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Methods: We studied 192 adults with hemophilia, and 120 healthy adults in four
age-matched groups—18 to 29, 30 to 40, 41 to 50, and >50 years—at nine centers.
Trained physiotherapists scored the HJHS and World Federation of Hemophilia
(WFH) joint score. Health history, the Functional Independence Scale of Hemophilia
(FISH), Hemophilia Activities List (HAL), and Short-Form McGill Pain Questionnaire
(SF-MPQ) were also collected.

Results: The median age was 35.0 years. Of participants with hemophilia, 68% had
severe, 14% moderate, and 18% mild disease. The HJHS correlated strongly with WFH
score (Spearman’s rho [r] = .95, P < .001). Moderate correlations were seen between
the FISH (r, = .50, P < .001) and SF-MPQ Present Pain Intensity (r, = .50, P < .001),
while a modest correlation was found with the HAL (r5 = -.37, P < .001). The HJHS sig-
nificantly differentiated between age groups (Kruskal-Wallis T = 35.02, P < .001) and
disease severity in participants with hemophilia. The HJHS had high internal reliability
(Cronbach'’s o = .88). We identified duration of swelling as a redundant item in the HJHS.
Conclusions: The HJHS shows evidence of strong convergent and discriminant con-
struct validity to detect arthropathy in adults with hemophilia and is well suited for

use in this population.
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e The HJHS version 2.1 (HJHSv2.1) instrument was valid for arthropathy in adults with hemophilia.

e HJHS scores progressively worsen with age.

o Age-related HJHSv2.1 reference values are presented for healthy adults.

e The HJHS is suitable for use in adults with hemophilia.

1 | INTRODUCTION

In persons with hemophilia, spontaneous and/or trauma-related he-
marthrosis and bleeding into muscles commonly leads to arthropa-
thy and joint dysfunction.! Hemophilic arthropathy is characterized
by chronic proliferative synovitis with associated chronic osteo-
chondral changes in the large joints, especially affecting the elbows,
knees, and ankles (the “index* joints)."> While the early and regular
prophylactic administration of factor concentrates very significantly
decreases the yearly rate of hemarthroses associated with hemo-
philia, preventing the pernicious development of joint damage that
may accompany subclinical bleeding or inadequate prophylaxis is
more challenging. Structural joint damage can be assessed by imag-
ing, but radiological methods have limitations such as lack of sen-
sitivity to early joint damage in the case of plain x-rays, and high
cost or the need for specialized equipment for magnetic resonance
imaging (MRI) or ultrasound.®* The objective measurement of joint
health by physical examination therefore remains of paramount im-
portance for care teams in evaluating the impact of clinical inter-
ventions, and even more so as innovative but costly approaches to

correcting hemostatic deficiencies are introduced.>®

Over the past 20 years, considerable efforts have been di-
rected to improving the original World Federation of Hemophilia
(WFH) Orthopedic Joint Score (also known as the Gilbert Score).
The Hemophilia Joint Health Score (HJHS) was specifically de-
veloped by the Physical Therapy Expert Working Group of the
International Prophylaxis Study Group to detect early joint
changes in boys aged 4 to 18 years with hemophilia.7’8 It built on
the early work by clinical teams in Denver and Stockholm, who
were trying to improve the detection of subtle changes in joint
health in persons with hemophilia. The HJHS is derived from a
physical examination of the index joints by a health care profes-
sional who should have training and expertise in the conduct of
a detailed musculoskeletal (MSK) examination. It is a measure
of joint health and sits within the World Health Organization
International Classification of Function and Disability domain of
body structure and function (ie, impairment). The current HJHS
version 2.1 comprises an assessment of specific features, or items,
of the six index joints and an assessment of global gait. For each of
the six joints, the following items are scored: swelling (scored 0-3),
duration of swelling (0-1), muscle atrophy (0-2), crepitus on motion
(0-2), flexion loss (0-3), extension loss (0-3), joint pain (0-2), and
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strength (0-4). The maximum score for an individual index joint is
20. Gait is scored O to 4. The maximum HJHS total score is 124,
with a higher score indicating worse joint health. The measure-
ment properties of various physical examination instruments used
in hemophilia, including the HJHS, have recently been extensively
reviewed and assessed. The authors concluded that the body
of evidence supporting the use of the HJHS in clinical practice
was particularly strong in pediatric populations and in intensively
treated young adults. However, they found that the validity of the
HJHS in adults needed to be further investigated.9

