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General introduction



Chapter 1

HAEMOPHILIA

Haemophilia is an X-linked recessive bleeding disorder, caused by a deficiency of
coagulation factor VI (FVIII, haemophilia A) or factor IX (FIX, haemophilia B). The
prevalence of haemophiliais 1in 10,000 births. The severity of the disease is determined
by the level of clotting factor VIIl or FIX, categorized into severe (FVII/FIX activity <0.01
IU/ml), moderate (FVIII/FIX activity 0.01 - 0.05 IU/ml) or mild (FVIII/FIX activity 0.06 - 0.40
IU/ml) haemophilia. Patients with mild haemophilia experience bleeds only after major
trauma or surgery, moderate haemophilia may cause spontaneous bleeding or bleeds
after minor trauma or surgery, whereas severe haemophilia leads to spontaneous
bleeding. Most of these bleeds occur in joints and muscles [1]. The ankles, knees and
elbows are the most frequently affected joints [2]. Joint bleeds affect the cartilage
directly, as well as indirectly through synovial inflammation, and eventually result in
haemophilic arthropathy [3]. Haemophilic arthropathy leads to pain and loss of range
of motion which has an impact on activities, participation and health-related quality
of life [1,4].

Haemophilia treatment improved dramatically over the last decades. In 1964, the first
haemophilia comprehensive care center was established in the Netherlands by dr.
Simon van Creveld. Prophylactic clotting factor replacement therapy is an effective
treatment to reduce bleeding frequency and was introduced soon afterwards in
the Netherlands in 1968 [1]. Before the introduction of prophylaxis, persons with
haemophilia (PWH) suffering from a bleed were imposed to (long-term) bed rest and
immobilization of the affected joint. Nowadays, boys participate in sports similar to
their peers [5]. On top of that, extended half-life concentrates and non-replacement
therapy were implemented in day-to-day care and even gene therapy is introduced in
haemophilia trials as a next step to improve outcomes and reduce patient burden of
PWH [6-8]. These improvements in treatment strategies have a great impact for PWH
through bleed prevention and consequently maintaining joint health.
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OUTCOME ASSESSMENT

Assessing outcomes is essential to evaluate any treatment from an individual patient
level in day-to-day care or at group level to compare treatment strategies. As PWH
experience less bleeds and life expectancy increased to almost normal [9], a shift
is needed from assessing only bleeding frequency and joint status to a broader
health assessment. This can be achieved through outcome assessment on the whole
International Classification of Functioning (ICF) spectrum. According to the World Health
Organization (WHO) ICF framework, health is an interaction between ‘body functions
and structure’, ‘activities and participation’ and ‘contextual factors’ [10]. Figure 1 gives an
overview of the ICF and recommended outcome measures for each domain. Outcome
measures studied in this thesis are outlined in Box 1. The Hemophilia Joint Health
Score (HJHS) is a physical examination of the joints and the (paediatric) Haemophilia
Activities List (pedHAL and HAL) are patient reported outcome measures (PROMs) about
limitations in activities and participation. All outcome measures were recommended
for both clinical use and research goals [11].

Disease -
haemophilia

HAL/
pedHAL
HJHS "
pedHAL
Body structure .. L
and function Activity +«——| Participation

! l

Environmental Personal
factors factors

Figure 1. International Classification of Functioning and Health (ICF) model, with domain-related out-
come measures (in black: outcome measures within the scope of this thesis; in grey: outcome measures
beyond the scope of this thesis). COPM, Canadian Occupational Performance Measure; FISH, Functional
Independence Score in Hemophilia; HAEMO-Qol-A, hemophilia-specific quality-of-life questionnaire for
adults; HAL, Haemophilia Activities List; HIHS, Hemophilia Joint Health Score; MRI, magnetic resonance
imaging; PedHAL, peadiatric Haemophilia Activities List; PROBE, Patient-Reported Outcomes, Burdens
and Experiences; SF-36, 36-Item Short Form Survey Instrument; US, ultrasound. Adapted from: Srivas-
tava A, Santagostino E, Dougall A et al. WFH Guidelines for the Management of Hemophilia, 3rd edition.
Haemophilia 2020 Aug;26 Suppl 6:1-158.
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Box 1. Outline of the Hemophilia Joint Health Score (HJHS), peadiatric Haemophila Activities List
(pedHAL) and Haemophilia Activities List (HAL)

HJHS + Physical examination of both elbows, knees and ankles

[1112] + 9items: swelling, duration swelling, muscle atrophy, crepitus on motion, flexion loss,
extension loss, joint pain, strength, global gait
HJHS total score (0 - 124)
30-60 minutes

pedHAL - 53items

[13] + 7 domains: sitting/kneeling/standing, functions of the legs, functions of the arms,
use of transportation, self-care, household tasks, leisure activities and sports
Sum and domain scores (0 - 100)

10 minutes

HAL + 42 items

[14,15] -7 domains: lying down/sitting/kneeling/standing, functions of the legs, functions
of the arms, use of transportation, self-care, household tasks, leisure activities and
sports

Scores (0 - 100): sum, upper extremity component, basic lower extremity com-
ponent, complex lower extremity component
10 minutes

PSYCHOMETRICS

Appropriate outcome assessment is essential in medicine and measurement properties
of existing measurement instruments should be known by caregivers and researchers
for adequate interpretation of outcomes. Because many synonyms are used in
psychometrics, measurement properties in this thesis were defined according the
COnsensus-based Standards for the selection of health Measurement INstruments
(COSMIN) taxonomy (Box 2) [16]. Some important measurement properties of
traditionally used legacy instruments in haemophilia care were not established, such
as the reliability and responsiveness of the HJHS and HAL [17,18].

Box 2. Definitions of measurement properties according the COSMIN taxonomy

Reliability The degree to which the measurement is free from measurement error.

Validity The degree to which an outcome measure measures the construct it purports
to measure.

Responsiveness The ability of an outcome measure to detect change over time in the construct

to be measured.

Interpretability? The degree to which one can assign qualitative meaning—that is, clinical or
commonly understood connotations—to an instrument’s quantitative scores
or change in scores.

*Interpretability is not considered a measurement property, but an important characteristic of a measurement
instrument

10
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Most legacy instruments like the HJHS, pedHAL and HAL were developed according
the Classical Test Theory (CTT). CTT has the disadvantage that all items need to be
answered by every patient, resulting in lengthy questionnaires including patient-
irrelevant items. In contrast, in ltem Response Theory (IRT) it is not necessary to answer
all items of the outcome measure. This is applied in Computer Adaptive Testing (CAT),
where selection of the next item depends on the response on the earlier items. This
lowers the burden of outcome assessment by a smaller number but more relevant
questions, while increasing measurement precision [19]. A promising way of outcome
assessment based on IRT is Patient Reported Outcomes Measurement Information
System (PROMIS). PROMIS is a set of universal, person-centered measures about
physical, mental, and social health in adults and children [20]. The feasibility and validity
of PROMIS is not yet studied for PWH.

OUTLINE OF THESIS

The general aim of this thesis is to optimize outcome assessment of functions, activities
and participation in PWH in two ways:
Improving the interpretation of legacy instruments;
Reducing the time-investment of completing outcome assessment for PWH,
caregivers and researchers.

