith≥1PJandbothupper and lowerbodyPJs, onwork

productivity loss, compared to having none (Table 4).

4 DISCUSSION

This study evaluated the relationship between PJs and both quality

of life and work productivity loss, across several large multinational

population study data sets. The suite of CHESS studies provides a

unique breadth of data for patient demographic and clinical charac-

teristics related to HRQoL, employment, and performance of daily

activities in the context of PJs. Approximately one-third of respon-

ders had ≥1 PJ, more often on the lower body than the upper body.

HRQoL, measured by EQ5D utility scores, was lower with increasing

PJ burden, particularly for those with PJs on both the lower and upper

body,whichwas highly statistically significant in the adjustedmodels of

adults with haemophilia (CHESS II and CHESS US+). The relationship

between having more than one PJs, versus having none, and EQ-5D

utility scores is negative and above .1, which is larger than the esti-

matedminimally important difference forEQ-5D.14 PJs are chronic and

irreversible to a large extent, assessments and interventions intended

to prevent their appearance could have positive impact on the HRQoL

of PwH. For thosewith established PJs, any provision of care that could

prevent the progression of PJs, could also have a positive effect in

HRQoL, according to findings of this study.

The association between PJs and WPL among adults reached sta-

tistical significance in the US cohort (CHESS US+), with the greatest

magnitude of association among thosewith both upper and lower body

PJs. It is important to note that WPL is only evaluated for PwH in

active employment, hence it does not capture the burden experienced
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F IGURE 3 Mean overall work productivity loss (WPL) by PJ burden –Descriptive statistics.
PJ, problem joint.

by those who might have stopped working as a result of PJs. The low

prevalence of PJs in the paediatric population made statistical mod-

elling difficult, with similar challenges and findings when the target

joint concept was evaluated. Taken together, these findings suggest a

significant, meaningful humanistic burden of PJs on PwH, particularly

for adults with increasing number and location of PJs.

To date, this is the most comprehensive assessment of the rela-

tionship between PJs and HRQoL and work impairment for PwH.

This study utilized large samples of physician and patient-reported

outcomes from children, caregivers and adults with haemophilia A

or B in Europe and the US. This work provides further support for

the relevance and applicability of the PJ concept across measures of

haemophilia burden, geographies, clinical factors and age groups. Dif-

ferences inHRQoLasa functionof thepresenceandburdenofPJswere

consistent across settings and populations. As these data were com-

pleted by voluntary participants, there may have been some inherent

bias among those who opted to participate. Nonetheless, we per-

formed rigorous regression analyses to adjust for relevant observed

covariates. We observed a relatively low prevalence of PJs in the pae-

diatric cohort, which made statistical modelling difficult. The burden

of PJs on the HRQoL of young PwH is important and should be eval-

uated in larger studies. In addition, when assessing the proportion of

PJs which were also TJs concurrently, there was a higher proportion

recorded in CHESS US+, with respect to those recorded in CHESS II

and Peads. TJs were, however, reported by physicians in CHESS II and

Paeds, and reported by PwH responding in the CHESS US+ dataset.

Finally, it is possible that unmeasured factors may have influenced

the estimation of results, which is a common limitation in empirical

studies.

5 CONCLUSION

This study has shown that an increase in the number of PJs was asso-

ciated with an increasing humanistic burden, that is, worse HRQoL

and larger work productivity loss, in PwH of all ages, types and sever-

ities across Europe and United States. These findings can be further

supported by large, longitudinal evaluations validating the relevance

and sensitivity of the PJ concept to measures of haemophilia bur-

den on people of all ages, as well as linguistic support and validation.

The patient-centric PJ concept of haemophilia-related chronic damage

could be important in both clinical and health policy assessments of

joint health and treatment effectiveness in order to account for the

PwH perspective in this lifelong debilitating condition.
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APPENDIX

TABLE A1 Model covariate definitions from the CHESS data sets

Variable

Data source

(physician/PwH) Type Detail

Bleed frequency Physician (CRF) Continuous Annualised bleeds, derived from

physician-reportedmonthly average bleeds

‘Problem Joints’ (Areas of chronic

synovitis)

Physician (CRF) 0/1 binary None, ‘one ormore’

Continuous Number of joints

Categorical Location of the participant’s PJ: neck, L/R

shoulder, L/R elbow, L/Rwrist, L/R hip, L/R

knee, L/R ankle, Spine, other.

Categorical Upper vs. lower

‘Target Joints’ (International

Society Thrombosis and

Haemostasis definition: three or

more spontaneous bleeds into a

single joint within a consecutive

6-month period)

Physician (CRF) 0/1 binary None, one ormore

Continuous Number of joints

Categorical Location of the participant’s TJ: neck, L/R

shoulder, L/R elbow, L/Rwrist, L/R hip, L/R

knee, L/R ankle, Spine, other.