We hypothesized that the Hemophilia Joint Health Score
(HJHSv2.1) is valid for use in adults with hemophilia. The primary
study objective was, therefore, to investigate the convergent con-
struct validity and discriminant construct validity of the HJHSv2.1
in adults with hemophilia by examining correlations with rele-
vant constructs such as functional independence (as determined
by the Functional Independence Scale of Hemophilia [FISH], and
Hemophilia Activities List [HAL]) and pain (as determined by the
Short-Form McGill Pain Questionnaire [SF-MPQ]), as well as ob-
served differences in scores between known groups in whom we
expect differences. A secondary objective was to explore if any
modifications, item reduction, or addenda to the tool are required
for the adult population. In addition, little is known regarding the
properties of the HJHS in healthy adults. Another important second-
ary objective of this study was to define age-related HJHS scores in
healthy men without hemophilia to establish normative adult refer-

ence values.

2 | METHODS

2.1 | Study design and participants

This was a cross-sectional study approved by the Research Ethics
Boards at The Hospital for Sick Children, Toronto (data coordina-
tion center), CHU Sainte-Justine, Montreal, Canada (central coor-
dination site), and the eight additional participating sites (Cliniques
Universitaires St-Luc, Haemostasis & Thrombosis Unit, Brussels,
Belgium; Christian Medical College, Vellore, India;, Hemophilia
and Thrombosis Center, University of Colorado Anschutz Medical
Campus, Aurora, CO, USA; Indiana Hemophilia and Thrombosis
Center, Indianapolis, IN, USA; The Center for Inherited Blood
Disorders [CIBD], Orange, CA, USA,; the Centre for Haemostasis and
Thrombosis, Guy’s and St Thomas’ NHS Foundation Trust, London,
UK; Haemophilia, Haemostasis and Thrombosis Centre, Basingstoke,
UK; and Royal Free Hospital, Katherine Dormandy Haemophilia and
Thrombosis Centre, London, UK). Informed consent was obtained
from all participants.

Adults aged 218 years diagnosed with hemophilia A and B (factor
VIl and IX deficiency) of any severity were eligible for this study. The
ISTH definitions of severity of hemophilia were used in our study
and analysis.10 Participants with a past or current history of inhibi-
tors, infections such as hepatitis C and/or HIV, or prior arthroplasty
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or arthrodesis could be recruited into the study. Candidates were
excluded on the basis of comorbid illnesses such as rheumatoid
arthritis, muscular dystrophy, neurologic disorders, or other non-
hemophilia-related significant MSK conditions that may have inde-
pendently affected the HJHS score, as were candidates who were
unable to comply with the study protocol or deemed inappropriate
by the investigators. As per guidelines in the HJHSv2.1 instruction
manuals, candidates within 2 weeks of an acute joint bleed were
excluded or the study procedure was postponed until the eligibility
criteria were met.

Age-matched healthy men without hemophilia were also re-
cruited. Again, participants with conditions such as rheumatoid ar-
thritis, muscular dystrophy, neurologic disorders, or other significant
MSK conditions that may have independently affected the HJHS
score were excluded. However, subjects with mild osteoarthritis,
mild sequelae from injury or minor joint surgeries such as tendon re-
pair, or other mild nonspecific degenerative conditions were allowed
to participate.

Participants from both groups were stratified into four age
groups: 18 to 29, 30 to 40, 41 to 50, and >50 years. Study sites were
allocated similar recruitment targets based on age and hemophilia
severity. Participants with hemophilia were identified using clinic
databases and were approached by their treatment team shortly
before or at the time of their regularly scheduled clinic visit via let-
ter, telephone, or in person with no selection criteria other than age
and a confirmed diagnosis of hemophilia. Adults without hemophilia
were recruited through flyers, posters, or institutional recruitment

websites.

2.2 | Study procedures and measures

All study procedures were generally performed during one visit to
the study site. General demographic, occupation, sport activities,
and health information about factor levels, history of an inhibitor,
number and types of bleeds in the preceding 12 months, factor
prophylaxis regimen, regular use of MSK aids, coinfections, medi-
cations, history of arthritis, joint replacement, and any joint or limb
surgeries were obtained through an interview and review of the pa-
tient health chart.