HJHS

In order to recommend the optimal frequency of HJHS assessment, in Chapter 2 we
evaluate changes in joint health in adult PWH over a 5- to 10- year period as measured
by the HJHS. Chapter 3 is our first step to develop a shorter and/or more convenient
version of the HJHS for the measurement of joint function in children and young adults
(aged 4-30 years) with haemophilia, by combining real-life data (n=499) and expert
opinion.

pedHAL

In Chapter 4 we explore the optimal frequency of administering the pedHAL, assess
child-parent agreement and identify which pedHAL domains yielded most information
in Dutch PWH. In Chapter 5 we evaluate which items of the pedHAL are redundant
to construct a shorter version of the pedHAL for the measurement of activities and
participation in children and youth with haemophilia, by pooling international data
(n=315).
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HAL

In Chapter 6 we evaluate the test-retest reliability and interpretability of the HAL.
Chapter 7 evaluates which items of the HAL are redundant to construct a shorter
version of the HAL for the measurement of activities and participation in adults with

haemophilia, by pooling international data.

PROMIS
As a next step to lower the burden of outcome assessment for PWH, caregivers and
researchers, in Chapter 8 we evaluate the feasibility, measurement properties and

relevance of PROMIS item banks.
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ABSTRACT

Introduction
Joint bleeds in patients with haemophilia may result in haemophilic arthropathy.
Monitoring joint health is essential for identifying early signs of deterioration and allow

timely adjustment of treatment.

Aim
The aim was to describe changes in joint health over 5-10 years follow-up and identify

factors associated with joint health deterioration in patients with haemophilia.

Methods

A post-hoc analysis was performed from previous cohort studies in patients with
moderate/severe haemophilia, =16 years. Joint health of ankles, knees and elbows
was measured with the Haemophilia Joint Health Score (HJHS) from 2006-2008 (T0) to
2011-2016 (T1). Analyses were performed on patient level (AHJHS-total) and joint level
(AHJHS-joint). Deterioration was defined as AHJHS-total >4 and AHJHS-joint >2.

Results

Sixty-two patients (median age 25, 73% severe haemophilia, median [interquartile
range] 0.0 [0.0;2.0] joint bleeds between TO-T1) were included. After median 8 years,
HJHS-total deteriorated in 37% and HJHS-joint in 17%. Ankle joints (31%) showed
deterioration more often than elbows (19%) and knees (3%). Deterioration of HJHS-
total was only associated with severe haemophilia. Deterioration of HJHS-joint was
weakly associated with a lower HJHS at baseline and more self-reported limitations in
activities, and strongly with more joint bleeds between TO-T1 and presence of synovitis.

Conclusion

In 37% of patients with moderate/severe haemophilia and low joint bleeding rates,
joint health deteriorated over 5-10 years. Ankle and elbow joints showed deterioration
most frequently. Factors found in the current study help to identify which joints need

frequent monitoring in patients with haemophilia with access to early prophylaxis.

20
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INTRODUCTION

Persons with haemophilia (PWH) experience intra-articular and intramuscular bleeding;
eventually joint bleeds may result in haemophilic arthropathy (HA) [1]. The mechanism
of HA is multifactorial; joint bleeds affect cartilage directly, as well as indirectly through
synovial inflammation [2]. HA leads to pain, loss of range of motion and muscle atrophy
resulting in loss of activities and restrictions in participation [1,3]. In the Netherlands
prophylactic clotting factor replacement therapy was introduced in 1968. This medical
treatment is proven to be effective: it prevents bleeds and subsequent arthropathy
[4,5].

Monitoring joint health is essential for identifying early signs of deterioration as it
enables adjustments in clotting factor replacement therapy, physical therapy, use of
walking aids or prescription of braces to limit further decline. Previous studies detected
no or minimal changes in joint health over the years measured with the radiologic
Pettersson score and World Federation of Hemophilia (WFH) physical examination
score in patients treated with prophylaxis [6,7]. However, early joint alterations remain
undetected on the Pettersson score as X-ray only shows osteochondral changes [8].
Furthermore, in a paediatric population the WFH physical examination score is less
sensitive than the Haemophilia Joint Health Score (HJHS), which is developed more
recently [9] and is the recommended tool for routine patient follow-up assessments of
joint health [10]. The WFH guidelines recommend annual use of the HJHS during regular
evaluations [1], although assessment must be performed by a trained physiotherapist
and is time consuming. Data on the occurrence and rate of deterioration in HJHS scores
in adults with low bleeding rates are lacking. Identifying patients and/or joints at risk
for deterioration may help individualize monitoring schedules and promote efficiency
without jeopardizing the quality of care.

Known factors related to joint health in haemophilia are severity of disease, use of
prophylactic clotting factor replacement, number of joint bleeds, radiological status,
synovitis and Body Mass Index (BMI) [1,2,4,11]. In addition, limitations in activities could
predict joint health deterioration, as demonstrated in patients with osteoarthritis [12].

The aim of this study was to describe changes in joint health over a five to ten years

follow-up and identify factors associated with joint health deterioration in adult patients
with moderate or severe haemophilia.

21
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MATERIALS AND METHODS

Study design and study population

This study was a post-hoc analysis using HJHS data collected for previous cohort studies
and data from medical files. Studies used for our post-hoc analysis reported the HJHS
in patients with moderate (1-5 1U/dL factor VII/IX activity) or severe (<1 IU/dL factor
VIII/IX activity) haemophilia treated at the Van Creveldkliniek in Utrecht. In this study we
included data of subjects with two HJHS measurements with an interval of at least five
years. For each subject the last available HJHS score was selected to get the follow-up
period as long as possible. Patients aged <16 years at first measurement were excluded.

Regardless of study participation, all patients visited the clinic at least annually, including
evaluation and documentation of treatment and bleeding. The HJHS at TO was derived
from the studies by Den Uijl et al. (2013, 2014) and Fischer et al. (2013) [13-15]. For the
follow-up measurement (T1) the HJHS was derived from the studies by Nijdam et al.
(2016) [16] and routine measurements documented in medical files. This resulted in a
data collection period from January 2006 - August 2008 (T0) up to November 2011 -
May 2016 (T1). These previous studies were approved by the Medical research ethics
committee (MREC) of the University Medical Centre Utrecht (06-248, 06-002, 11-442)
and informed consent included permission for subsequent analyses of joint outcome
data.

The potential factors self-reported limitations in activities (Haemophilia Activity List
[HAL]) and radiological status were obtained from Den Uijl et al. (2013), Den Uijl et al.
(2014) and Fischer et al. (2013) [13-15]. In addition, patient characteristics, severity of
disease, number of joint bleeds, use of prophylaxis, presence of synovitis and BMI were
extracted from patient logs and medical files.

Measurements

Outcome

The primary outcome was joint health of elbows, knees and ankles measured with the
HJHS 2.1, which consists of eight item scores on joint level and a global gait score. Scores
range from O to 20 per joint and the global gait score ranges from O to 4, resulting in a
HJHS-total score (0 to 124). A higher score indicates worse joint health [17]. In this study
the HJHS-total score and the HJHS-joint scores of the HJHS version 2.1 were reported.

22
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Scores of TO were measured with HJHS 1.0 and were converted to HJHS 2.1 by recoding

of original range of motion data according to the manual.