Categorical Upper vs. lower

Therapy regimen Physician (CRF) Categorical (3

Categories)

Prophylaxis, on-demand or No clotting factor

concentrate in the last 12months

Country Physician (CRF) Categorical CHESS-Paeds: France, Italy, Germany, Spain,

UK;CHESS II: France, Italy, Germany, Spain,

UK, Denmark, Netherlands and Romania;

CHESSUS+: USA

Age Physician (CRF) Continuous CHESS I,II and US: Range (18+);

CHESS-Paeds: (1-17)

Highest level of education PwH (PPIE) Categorical (5

categories)

Only for CHESS II and US+: None, Primary,

Secondary, Undergraduate, Postgraduate

Comorbidities Physician (CRF) Categorical (4

categories),

0,1,2,3+

List of Comorbidities CHESS IIMyocardial

infarction, stroke, aerial fibrillation,

disseminated intravascular coagulation,

pulmonary embolism, arterial embolism,

intestinal ischemia, renal vascular disease,

acute cerebrovascular disease,

angiodysplasia, gingivitis, obesity, type I

diabetes, type II diabetes mellitus, HIV,

HBV, HCV, anaemia, osteoarthritis,

osteoporosis, Alcohol dependency, ADHD,

autism spectrum disorder, obsessive

compulsive disorder, fatigue, smoking, drug

dependence, others (open text field) CHESS

US+: Osteoarthritis, osteoporosis, type 2

diabetes, HBV, HIV, others (open text field)

CHESS-Paeds: Attention deficit disorder,

Autism spectrum disorder„ diabetes

mellitus, gingivitis, obesity, anaemia, Von

Willebrand’s disease, osteoarthritis,

osteoporosis, others (open text field)

Abbreviations: CRF, case report form; PPIE, public patient involvement and engagement form; PRF, patient record form.
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TABLE A2 Demographic and clinical characteristics –WPL Sample

Characteristic, n (%) unless noted CHESS II (N= 134) CHESSUS+ (N= 239)

Age, mean (SD) 38.5 (10.5) 35.1 (11.7)

Employment status

Full- or part-time employed 134 (100) 239 (100)

Unemployed – –

Retired – –

Other – –

Haemophilia A 116 (87) 168 (70)

Haemophilia B 18 (13) 71 (30)

Severity

Severe 70 (53) 239 (100)

Moderate 37 (28)

Mild 26 (19)

Comorbidities

0 26 (64) 131 (55)

1 37 (28) 49 (21)

2 10 (7) 27 (11)

≥3 1 (1) 32 (13)

Treatment regimen

Prophylaxis 38 (28) 173 (72)

On-demand 60 (45) 66 (28)

No CFC in last 12monthsa 36 (27) –

Annualised bleeding rate

Mean (SD) 2.9 (2.3) 5.8 (6.6)

Median (range) 2 (0, 12) 4 (0, 30)

Proportionsmay not sum to 100% due to rounding.

Abbreviations: CFC: clotting factor concentrate; NE, not evaluated; SD, standard deviation.
aPatient did not receive clotting factor concentrate in the last 12 month as reported by the treating physician: this group could include participants treated

with alternative therapies such as desmopressin or antifibrinolytics.

TABLE A3 MeanHRQoL andWPL scores by problem joint number and location category – Descriptive statistics

CHESS II CHESSUS+ CHESS-Paeds

Mean (SD) score

HRQoL

N= 292 WPLN= 134

HRQoL

N= 345 LN= 239

HRQoL

N= 198 WPL

0 PJs .81 (.18) 27.8 (.27) .81 (.25) 19.5 (.25) .70 (.25) NE

1 PJ .65 (.22) 36.6 (.31) .62 (.29) 22.3 (.25) .60 (.30) NE

≥2 PJs .58 (.28) NE NEa NEa .47 (.37) NE

Upper PJ only .69 (.16) 49.2 (.24) .69 (.28) 28.4 (.34) .56 (.31) NE

Lower PJ only .64 (.23) 32.7 (.32) .71 (.23) 27.3 (.25) .52 (.34) NE

Both upper and

lower PJs

.47 (.35) 34.3 (.35) .55 (.30) 32.3 (.26) NE NE

Abbreviations: HRQoL, health-related quality of life; NE, not evaluated; PJ, problem joint;WPL, work productivity loss.
aCHESSUS+ categories evaluated 2, 3, and≥4PJs separately, withmean (SD)HRQoL scores of .79 (.20), .70 (.26), and .62 (.24), respectively; mean (SD)WPAI

scores were 17.6 (.22), 29.6 (.20), and 44.2 (.26), respectively.
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