All participants underwent one MSK examination performed
by physiotherapists specialized in hemophilia care and with long-
standing experience in use of the HJHS. In the case of participants
with hemophilia, the HJHS, WFH (Gilbert) and FISH were performed
by the same physiotherapist, who was blinded to the scores of the
other measures, except for the Vellore, India, study site, where the
FISH score was obtained by an occupational therapist. In the healthy
participants without hemophilia, only the HJHS was completed. The
HAL and SF-MPQ are self-reported measures that participants with
hemophilia completed independently.

Data collection was completed in case report forms by the re-
search team members at each study site and sent to the central data
coordination center for entry into a secure electronic database. Data
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quality was ensured by thorough double verification of the received

data in addition to query responses provided by each study site.

2.21 | Hemophilia Joint Health Score version 2.1

The HJHSv2.1 was performed according to the instruction manual
and video available through registration on the web site http://ipsg.
ca/hjhs-portal. Iltems from the original HJHS version 1.0, specifically
axial alignment and instability, were also collected for review in this
specific population. These two items were scored independently
from the HJHSv2.1 total score to determine if they warranted inclu-
sion in an additional module that is targeted for use in adults with
hemophilia. Participants who had undergone previous joint replace-
ment surgery had those joints scored using the same item definitions

and grading as nonoperated joints.

2.2.2 | WEFH Orthopaedic Joint score
The WFH score was calculated by study physiotherapists from the
same raw data obtained while performing the HJHSv2.1 and using

the scoring sheet available from the WFH website.!*?

2.2.3 | Functional Independence Score
in Hemophilia

An objective assessment of participants’ ability to perform activities
was scored using a validated performance-based measure, the FISH,
which includes the assessment of eight activities: eating, groom-
ing, dressing, chair transfer, squatting, walking, step climbing, and
running.13'15 The score was calculated on the basis of the materials

provided online at http://www.wfh.org/en/page.aspx?pid=884.

2.2.4 | Hemophilia Activities List

The HAL is a tool that measures the impact of hemophilia on self-
perceived functional abilities in adults. It is a self-administered ques-
tionnaire originally developed in Dutch and has validated versions in
the languages used in this study. It consists of 42 items in seven do-
mains: lying down/sitting/kneeling/standing, functions of the legs,
functions of the arms, use of transportation, self-care, household
tasks, and leisure activities and sport.“"17 It was used in all partici-
pants with hemophilia with the exception of the Vellore, India, study
site where investigators had previously found it to be unreliable in
their population.t®

2.2.5 | Short-Form McGill Pain Questionnaire

The SF-MPQ is a self-administered pain questionnaire and consists
of 15 descriptors that are rated on an intensity scale: O (none) to 3

(severe). The Pain Rating Index includes three pain scores, derived
from the sum of intensity rank values of the words chosen in each
of the dimensions of pain: sensory (11 items), affective (4 items), and
total descriptors. The short form includes the selection of a repre-
sentative group of words in each category. The SF-MPQ also includes
avisual analog scale known as the Present Pain Intensity scale. It has

been validated and is available in more than 80 languages.*®

2.3 | Analysis and sample size

For this analysis, correlation values >0.8 are considered to indicate
strong correlation, whereas values of 0.4 to 0.8 are considered mod-
erate and 0.2 to 0.39 are considered modest.

Convergent construct validity was considered to have been es-
tablished if all the correlations (Spearman’s rho [r]), as follows, were
achieved. We hypothesized that the correlation between the total
HJHS score and the WFH score would be strong, as they address
the same construct. We hypothesized a moderate correlation when
the HJHS is compared to the FISH and modest to moderate negative
correlation with HAL, given the fact that these measures address ac-
tivity limitation and (in the case of the HAL) participation rather that
specifically structure and function of the joints. Finally, we expected
amodest to moderate correlation with the subscales of the SF-MPQ,
as features of pain are related to the types of damage picked up by
the HJHS. No correction was made for multiple tests of correlation,
as all of the convergent construct validity hypotheses had to be as
predicted to conclude convergent construct validity and because we
were concerned with the magnitude of the correlation and not the P
values in this analysis.

Discriminant (known groups) construct validity was considered
to have been established if the HJHS scores were significantly higher
in older adults than in younger adults and in participants with severe
hemophilia compared to those with mild or moderate disease (as
assessed by the Kruskal-Wallis nonparametric analysis of variance).