Since this tool was developed for detection of early joint changes the manual of the
HJHS does not prescribe how items have to be scored in case of joint replacement or
arthrodesis [17]. It was decided to score joints after joint replacement or arthrodesis
similar to joints without joint replacement or arthrodesis, and to correct for a history

of surgery in the statistical analyses.

Factors associated with joint health deterioration

Disease severity and medication use. Severity of disease was reported as moderate or
severe. The use of prophylactic clotting factor between TO and T1 was reported in four
categories: (1) no prophylaxis, (2) continuous prophylaxis, (3) non-compliant use of
prophylaxis (according to the notes in the medical file) and (4) change from prophylactic
clotting factors to on demand use or vice versa.

Joint bleeds. The number of joint bleeds between TO and T1 was reported per joint for
elbows, knees and ankles. Joint bleeds were defined as any complaint in elbows, knees
or ankles requiring treatment with clotting factor concentrate.

Joint status. Joint health at baseline (T0) was measured with the HJHS 2.1 [17]. The
radiological status of the joints at baseline (TO) was scored by means of the Pettersson
score [18]. Knees, elbows and ankles were evaluated with a maximum score of 13
points per joint. Higher scores reflect more severe arthropathy [18]. Pettersson scores
available within 2.5 years of TO measurement of the HJHS were included. For consistency,
all Pettersson scores were performed by two radiologists. The presence of synovitis
between TO to T1 was reported per joint. Synovitis was considered present when
documented in the patient file and treated according to the local synovitis protocol in
which synovitis is defined as a painless swelling and warmth of the joint on clinical exam.

Age, BMI and limitations in activities. Age in years was reported at baseline. BMI (kg/
m?) was calculated with the height and weight. Self-reported limitations in activities
at baseline (TO) were measured with the HAL [19,20]. The HAL is a validated 42-
item haemophilia-specific self-administered questionnaire assessing self-reported
limitations in activities in eight domains. Normalized scores range from 0 to 100, where

100 represents no limitations in activities [20].
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Patient characteristics
Type of disease (haemophilia A or B), regimen of prophylaxis, presence of Hepatitis C
Virus and/or Human immunaodeficiency virus and history of surgery (joint replacement

or arthrodesis) were reported as patient characteristics.

Statistical analyses

Descriptive results were presented as proportions or medians (interquartile ranges
[IQR]). Analyses were conducted on patient level (HJHS-total) and joint level (HJHS-joint).
To account for correlation of joint scores within patients, all analyses on joint level were
performed using multilevel models [21]. Change (A) scores between TO and T1 were
calculated for the HJHS-total score, HJHS-joint score and for the elbow, knee and ankle
joints separately (AHJHS = HJHS T1 - HJHS T0). Cut-off points for clinical relevant changes
were >|4| for the HJHS-total score and >|2| on joint level. Cut-off points were based
on expert opinion (KF, MT) and a published range of 0-3 points on the HJHS-total score
in young adults without haemophilia [22]. Differences in HJHS-total scores between
TO and T1 were tested by the non-parametric Wilcoxon signed-rank test. At joint level
differences in HJHS scores were tested with a univariate three-level regression including
the level measurement point, patient and joint.

Individual factors associated with AHJHS-total score were determined with univariate
linear regression analyses. Multicollinearity between the determinants was checked.
Subsequently, to determine factors associated with the AHJHS-total score a multivariate
linear regression analysis was performed. Determinants were selected stepwise
backward. Variables were removed if p>0.10.

Factors associated with AHJHS-joint score were determined with univariate and
multivariate two-level regression analyses, including adjustment for joint type
(elbow, knee or ankle). The best fitting model was chosen based on the lowest Akaike
Information Criterium (AIC) value [21]. All analyses for determining factors associated
with AHJHS were adjusted for time between HJHS measurement at TO and T1 and
history of joint surgery. Unstandardized 3 with 95% confidence intervals (95%-Cl) were
presented.

Sensitivity analyses were done with other cut-off scores (AHJHS-joint >| 3], AHJHS-total

>|6]) for HJHS changes. In addition, the multivariate two-level regression was performed
excluding the joints with a history of surgery.
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Multiple imputations were used to impute missing data in this study [23]. Ten imputed
data sets were created, which were analyzed separately. The results of the ten analyses

were combined with the Rubin’s rules [23].

SPSS version 22 (IBM Corp., Armonk, New York, USA) was used for the statistical

analyses.
RESULTS

Patients and joint characteristics

Sixty-two patients were included in this post-hoc analysis. Table 1 and 2 show the patient
and joint characteristics. Median age at baseline was 25.1 (mean age 28.4), ranging from
16 to 58 years. Forty-five patients had severe haemophilia. The follow-up period varied
from 5.1 to 10.1 years, with a median of 8.0 years. A total of 372 joints were measured,
including nine joints after total joint replacement or arthrodesis. About half of the joints
(47.8%) had >1 joint bleed between TO and T1. The percentage of joints with >1 joint
bleed and the median number of joint bleeds was highest for the ankle joints. Pettersson
scores and HAL scores were missing for respectively 45.2% (n=28) and 22.6% (n=14) of
the patients. Joint bleeds of the elbows and knees were missing in 3.2% (n=2) and of the
ankles in 4.8% (n=3) of the patients. Missing data were Missing at Random (MAR).

Table 1. Patient characteristics

Patient characteristics (n=62) Median (IQR), n (%)
Age (years) 25.1(20.8;33.4)
Body Mass Index (kg/m?) 24.0(22.3,;27.4)
Haemophilia A 56 (90.3)
Severe haemophilia 45(72.6)
Clotting factor
No prophylaxis 17 (27.4)
Continuous prophylaxis 23(37.1)
Non-compliant use of prophylaxis 14 (22.6)
Change prophylaxis to on demand or vice versa 8(12.9)
Frequency of prophylaxis per week 3.0(2.3;3.0)
Dose of prophylaxis, U 1000 (1000 ; 1000)
HCV-positive 12 (19.4)
HIV-positive 4(6.5)
History of joint surgery 6(9.7)

HCV = Hepatitis C Virus; HIV = Human immunodeficiency virus; HJHS = Haemophilia Joint Health Score.
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Table 2. Joint characteristics at baseline and during follow-up

Median (IQR), %

Elbow Knee Ankle Total
(n=124) (n=124) (n=124) (n=372)
Baseline characteristics
HJHS 0.0(0.0;2.0) 0.0(0.0;1.0) 1.0(0.0;3.0) 0.0(0.0;2.0)
HJHS-joint level score > 2 274 15.3 38.7 17.5
During follow-up (T0 - T1)
Joint bleeds 0.0(0.0;2.0) 0.0(0.0;1.0) 1.0(0.0;3.0) 0.0(0.0;2.0)
> 1 joint bleed 4572 41.9 56.5 47.8
Synovitis 4.0 2.4 3.2 3.2

Before and during follow-up period

History of joint surgery 0.8 1.6 4.8 2.4

HJHS = Haemophilia Joint Health Score.

Change in HJHS

Changes in HJHS-total scores (AHJHS >|41) and HJHS-joint scores (AHJHS >|2]) are shown
in Figure 1. HJHS-total score increased significantly (p<0.001) from a median of 8.5 (IQR
3.8;14.8) at TO to 11.0 (IQR 4.0;19.0) at T1. In 37.1% (n=23) of the patients the HJHS-total
score increased by a minimum 4 points over time. HJHS-joint score remained stable with
median scores of 0.0 (IQR 0.0;2.0) at TO to 0.0 (IQR 0.0;3.0) at T1. In 17.5% (n=65) of the
joints the HJHS-joint score deteriorated by a minimum of 2 points. Ankle joints (30.6%)
showed deterioration more often than the elbows (18.5%) and knees (3.2%). The HJHS
scores for knee joints did not change significantly from TO to T1 (3.2% deterioration,
p=0.060). Improvement of joint health was found in a small proportion of the patients
and joints (9,7% and 8,3%, respectively). Sensitivity analyses with higher cut-off scores
(AHJHS-total >|6| and AHJHS-joint >|3]|) showed higher rates of joints which stayed
constant during follow-up (HJHS-total 66.1%, elbow 86.3%, knee 92.7% and ankle 71.8%).
Ankle and elbow joints deteriorated more often.

In addition, a flow chart (Figure 2) was made to show the follow-up of joints without joint
impairment at baseline. Of the joints without impairment (HJHS-joint <1) at baseline,
with <1 joint bleed and no synovitis during follow-up, 91.9% of the joints maintained
HJHS-joint scores <1 at T1.
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I Improvement

Deterioration

E Constant

Total (n=62) Elbow (n=124)  Knee (n=124)  Ankle (n=124)

Figure 1. Change of HJHS-total score and joint scores. AHJHS-total score deterioration > 4; improve-

ment > -4; constant from -3 to 3. AHJHS-joint score deterioration > 2; improvement > -2; constant from
-1to1.%=3.2%.

IMPAIRED JOINTS AT
FOLLOW-UP
(HJHS JOINT SCORE > 1)

12 (24.5%)

NON-IMPAIRED JOINTS

49 (94.2%)

AT BASELINE 37 (75.5%)
(HJHS JOINT SCORE < 1) -
262 (73.2%

192 (91.9%)

210 (80.2%)

209 (99.5%)

Figure 2. Observed development of HJHS-joint scores in non-impaired joints, stratified by reported

joint bleeds (> 1) and presence of synovitis during a five to ten year follow-up. + present; - absent.
Complete case analysis for joints.
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Factors associated with joint health deterioration

Multicollinearity was found between radiological status and joint health at baseline.
Since joint health is more often available in daily care, joint health at baseline was
included in the multivariate analyses. Use of prophylaxis correlated with severity of
disease. Because use of prophylaxis correlated most with the other factors, this factor

was not included in the multivariate analyses.

Factors associated with overall change in joint health over time

Univariate linear regression analyses resulted in two factors significantly associated
with AHJHS; severity of disease and total number of joint bleeds between TO-T1. In the
multivariate linear regression model severe haemophilia was the only factor associated
with joint health deterioration (3 [95%-Cl]: 4.60 [1.07;8.13], p=0.011). The univariate and
multivariate linear regression models studying the potential factors associated with

AHJHS-total score are presented in the Supplementary material.

Factors associated with change in joint health on joint level over time

The multivariate two-level regression models of factors associated with AHJHS-joint
score are presented in Table 3, data on the univariate two-level regression models
are shown in Supplementary material. Univariate two-level regression analyses
resulted in six factors significantly associated with AHJHS; severity of disease, joint
health at baseline, limitations in activities, joint type , number of joint bleeds and
presence of synovitis. In the multivariate two-level regression analyses six factors
were independently associated with deterioration of HJHS-joint; better joint health
at baseline, lower BMI, more limitations in activities, joint type, higher number of joint
bleeds and presence of synovitis. The association between AHJHS and time between
TO and T1 was not significant (p=0.179), signifying that follow-up times of five or ten
years did not influence the HJHS scores. Random slopes for the variables number of
joint bleeds and joint health at baseline were added, which improved the model fit.

The sensitivity analysis of the multivariate two-level regression model excluding the
joints with a history of joint surgery yielded similar results.
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Table 3. Multivariate two-level regression model for A Haemophilia Joint Health Score (HJHS) at joint level

Potential factors B (95%-Cl) p-value

Baseline characteristics

Severe haemophilia (compared to moderate) — —

Joint health (per point) -0.31(-0.45;-0.18) <0.001
Age (per year) — —

Body Mass Index (per kg/m?) -0.05(-0.11; +0.01) 0.093
Limitations in activities (HAL, per point) -0.04 (-0.07;-0.02) <0.001

Joint type (knee = reference)

Elbow 0.54(+0.12; +0.97) 0.012
Ankle 1.23(+0.79; +1.66) <0.001

During follow-up (TO - T1)

Joint bleeds (per bleed) 0.21 (+0.10; +0.33) <0.001
Presence of synovitis 1.78 (+0.54; +3.01) 0.005

Parameters used for adjustment of the model

Time between HJHS measurement (per year) -0.13(-0.28 ; +0.03) 0.112
History of joint surgery 119 (-0.54; +2.91) 0.179
DISCUSSION

This study describes changes in joint health in PWH over a five to ten years period as
measured by the HJHS. After a median of 8.0 years HJHS scores decreased in 37.1% of
patients (>4 points) and in 17.5% of joints (>2 points). Deterioration was most prevalent
in ankle joints (30.6%). The majority (91.9%) of joints without impairment at baseline,
with <1 joint bleed and no synovitis during follow-up showed no deterioration during
five to ten years follow-up.

Both on HJHS-total and HJHS-joint level factors associated with change in joint health
were identified. Patients with severe haemophilia were more likely to show deterioration
on the HJHS-total score than patients with moderate haemophilia. No other factors
were associated with deterioration of the HJHS-total score. At joint level, the presence
of synovitis, joint type and increased joint bleeds were the most important factors
associated with deterioration. This information may be used to determine which joints
need more frequent monitoring.
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Internal and external validity

Results of the present study depend on both the population included and psychometric
properties of the HJHS, which have not been widely investigated for adult PWH. The
majority of the study population had very limited joint changes and low bleeding rates
(median number of joint bleeds 0.0/joint [IQR 0.0;2.0] during follow up of median 8
years) due to access to early prophylaxis. This is the population that the HJHS was
designed for, but limits representativeness of these findings in settings with more
prevalent arthropathy and/or higher bleeding rates.

In this study several patients had undergone joint surgery. Currently the HJHS manual
does not give directions on how to score joints after surgery. Since the HJHS is
recommended for adult patients nowadays, agreement among health professionals
and researchers about scoring of joints in patients after joint surgery is needed. Given
the uncertainty how to scores these joint, we performed a sensitivity analysis, which
showed similar results.

For this longitudinal study with limited change rates adequate responsiveness of the
HJHS is essential. Currently, information on responsiveness is still insufficient but
the evidence regarding responsiveness is emerging. The HJHS was able to measure
improvement in joint status three months after radiosynovectomy [24] and was able
to distinguish between severe and non-severe haemophilia and different treatment
groups [9,13,16,25]. In the current study, sensitivity analysis of the cut-off scores for
changes of the HJHS showed that higher cut-off scores resulted in more joints which
are indicated as stable joints.