To explore if we could reduce the items of the HJHS in adults by
removing those that contributed poorly to the assessment of the con-
struct of joint impairment, we examined their internal reliability using
Cronbach’s a and the item-total correlations. Cronbach’s o should be
between 0.7 and 0.9; with a higher value indicating very good inter-
nal reliability. Item-total correlations calculated with r, <.3 indicated
that an item did not contribute to measurement of the target con-
struct (joint health in the structure and function domain). Redundant
items were also examined by correlations using r_. Interitem correla-
tions calculated with r, <.2 indicated items with a weak correlation
and >.9 indicated potential item redundancy. Exploratory analysis
using item-total correlations calculated with r_ were also completed
with HJHS items previously removed from earlier versions (instabil-
ity and axial alignment). Finally, items with nonzero scores in <15% of
participants were considered rarely endorsed.

Our target sample size of 200 persons with hemophilia and
120 healthy adults was calculated to show, with over 95% power
at a = .05, that an observed correlation of 0.6 (moderate) is statisti-
cally different from a correlation of <0.4 (modest); this would mean
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TABLE 1 Demographic and clinical characteristics of the hemophilia study cohort

Age cohorts, year
Type
Hemophilia A
Hemophilia B
Factor level
<1%
1%-5%
>5%
Prophylaxis regimen
Episodic (“on-demand”)
Primary prophylaxis
Other prophylaxis
Inhibitors
Current inhibitor
Past inhibitor
Comorbid conditions
HIV
Prior or active hepatitis C virus
Other comorbid conditions
Medications (regularly)
Nonsteroidal anti-inflammatory drugs
Opioid analgesics
Other analgesics (eg, acetaminophen)
Reporting use of aids (eg, brace, splint, cane)
Prior joint replacement
Elbow
Knee
Ankle
Hip
Prior synovectomy
Bleeds

Reporting any bleeds in the 4 wk before study
participation

Reporting joint bleeds in the 12 months before study
participation

Employment status
Student
Employed
Unemployed
Retired

Unknown

18-29

(N = 65)

60(92.3)
5(7.7)

45 (69.2)
10 (15.4)
9(13.8)

24 (36.9)
25(38.5)
16 (24.6)

4(6.1)
8(12.3)

0(0)
0(0)
2(3.1)

1(1.5)

2(3.1)

1(1.5)
10 (15.4)

0(0)
1(1.5)
0(0)
0(0)
14 (21.5)

11 (16.9)

2(18.5)

4(36.9)
(55.4)
(7.7)
(
(

o

)

36
5
0
0(0)

Note: All values represent numbers and their associated percentage.

30-40

(N =51)

47 (92.2)
4(7.8)

37(72.5)
5(9.8)
9 (17.6)

27 (52.9)
12 (23.5)
12 (23.5)

2(3.9)
5(9.8)

2(3.9)
6(11.8)
12 (23.5)

2(3.9)
0(0)
1(2)

17 (33.3)

0(0)
5(9.8)
0(0)
1(2)
18(35.3)

10 (19.6)

12 (23.5)

1(2)
44 (86.3)
5(9.8)
0(0)
1(2)

41-50

(N = 26)

22(84.6)
4(15.4)

18 (69.2)
4(15.4)
4(15.4)

12 (46.1)
1(3.8)
13 (50)

2(7.7)
2(7.7)

7(29.9)
7(26.9)
12 (46.1)

6(23.1)
2(7.7)

4(15.4)
6(23.1)

0(0)

7 (26.9)

0(0)

1(3.8)
12 (46.2)

9 (34.6)

8(30.8)

0(0)
22 (84.6)
2(7.7)
2(7.7)

0(0)

>50

(N =50)

35(70)
15 (30)

30 (60)
7 (14)
12 (24)

22 (44)
0(0)
28 (56)

1(2)
2(4)

11(22)
6(12)
30 (60)

3(6)

7 (14)
18 (18.4)
15 (30)

1(2)
22 (44)
0(0)
4(8)
15 (30)

10 (20)

9 (18)

0(0)
6(52.0)
7(14.0)
6(32.0)
1(2)

rpﬂ‘ 50f11

esearch & practice

in thrombosis & haemostasis

Total

(N =192)

164 (85.4)
28 (14.6)

130 (67.7)
26 (13.5)
34 (17.7)

85 (44.3)
38(19.8)
69 (35.9)

9(4.7)
17 (8.9)

20 (10.4)
19 (9.9)
56(29.2)

2(6.3)
5.7)

4 (12.5)

8(25)

5(13.0)
128 (66.7)
9(9.9)
8(9.4)
2(1.0)

Note Episodic “on-demand”: Treatment at the time of a bleed. Patient may be infusing factor from time to time before a risky activity to prevent
bleeding. Primary prophylaxis: Factor infusions given regularly at least once a week to prevent bleeding and its consequences in a patient with no
established joint disease—usually starting in the first or second year of life, before the third year, or after a spontaneous joint bleed. This option was
selected for patients that have been on uninterrupted primary prophylaxis since childhood, as defined above. Any other prophylaxis: Factor infusions
given regularly at least once a week in order to prevent bleeding. Bleeds: include both spontaneous and traumatic bleeds.
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that our sample size was adequate to explore all our convergent con-

struct validity hypotheses.

3 | RESULTS

This study was conducted between 2016 and 2018. We enrolled
192 adults with hemophilia (median age, 35.0 years; range, 18-82)
and 120 age-matched healthy adults without hemophilia (median
age, 35.0 years; range, 18.0-69.0) in this study. The demographic
and clinical characteristics of the hemophilia cohort are provided
in Table 1. Among the participants with hemophilia, 130 (68%) had
severe, 26 (14%) had moderate, and 34 (18%) had mild disease. With
regard to treatment regimens, 85 (44%) were on episodic treatment
at the time of study, 38 (20%) were considered to have been on pri-
mary prophylaxis since early childhood, and 69 (36%) were on other
types of prophylaxis regimens. The prevalence of treatment regimen
(episodic vs prophylaxis) varied as expected on the basis of age and
disease severity. Of the participants with hemophilia, 31 (16%) had
a history of joint replacement, and 59 (31%) had had some form of
surgical, chemical, or radioisotope synovectomy. Being involved in
a sport or other form of physical activity in the preceding 3 months
was reported by 102 (53%) of participants with hemophilia. Table 1
provides more detailed information by age category.

Table 2 provides the demographic and clinical characteristics
of the healthy participants without hemophilia. Of those, 17 (14%)

reported having had various surgery on their limbs, but none had

TABLE 2 Demographic and clinical characteristics of the healthy
nonhemophilia study cohort

18-29 30-40 41-50 >50
Age cohorts, y (N = 40) (N = 35) (N=22) (N=23)
Prior significant 11(27.5) 13(371) 5(22.7) 9(39.1)
limb injury
Prior limb surgery
Wrist 0(0.0) 0(0.0) 1(4.5) 1(4.3)
Shoulder 0(0.0) 1(2.9) 0(0.0) 0(0.0)
Knee 4(10.0) 3(8.6) 1(4.5) 0(0.0)
Ankle 0(0.0) 2(5.7) 0(0.0) 0(0.0)
Hip 0(0.0) 0(0.0) 0(0.0) 1(4.3)
Other 0(0.0) 1(2.9) 0(0.0) 2(8.6)
Prior joint 0(0.0) 0(0.0) 0(0.0) 0(0.0)
replacement
Physical activities
Past 3 months 37(92.5) 29(82.6) 14(63.6) 15(65.2)
Leisure sports/ 26 (65.0) 24(68.6) 10(45.5) 13(56.5)
activities
Organized 8(20) 4(11.4) 4(18.2) 0(0.0)
sports (team
or league)
Unknown 3(7.5) 1(2.9) 0(0.0) 2(8.7)

Note: All values represent numbers and their associated percentage.

TABLE 3 Percentiles of the HJHS total score in the healthy
adults without hemophilia

HJHS total score

Age cohorts, y 18-29 30-40 41-50 >50
N 40 35 22 23
Median 2.0 3.0 3.0 8.0
Minimum 0.0 0.0 0.0 0.0
Maximum 13.0 15.0 12.0 34.0
2.5th percentile 0.0 0.0 0.0 1.1
5th percentile 0.0 0.0 0.0 2.0
25th percentile 0.8 1.5 2.0 3.0
50th percentile (median) 2.0 3.0 3.0 8.0
75th percentile 5.0 6.0 6.0 12.5
95th percentile 9.2 12.2 10.8 19.4
97.5th percentile 12.0 15.0 11.5 26.3

Abbreviation: HJHS, Hemophilia Joint Health Score.

undergone a joint replacement. Among the participants without he-
mophilia of all age categories, 95 (79%) reported engaging in sports
and other physical activities over the preceding 3 months.