Finally, in the present study HJHS assessments were performed by two physical
therapists who were experienced with the HJHS and trained together to calibrate HJHS

assessment.

While most studies analyze joint health at patient level, we focused on both patient
and joint level. Since most joints were unaffected, HJHS sum scores were low. Analyses
at joint level gave more specific information about joint conditions. The more direct
association of joint specific factors on joint health may explain why at total and joint
level different factors were associated with HJHS changes.
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Comparison with other studies

In the current study most patients showed minimal HJHS changes over time. This
is in line with the minimal changes in joint health measured with the WFH physical
examination score and radiologic Pettersson score in previous reports on young adults
in Sweden and the Netherlands, who also have access to early prophylaxis [6,7].

The observation that the ankle was the most affected joint in the current study is in
accordance with earlier observations [26]. It is hypothesized that physical abilities and
activity levels of PWH increased after the institution of early prophylactic replacement
therapy. The increased participation in sports and activities could have resulted in
higher impact on ankle joints and thus a higher bleeding frequency in ankles compared
to knees and elbows [26]. The number of bleeds at joint level during 8 years of follow-up
was very low and only ankles, knees and elbows were considered. Overall joint bleed
rates were not calculated and cannot be compared with other studies.

Clinical implications and future research

Results suggest that not all patients need high frequent monitoring of all six joints by
means of a complete HJHS. Time was not associated with joint health deterioration
during a follow-up of five to ten years. This implicates that monitoring all six joints
every five years in PWH on long-term prophylaxis with low bleeding rates seems to be
a safe interval when there are no reported bleeds or synovitis. However, less frequent
monitoring of joints will only be safe in the presence of reliable and timely bleeding
reporting. Particularly joints suffering from repeated bleeding and/or synovitis are at
risk for deterioration and should be closely and frequently monitored. The 3 factors
‘better joint health at baseline’, ‘lower BMI" and ‘more self- reported limitations in
activities’ were of minor interest for clinical practice because of small coefficients. In
the absence of data on the optimum interval for monitoring joint health following
synovitis and/or frequent bleeding, we suggest to follow the WFH guidelines and
recommend monitoring these joints at least annually. Less frequent monitoring of
joints without bleeding/synovitis saves time that can be used for efficient care in acute
situations in PWH, especially by physical therapists. For more exact determination of the
optimum interval, we suggest a study including more frequent measurements in this
patient group. Although systematic and repeated joint health assessment by a trained
physiotherapist does not directly improve joint health, it allows for early detection of
changes and therefore adaptation of prophylactic treatment initiation of physiotherapy
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treatment. Moreover, confronting PWH with joint changes may promote adherence to
prophylaxis [27].

CONCLUSION

Joint health deteriorated over 5-10 years in 37.1% of the patients with moderate or
severe haemophilia and low joint bleeding rates. Ankle and elbow joints showed
deterioration most frequently. Deterioration in joint health was associated with joint
type, increased joint bleeding and presence of synovitis. Joints without impairment that
suffered <1 joint bleed and no synovitis during follow-up remained healthy during five to
ten years follow-up. Monitoring all six joints every five years seems to be a safe interval
when there are no reported bleeds or synovitis in PWH with access to early prophylaxis.
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ABSTRACT

Introduction
The Hemophilia Joint Health Score (HJHS) was developed to detect early changes in joint
health in children and adolescents with haemophilia. The HJHS is considered by some

to be too time consuming for clinical use and this may limit broad adoption.

Aim
This study was a first step to develop a shorter and/or more convenient version of
the HJHS for the measurement of joint function in children and young adults with

haemophilia, by combining real-life data and expert opinion.

Methods

A cross-sectional multicenter secondary analysis on pooled data of published studies
using the HJHS (0-124, optimum score 0) in persons with haemophilia A/B aged 4-30
was performed. Least informative items, scoring options and/or joints were identified.
An expert group of 19 international multidisciplinary experts evaluated the results and
voted on suggestions for adaptations in a structured meeting (consensus set at >80%).

Results

Original data on 499 persons with haemophilia from 7 studies were evaluated. Median
age was 15.0 years [range 4.0-29.9], 83.2% had severe haemophilia and 61.5% received
prophylaxis. Median (IQR) HJHS total was 6.0 (1.0-17.0). The items ‘duration swelling’ and
‘crepitus’ were identified as clinically less informative and appointed as candidates for

reduction.

Conclusion

Analysis of 499 children and young adults with haemophilia showed that the HJHS is
able to discriminate between children and adults and different treatment regimens.
Reduction of the items ‘duration swelling’” and ‘crepitus’ resulted in the HJHS_

which had the same discriminative ability. Additional steps are needed to achieve a
substantially shorter HJHS assessment.
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INTRODUCTION

Musculoskeletal assessment is an important component of the comprehensive care
program for persons with haemophilia (PWH) [1]. The Hemophilia Joint Health Score
(HJHS) is recommended to evaluate joint health in clinical care and research [2]. The
HJHS 1.0 was developed in 2003 and further developed in versions 2.0 and 2.1 by the
International Prophylaxis Study Group (IPSG) Musculoskeletal Health Expert Working
Group (EWG) for detection of early joint changes in children and youth with haemophilia
[3,4]. Also in adolescents the HJHS is a feasible and reliable tool [5].

HJHS assessment including scoring takes approximately 45-60 minutes per patient,
which has been felt, by some, to be impractical and infeasible, especially in a busy
clinical setting. Therefore, there is a demand for a shorter version of the HJHS for clinical
practice and time limited settings. With more studies using the HJHS being conducted
internationally over the last 15 years, there is an opportunity to determine which items,
scoring options and joints are universally important for different patient populations.

This study was a first step to develop a shorter and/or more convenient version of the
HJHS for the measurement of joint function in children and young adults (aged 4-30
years) with haemophilia, by combining real-life data and expert opinion.

MATERIALS AND METHODS

This study was a multicenter secondary analysis of pooled data of published studies
using the HJHS. After statistical analyses of the pooled data, results of this study were
discussed and suggestions for adaptations were formally voted on, in an international
expert meeting on October 3, 2019 in Utrecht (The Netherlands). This blended
methodology was chosen since no criterion standard for the construct ‘joint health’
is available. In addition, consensus between HJHS developers, users and investigators
is needed for adaptations of the HJHS, as well as implementation of recommended
adaptations.

The Medical Research Ethical Committee (MREC) of the University Medical Center
Utrecht reviewed and approved the study (17-499/C).
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Pooling of published HJHS data

A literature search identified 48 studies published between 2006-2019, which used
either the HJHS 1.0, HJHS 2.0 or HJHS 2.1 in PWH. Forty-three of these studies had
unique data. Inclusion criteria were PWH A (FVIII) or B (FIX) of all severities, aged 4-30
years. PWH were excluded if there were fewer than 5 complete items or fewer than
4 complete joints on the HJHS assessment. First, studies with <20 eligible PWH (n=9),
without full text papers (n=1) or without HJHS data for all joints (n=5) were excluded.
The first validation study of the HJHS was also excluded [4]. Second, of the remaining
27 studies, the authors (IK, JN, BF, KF) selected studies to create a heterogeneous mix
of PWH from different countries and treatment regimens, taking into account existing
collaborations with authors of the studies like the IPSG Musculoskeletal Health EWG
members. A sample size of 500 has been recommended for this sort of work [6].

Authors of 16 papers were invited to share the original HJHS data (with scores on the
item level) and patient characteristics. Two authors declined the invitation because
HJHS item scores were unavailable. Seven authors did not reply to our request to share
the data. Eventually, data of all children (4-17 years) and young adults (18-30 years)
from seven remaining studies were included in the analysis [7-13]. One study used
HJHS version 1.0 [8], one study used HJHS version 2.0 [7] and the other studies used
HJHS version 2.1 [9-13].

Measurements

Patient characteristics collected for the included datasets were age at HJHS assessment,
type of haemophilia (A or B), severity of the disease (mild [factor 0.06 IU/ml-0.40 [U/ml],
moderate [factor 0.01 IU/ml- 0.05 IU/ml] or severe [factor <0.01 IU/ml]), clotting factor
regimens (prophylaxis yes/no and start prophylaxis before age of 3 years yes/no) and
current inhibitor status for each individual patient.

HIHS

The HJHS 2.1 is the most recent version and consists of assessments of swelling (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 strength (0-4) for elbows, knees and
ankles and a global gait score (0-4). Scores range from 0 to 20 per joint and the global
gait score ranges from 0 to 4, resulting in a total HJHS score from 0 to 124 points [14]. A
higher score indicates worse joint health. Scores of version HJHS 1.0 were converted to
HJHS 2.1 by recoding of the original data for the items flexion loss, extension loss and
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gait (per joint) and deleting of the items axial alignment and instability. For datasets of

version HJHS 2.0 and HJHS 2.1 scores on ‘flexion loss’ and ‘extension loss’ were copied.

Statistical analyses

Patient characteristics were presented as proportions or medians (interquartile ranges
[IQR:P25-P75]). Descriptive analyses (median [IQR], proportions of score categories)
were performed for the HJHS total scores and joint scores. HJHS scores were compared
for two age groups (children [4-17 years] vs. adults [18-30 years]) and two different
treatment regimens, defined as less intensive treatment (Romania, Pakistan, Lithuania,
Brazil, USA) vs. intensive treatment (the Netherlands, UK, Canada) according to access
to (early) prophylaxis (see Table 1).

To identify redundant items the following aspects were evaluated.

1. Inter-item correlations were evaluated. Inter-item correlations calculated with
Spearman’s rho <0.2 indicated items which do not correlate with any of the others
and >0.9 indicated item redundancy [15].

2. Component loadings on exploratory factor analyses were evaluated. Factor loadings
<0.5 were considered indicators of item redundancy [15]. Model fit was evaluated
with the Root Mean Square Error of Approximation [RMSEA].

3. Internal consistency calculated with Cronbach’s a and internal consistency after item
deletion were evaluated on joint level. Cronbach’s a should be between 0.7- 0.9; a
higher Cronbach'’s a after item deletion was considered a reason to eliminate an
item [15]. Global gait was included for the knees and ankles.

4. ltem-total correlations for total joint scores were evaluated. ltem-total correlations
calculated with Spearman’s rho <0.3 were indicators for an item that did not
contribute to measurement of the construct [15].

5. Proportions of zero and maximum scores on HJHS items were analyzed for each joint
(elbow, knee, ankle) to detect floor- and ceiling effects (=85% zero or maximum scores
on items) [4,15], in two age groups (children vs. adults) and two different treatment
regimens, defined as less intensive treatment (Romania, Pakistan, Lithuania, Brazil,
USA) vs. intensive treatment (the Netherlands, UK, Canada).

After item deletion a shortened HJHS total score (HJHS was calculated. To evaluate

the ability to discriminate between various patient groups, median HJHS total scores

(HJHS, , and HJHS

short)

were calculated for children vs. adults and PWH receiving less

full Short)
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intensive treatment vs. intensive treatment. In addition, proportions of PWH with
affected joints were calculated with a cut-off point of >4 score for HJHS,  and >3 score
for HJHS

crepitus and flexion loss [16].

full
as HJHS scores up to 3 were shown in healthy subjects based on the items

short!

For the comparison of the HJHS,  and HIHS_, |, scores were normalized from 0 to 100.

Spearman’s correlations, two-way mixed consistency Intraclass Correlation Coefficient

short/

(ICC) and Limits of Agreement (LoA) were calculated with the normalized scores.

To identify which scoring options were scored, endorsement for all scoring options
for each item (% of options) was evaluated. To identify which joints were affected,
descriptive analyses on joint level were performed.

Expert meeting

Nineteen international experts participated in the 1-day expert meeting. A purposive
sample of members of the IPSG Musculoskeletal Health EWG, experienced users of the
HJHS and investigators of the included studies was selected. The expert group included
eight physicians and eleven physical therapists. The expert meeting started with a
presentation of the analysis of the pooled data and published literature on the HJHS
scoring system [17], crepitus in healthy subjects [16,18] and HJHS use for monitoring
joint changes [19]. This was followed by three structured discussion sessions about
the topics: item reduction, scoring options and number of joints assessed in the HJHS.
Each discussion included five steps: presentation of results of the pooled data and
statements for voting; questions for clarification of the results; first voting; discussion;
final voting. Experts voted anonymously with the online tool Mentimeter.com. Results
of each vote were shown to the experts when all experts completed the vote on a
statement. If at least 80% of the experts agreed, consensus was reached about a
statement. BF moderated the discussion sessions.

RESULTS

Patient characteristics

In the seven studies, 499 PWH A or B (children [n=325]; young adults [n=174]) were
included. Four PWH were excluded because they had <5 completed items or <4
completed joints assessed on the HJHS. The data are from Romania, the Netherlands,
United Kingdom, Pakistan, Lithuania, Brazil, Canada and the United States. Patient
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characteristics according to age and treatment intensity are shown in Table 1. Median
age at the time of HJHS assessment was 15.0 years (IQR 10.4-21.3, range 4.0-29.9). Most
PWH had severe haemophilia (n=415, 83.2%). More than half of the PWH (n=307, 61.5%)
used prophylaxis and 38.1% of these PWH had received early prophylaxis. Seventeen
PWH (3%) had an inhibitor at HJHS assessment.

For the data from Pakistan about treatment regimen and from the United States

about start of prophylaxis assumptions were made, after contact with the authors

and published patient characteristics.

Table 1. Patient characteristics

Intensive treatment

(n=220)

Less intensive
treatment (n=279)

n=183

n=142

Age (years), median (IQR)

Haemophilia severity, %

11.6(8.9-14.7)

11.8 (9.0-15.0)

Children Mild 0 2.8
(n=275) Moderate 8.2 19.0
Severe 91.8 78.2
Prophylaxis, % 923 331
Early prophylaxis (<3 years) / 67.8° 26.1°
prophylaxis, %
n=37 n=137
Age (years), median (IQR) 24.6(20.9-27.2) 23.8(20.9-26.8)
Haemophilia severity, %
Adults Mild 0 7.3
(n=174) Moderate 0 20.4
Severe 100 72.3
Prophylaxis, % 81.1 44.5
Early prophylaxis (<3 years)/ 14.3 0

prophylaxis, %

#Missing n=20; ®missing n=1.