Occupations for both participants with and participants without
hemophilia were categorized into the 10 categories of the Canadian
National Occupational Classification version 1.7 This information is
available in Appendix S1.

The HJHS total scores had a wide span in all age categories and
increased with age (Figure 1). The median (interquartile range [IQR])
of HJHS total score in the adults with hemophilia was 9.0 (2.0-21.0)
in participants aged 18 to 29 years, 27.0 (8.0-38.0) in participants
aged 30 to 40 years, 36.0 (20.50-48.0) in participants aged 41 to
50 years, and 37.0 (17.0-50.8) in those aged >50 years.

In comparison, the HJHS total scores in the healthy adults with-
out hemophilia were significantly lower. Median (IQR) HJHS total
scores were 2.0 (0.75-5.0) in those aged 18 to 29 years; 3.0 (1.5-6.0)
in those 30 to 40 years; 3.0 (2.0-6.0) in those 41 to 50 years, and 8.0
(3.0-12.5) in those >50 years. HJHS scores increased as a function
of age in healthy adults without hemophilia, with r, = .34 (P < .001;
Table 3).

The Mann-Whitney U test indicated that the HJHS total score
was significantly greater in adults with hemophilia compared
to healthy men without hemophilia: in participants with hemo-
philia aged 18 to 29 years (U = 1973.0, P < .001); 30 to 40 years
(U = 1486.0, P < .001); 41 to 50 years (U = 549.5, P < .001); and
>50 years (U= 1034.5, P < .001). The descriptive results for all other
outcome measures completed by the hemophilia cohort are pro-
vided in Table S1.

3.1 | Validation

As hypothesized, there was a very high correlation between the
HJHS total scores and the WFH Gilbert scores. Moderate to
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modest correlations were seen between the HJHS and the pain
(SF-MPQ), function (FISH), and activity (HAL) measures (Table 4),
as predicted.

The HJHS total score significantly differentiated between age
groups (Kruskal-Wallis T = 35.02, P < .001) and disease severity in
persons with hemophilia. In participants aged 18 to 29 years, the
median HJHS total scores were, respectively, 0.5, 9.0, and 13.0 in
participants with mild, moderate, and severe hemophilia (Kruskal-
Wallis T = 6.939, P = .03); comparable values were 3.0, 27.5, and 31
in those aged 30 to 40 years (Kruskal-Wallis T = 11.439, P = 0.003);
13.0, 29.5, and 41.5 in those aged 41 to 50 years (Kruskal-Wallis
T=6.211,P=0.05); and 18.0, 29.0, and 42.0 in those aged >50 years
(Kruskal-Wallis T = 9259, P = .010; Figure 1).

3.2 | Internal reliability and possible item reduction
Overall, the HJHSv2.1 items had a high degree of internal reliabil-
ity (Cronbach’s o = .88). Item score-total score correlations showed
that almost all HJHS items (muscle atrophy, crepitus, flexion and
extension loss, joint pain, and strength) were highly correlated, ex-
cept for the items swelling and duration of swelling, which were only
moderately correlated.?®

As an exploratory analysis, axial alignment and instability, items
included in the initial HJHS version (version 1.0), were examined to
determine if they were useful items to include in the adult hemo-
philia population. Both axial alignment (r, =.215; P =.003) and insta-
bility (rs =.227; P =.002) were poorly correlated with the HIHSv2.1
total score, and also resulted in an interitem correlation of r, = .229,
which was less than all other HJHSv2.1 items (Table 5).

The items in the HIHSv2.1 had a moderate correlation with each
other. Two items, swelling and duration of swelling, were very highly
correlated (r, = .95; P < .001) indicating a high degree of redundancy.

45
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In all four age categories for persons with hemophilia, every
HJHS item had an abnormal (nonzero) score for at least 40% of the
participants. The HJHS items with the largest proportion of a zero
score (normal) were: strength in 40 (61.5%) participants aged 18 to
29 years; swelling and duration of swelling in 25 (49.0%) participants
aged 30 to 40 years; extension loss in 6 (23.1%) participants aged 41
to 50 years; and duration of swelling in 18 (36%) participants aged
>50 years. Of note, maximum scores in the item global gait were
obtained in >60% of the participants in the age categories 41 to
50 years and >50 years.

In contrast, in healthy adults of all age categories, the HJHS
items had an abnormal (nonzero) score in <30% of participants,
with the exception of crepitus, which was present in >60% of the of
participants. In healthy adults aged >50 years, more items had ab-
normal scores: swelling (52.2%), duration of swelling (60.9%), muscle
atrophy (56.5%), and global gait (52%). In addition, only two healthy
participants obtained a maximum score in global gait, and both were
aged >50 years. The HJHS items with the largest proportion of zero
(normal) scores in healthy adults aged 18 to 29, 30 to 40, and 41 to
50 years were strength (n = 94; range, 95.0%-100%) and joint pain
(n =91; range, 90.1%-95.0%).

4 | DISCUSSION

We have found the HJHS to be a valid joint assessment tool with high
internal reliability in the adult hemophilia population. Moreover, the
HJHS significantly differentiated between age groups and disease
severity, confirming its discriminant construct validity. As expected,
the HJHS and the WFH Gilbert physical examination joint score
showed excellent correlation. Together with the moderate correla-
tions between the HJHS total score and both pain (SF-MPQ) and

functional independence (FISH) in the participants with hemophilia,

42

Severe

Moderate

Mild

Healthy

30-40 41-50
Age Group
B Healthy Mild Moderate M Severe
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TABLE 4 Spearman’s correlation between the HJHS total score and WFH (Gilbert) score, SF-MPQ, FISH, and HAL

SF-MPQ
WFH total score  Sensory PRI  Affective PRI
HJHSv2.1 total 0.95 0.52 0.38

score (P <.001)

SF-MPQVASscale PPlscore Fishtotal score  HAL total score

0.47 0.50 0.50 -0.37

Abbreviations: FISH, Functional Independence Score of Hemophilia; HAL, Hemophilia Activities List; HIHS, Hemophilia Joint Health Score; PPI,
Present Pain Intensity; PRI, Pain Rating Index; SF-MPQ, Short-Form - McGill Pain Questionnaire; WFH, World Federation of Hemophilia Physical

Examination (Gilbert) Score.

TABLE 5 Item score-total score correlation

Item score-total score

HJHSv2.1 item correlation (Spearman’s rho)

HJHS swelling (total) .58
HJHS duration of swelling .60
HJHS muscle atrophy (total) .84
HJHS crepitus (total) 76
HJHS flexion loss (total) .85
HJHS extension loss (total) .89
HJHS joint pain (total) 76
HJHS strength (total) 79
Global gait score .80

Note: All items had a P value < .001.
Abbreviation: HIHS, Hemophilia Joint Health Score.

this establishes the convergent construct validity of the HJHS as we
initially postulated.

A limitation of our study, however, relates to fact that the same
physiotherapist computed both the HJHS and WFH joint score using
the same raw physical measurements based on the standardized set
of instructions provided with the HJHS tool. In regular practice, no
such instructions are provided to arrive at the WFH joint score. We
are of the opinion that this improved the performance of the WFH
joint score, which was judged to be relatively insensitive in a recent
review’ and which explains in part the high correlation between the
two scores.

Interrater and test-retest reliability has previously been
demonstrated for the HJHS? and was not in the scope of the cur-
rent study. In teenagers and young adults, other investigators have
shown a low correlation between HJHS and MRI scores and a high
correlation with Petterson scores.?'?? Studying the correlation of
HJHS and imaging scores was also outside the scope of this inves-
tigation. Investigators in the United Kingdom and the Netherlands
have previously studied the relationship between the HJHS total
score and functional abilities as assessed by the HAL in adults with
hemophilia?® and von Willebrand disease.?* In both studies, strong
correlations were demonstrated between the HJHS and HAL. A
larger study in the United States investigated the correlations be-
tween four patient-reported outcome instruments, including the
HAL, in adults with hemophilia.25 An optional HJHS examination

was performed on a subset of the subjects, and only a moderate
correlation was found between HJHS scores and HAL, similar to
our findings. Although these three studies were not designed spe-
cifically to establish the convergent and discriminant construct
validity of the HJHSv2.1, their results all generally support our
conclusions.

Itis interesting to note that the HJHS total scores of participants
with mild and moderate hemophilia aged >40 years were similar.
However, moderate hemophilia is much less prevalent than the se-
vere and mild forms. It can be associated with a range of bleeding
phenotypes and represented the smallest group in our cohort. The
median HJHS total score for a given age group with moderate hemo-
philia should be interpreted with caution.