HJHS total and joint scores
The median (IQR) HJHS total score was 6.0 (1.0-17.0), with a range of 0-63. Twenty-one
percent of the PWH had a total score of O (children 26%; young adults 10%). Young adults
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had higher HJHS scores (11.5 [4.0-23.0]) than children (5.0 [0.0-12.0]). PWH receiving less
intensive treatment showed higher HJHS scores (12.0 [5.0-26.0]) than PWH receiving
intensive treatment (2.0 [0.0-7.0]). The ankles were the most affected joints, followed

by the knees and elbows (see Figure 1).

Discussion session 1: HJHS items

Figure 2 shows the process of discussion session 1 from the statistical analyses of the
pooled data up to the validation of the HJHS,_ .
Selection of itemns eligible for item reduction

Reduction in item number was the first technique explored to reduce the time needed

for HJHS assessment.

Inter-item correlations suggested no items were eligible for item reduction, since items
did not show correlations >0.9 or <0.2. Swelling" and ‘duration swelling’ showed the
strongest correlation (r = 0.78-0.80) for elbows, knees and ankles.

The exploratory factor analyses suggested no items were eligible for item reduction.
A 3-factor model was selected which included all HJHS items of the elbows, knees and
ankles. Three factors were identified, namely elbows, knees and ankles. The model fit
of the 3-factor model was good (RMSEA = 0.05). The highest factor loading for each
item was >0.5. In addition, each joint was analyzed separately using 1-factor models.
The model fits of the 1-factor models were moderate (RMSEA = 0.07-0.08). For all items

the factor loadings were >0.5.

The internal consistency analyses suggested no items were eligible for item reduction.
HJHS items were strongly related (Cronbach’s a = 0.78-0.87) without a distinct increase
in Cronbach’s a after item deletion of separate items, except from item deletion of
global gait in the knee joint.
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HJHS joint scores for all PWH (n=499). HJHS joint scores >10: 2% for the elbow, 1% for the ankle
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In addition, item-total correlations showed high correlations (r = 0.37-0.69), thus

identifying no candidates for item reduction.

Proportions of zero scores on HJHS items were analyzed in four groups stratified by
age and treatment intensity. The proportions of zero scores were highest for ‘duration
swelling’ (varying from 78 to 98% for the different joints) and lowest for ‘global gait’ (35-
64%). The other items had proportions of zero scores of 63-99%. Proportions of zero

scores were higher in children and more intensively treated PWH.

Proportions of zero scores are shown in Table 2. Detailed data of the 3-factor exploratory
factor analysis and 1-factor exploratory analyses are shown in the Supplementary

material.

Expertvoting 1

The results of the voting are shown in Table 3. The experts reached consensus that
‘duration swelling’ (95%) and ‘crepitus’ (95%) are redundant items. Experts discussed
the reliability of the item ‘duration swelling’ and the potential impact of recall bias on
reliability, considering this is part of the clinical history rather than physical examination
of the joint. For ‘crepitus’ an important argument for dropping it was that crepitus is also
reported frequently in healthy people [16,18]. The items considered as most important
were swelling (100%: important), extension loss (100%), strength (95%) and global gait
(84%). In addition, the experts discussed the item ‘global gait: whether it should be part
of the HJHS as a tool assessing structure and function, or whether ‘global gait’ should

be scored separately.

Validation of HIHS
An HJHS
106). Abnormal HJHS joint scores based on ‘crepitus’ only were observed infrequently

short
o Was Created by deletion of the items ‘duration swelling’ and ‘crepitus’ (0-
(elbows 1.0%; knees 3.6%; ankles 5.5%). Abnormal HJHS joint scores based on ‘duration
and the HJHS
proportions of affected joints are shown in Table 4. The proportions of affected joints
(HJHS,, 24 HIHS,  =3) were slightly higher for the HJHS HJHS

discriminate between children vs. adults and PWH with less intensive treatment vs.

swelling” only were not observed. HJHS total scores for the HJHS and

full short

was still able to

short” short

intensive treatment. The normalized HJHS, , and HJHS,, | correlated strongly in children

full

and adults (r=0.98) and in PWH with less (r = 0.99) and more intensive treatment
(r=0.97), with an ICC of 0.99 and LoA of -3.1 to 3.3 for the normalized scores.
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Table 2. Proportions of zero scores in PWH with intensive treatment vs. less intensive treatment and
children vs. adults

Intensive treatment Less intensive treatment
(n=220) (n=279)
Elbow Knee Ankle Elbow Knee Ankle
% zero scores n=183 n=142
Swelling 97 98 86 79 74 83
Duration swelling 98 98 92 87 85 91
Atrophy 97 95 90 79 66 75
. Crepitus 98 92 85 88 78 87
fnhilz';';e)" Flexion loss 95 9% 93 72 74 80
Extension loss 94 97 88 84 84 88
Pain 98 97 97 78 74 90
Strength 98 98 92 70 67 75
Global gait 64 35
% zero scores n=37 n=137
Swelling 99 95 92 86 77 72
Duration swelling 99 95 92 91 86 78
Atrophy 89 89 78 86 71 73
Crepitus 91 92 78 80 69 70
Adults ., ion loss 66 89 74 74 73 72
(n=174)
Extension loss 68 93 70 75 86 76
Pain 97 99 97 80 77 78
Strength 93 95 81 82 71 74
Global gait 57 40

In grey: <85% zero scores.

Table 3. Results of discussion session 1 aimed at identifying redundant HJHS items

Voting 1 Voting 2
Item Redundant, n (%) Redundant, n (%)
Swelling 0 (0) 0 (0)
Duration swelling 11 (58) 18 (95)
Atrophy 7(37) 8 (42)
Crepitus 13 (68) 18 (95)
Flexion loss 2011 7 (37)
Extension loss 0 (0) 0 (0)
Pain 8 (42) 12 (63)
Strength 6 (33)? 1(5)
Global gait 4 (21) 3 (16)

Question to experts: Is this item important or redundant? Answer options: important / redundant.
218 voters during first voting.
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Table 4. Comparison of the HJHS total score, after item deletion of ‘duration

swelling’ and ‘crepitus’

total score vs. the HJHS

full short

HJHS,  (0-124) HJHS_, . (0-106)
median (IQR) % a(f:i():ted median (IQR) % ag:;:ted
Intensive treatment (n=220) 2.0(0.0-7.0) 43.2 2.0(0.0-5.0) 44.5
Less intensive treatment (n=279) 12.0(5.0-26.0) 78.5 10.0 (4.0-22.0) 80.3
Children (n=325) 5.0(0.0-12.0) 55.7 4.0(0.0-10.0) 57.8
Adults (n=174) 11.5(4.0-23.0) 76.4 9.0 (3.0-20.0) 77.0

Proportions of PWH with affected joint were calculated with a cut-off point >4 for HJHS,  and >3 for HIHS_, .,
according HJHS scores from 0-3 shown in healthy subjects with scores on crepitus and flexion loss [16].

Discussion session 2: scoring options

Frequency of endorsement for scoring options

Reduction of the number of scoring options for each item may be another way to reduce
the time needed for HJHS assessment. Frequencies of endorsement for all scoring
options are shown in Table 5. All items except ‘duration swelling' and ‘global gait’ had

scoring options which were scored in <5% of the PWH.