The HJHS has been criticized by many as too time consuming for
routine clinical practice, and efforts are under way to determine if
a shorter version could be developed.26 To that end, we confirmed
that all HJHS items displayed internal reliability but did not all con-
tribute in a relevant way to the assessment of the joints. We found
that the duration of swelling and swelling items were very highly
correlated suggesting that only one item (swelling) may need to be
scored for adults. This finding is consistent with the conclusions of a
recent review of previously published data by a panel of experts.?®
In addition, our analysis shows that axial alignment and joint instabil-
ity were rarely endorsed and contributed little to the overall score;
therefore, the exclusion of these items in the HJHS 2.1 seems rea-
sonable in adults as well.

We purposefully elected to include participants with hemophilia
who had undergone joint arthroplasty or fusion in our study, and
those joints were scored with the same scale for all HJHS items as
nonoperated joints. It can be expected that prior surgery had a sig-
nificant impact either positively or negatively on the scores of all
HJHS items (such as flexion loss, extension loss, joint pain, etc) for
those operated joints. The same could be argued for prior synovec-
tomy or other types of therapeutic interventions. Participants with
prior joint replacements represented 31% and 54% of the partici-
pants in the cohorts aged 41 to 50 and >50, respectively, a propor-
tion comparable to data reported by others.?”?® Including patients
with arthroplasty or joint fusion does not alter our conclusion with
regard to the construct validity of the HJHS as a measure of joint
health at one point in time. Further analysis of our data on operated
joints will be performed in the future to assess how scoring criteria
might be adapted on the basis of the type of surgery.
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Reference ranges for the nonhemophilia population are re-
quired to discriminate between HJHS scores due to hemophilia-
related complications and progressive MSK issues resulting from
age progression. We have shown, based on our examination of 120
healthy adult participants, that the normative adult reference val-
ues of the HJHS total score in healthy men extends up to 12 (95th
percentile) in healthy men aged <50, and up to 19 (95th percentile)
in those aged >50. A history of minor joint injury or surgery is very
prevalent in men who would otherwise be considered healthy and
is difficult to recall or document accurately over a lifetime.’?> We
therefore chose not to exclude from our healthy cohort partici-
pants with such a history and consider our healthy control group
to be appropriate.

These data are important for the accurate interpretation of joint
outcomes using the HJHS in cohorts of adults with hemophilia. We
plan to compare the goniometric measures of joint mobility we ob-
tained in our healthy participants by age cohorts with the normative
tables provided with the HJHS instruction manual and those avail-
able in the literature.

Our study sites were hemophilia treatment centers with well-
developed and experienced MSK teams, including physiotherapists
already very familiar with the use of HJHS who followed the instruc-
tions provided to standardize its use. As in any study, the input of
the HJHS scores in a large database led to queries and corrections in
the process of data cleansing to an extent that might not be repro-
duced in real-world practice, even in large hemophilia clinics or reg-
istries. Eight of our nine study sites were situated in North America
or Europe, and one was in India. Our cohort may not be representa-
tive of areas where health care for persons with hemophilia is more
limited. Studying the performance of the HJHS in a larger sample of
adults with limited access to hemostatic agents will be important to
assist with the development of individualized treatment plans and
data collection for patient advocacy initiatives.

Although we included countries known to have race diversity
and multicultural populations, our study did not collect race or eth-
nicity information, which limits our ability to identify specific racial
and ethnic minority groups. This would be important and useful in-
formation for future research.

Future studies of the HJHS may consider the application of
the weighted HJHS scoring system proposed by Ribeiro and col-
Ieagues29 to provide impactful HJHS total scores emphasizing the
most important clinical indicators on joint health. Further studies
specifically designed to quantify the responsiveness of the HJHS to
clinical interventions are also greatly needed.

In conclusion, we have demonstrated excellent convergent and
discriminant construct validity of the HJHS in the adult population.
The adult normative values obtained from this study will provide con-
text on HJHS scores resulting specifically from bleed-related dam-
age and not age-related joint impairment as is seen in healthy adults
without hemophilia. Future modifications of the HJHS for adults may
be improved by removing or modifying certain items, leading to a
validated single MSK assessment tool across the life span of persons
with hemophilia suitable for clinical and research use.
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