Table 5. Distribution (%) of the scoring options of all HJHS items, for all PWH (n=499)

b0

£
c — 7]
o ] %]
g Z R 2
o _
) g s 2 3 c 3 g by
£ = s s s 2 < c c =
° o = - ) ] = = p o
2 & a g S T N g a T
0 854 905 82.8 84.1 819 85.8 87.5 82.8 489
1 9.4 9.5 143 12,5 95 7.7 9.8 1.4 15.4
2 4.7 2.9 3.4 4.5 3.4 2.7 2.9 137
3 0.4 4.0 3.0 1.8 8.7
4 1.1 13.3

In bold/italics: proportions <5%.

Expert voting 2
The results of the voting on scoring options are shown in the Supplementary material.
For ‘pain’ 79% of the experts voted that the scoring options could be reduced from three
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categories (no pain through active range of motion/no pain through active range; only pain
on gentle overpressure or palpation/pain through active range) to a binominal scoring. An
important argument against reduction of scoring options was that reducing the scoring
options would only result in a minor reduction of the duration of HJHS assessment.
It was decided that reduction of scoring options was not a feasible suggestion for
shortening HJHS assessment.

Discussion session 3: joints

Joints

Reduction of the number of joints which needs assessment may be another way to
reduce the time needed for HJHS assessment. The ankles were the most frequently
affected joints, followed by the knees and elbows (see Figure 1). Ankles were most
frequently affected in PWH on intensive treatment, while knees were most frequently
affected in PWH on less intensive treatment.

Expertvoting 3

The results of the voting on joints are shown in the Supplementary material, which
proposed measuring a reduced number of joints. During the discussion experts
suggested that screening of joints instead of a full HJHS assessment could be a way to
reduce time of HJHS assessment: ‘assess all joints that fail a screening examination of
medical/bleeding history and a physical examination’. However, a decision regarding
which items to screen and how was considered beyond the scope of this meeting.
Another topic discussed by the experts was that the most affected joint is not always
the joint which needs the most attention. The experts reached consensus (94%)
that for clinical practice a way to reduce assessment time is that only joints that fail
a screening examination should be assessed with the full HJHS. The experts did not
reached consensus (74%) about the statements for a research setting which proposed
measuring a reduced number of joints.

DISCUSSION

This study describes real-life HJHS data of 499 children and young adults with
different treatment regimens combined with international expert opinion as a first
step to develop a more convenient version of HJHS. The items ‘duration swelling’ and

‘crepitus’ were identified as candidates for item reduction. The resulting HJHS as

w
short
still able to discriminate between different ages and treatment regimens. Another way
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of shortening HJHS assessment for clinical practice suggested by the experts was a

screening examination to select joints which need full HJHS assessment.

Internal and external validity

This is the first study presenting HJHS data of 499 PWH from heterogeneous populations.
The results showed different patterns of HJHS scoring in children vs. young adults and
PWH with less intensive treatment vs. intensive treatment. We observed a wide variety
of scores (range HJHS total: 0-63) with only 21% of the persons achieving a HJHS total
score of 0 in this relatively young PWH with a wide range in treatment intensity. The
real-life data in the present study were representative for clinical use and research
purposes, while variation between raters was unavoidable in this study design. Some
items show more variability in scoring between raters which is a limitation of the HJHS,
despite the good overall interobserver reliability [20,21]. In absence of a cut-off score
for affected joints according the HJHS, a cut-off score was chosen above scores (0-3)
shown in healthy adults which was established in a single observer study [16].

In addition to the use of real-life data, international expert opinion of HJHS developers,
clinical HJHS users and investigators using the HJHS increased the clinical value of the
results. The experts who participated in the discussion sessions are representative
of HJHS developers, users and researchers. This blended approach was used to
compensate for the absence of a gold standard.

Comparison with other studies

According to the analyses of the pooled data, ‘crepitus’ was not a candidate for item
reduction. However, the experts voted that ‘crepitus’ could be regarded redundant
because crepitus is a sign which is also reported frequently (13-14%) for the knees in
healthy children and young adults [16,18]. Despite ‘flexion loss’ being reported in ankles
of healthy young adults (12%) [16] and ROM assessment is time consuming, only 37%
of the experts voted that this item was redundant and should be eliminated.

Furthermore, the experts voted that ‘duration swelling’ was redundant. According to
the analyses of the pooled data, ‘duration swelling’ was indeed a candidate for item
reduction based on the floor effects. An additional argument of the experts was
potential recall bias which could lower the reliability of this item. Although inter-observer
and test-retest reliability of this item were reported in two studies (ICG0.44-0.90)
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[20,21], these findings do not support the experts’ argument of recall bias since these
studies did not address the risk on recall bias over six months.

Clinical implications and future research

The items ‘duration swelling’ and ‘crepitus’ were identified as candidates for item
reduction. Dropping these two items will not lead to a substantial gain in time. Therefore,
itis relevant to search for further ways to achieve shorter joint assessment in clinical
practice. As suggested by the experts, a next step to explore is joint screening to select
the joints which need full assessment.

Besides shortening the HJHS to make joint assessment more feasible in routine clinical

practice, additional focus on standardization of items is needed.
CONCLUSION

This study in 499 PWH showed that the HJHS is able to discriminate between children
and adults and different treatment regimens. Based on expert (n=19) consensus,
which
had the same discriminative ability. To achieve a shorter joint assessment in clinical

reduction of the items ‘duration swelling’ and ‘crepitus’ resulted in the HJHS

short/

practice, joint screening to select the joints which need full assessment was suggested.
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SUPPLEMENTARY MATERIAL

Supplemental table 1. Factor analysis loadings of the three factor model

Items Factor 1- Elbow Factor 2 - Knee Factor 3 - Ankle
Elbow swelling 0.788 0.218 0.245
Elbow duration swelling 0.782 0.150 0.221
Elbow atrophy 0.830 0.308 0.113
Elbow crepitus 0.805 0.004 0.236
Elbow flexion loss 0.788 0.132 0.097
Elbow extension loss 0.824 0.073 0.121
Elbow pain 0.716 0.375 0.061
Elbow strength 0.768 0.487 -0.021
Knee swelling 0.221 0.886 0.190
Knee duration swelling 0.176 0.806 0.21
Knee atrophy 0.233 0.888 0.233
Knee crepitus 0.184 0.693 0.238
Knee flexion loss 0.143 0.786 0.072
Knee extension loss 0.110 0.826 0.059
Knee pain 0.189 0.915 0.022
Knee strength 0.254 0.947 0.029
Ankle swelling 0.081 0.071 0.905
Ankle duration swelling 0.130 0.035 0.873
Ankle atrophy 0.098 0.524 0.646
Ankle crepitus 0.079 -0.042 0.728
Ankle flexion loss 0.249 0177 0.514
Ankle extension loss 0.120 0.078 0.557
Ankle pain 0.132 0.371 0.632
Ankle strength 0.181 0.523 0.549

In bold: highest factor loadings for each item.
Root Mean Square Error of Approximation (RMSEA): 0.048
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Supplemental table 2. Factor analysis loadings of the one factor models of each joint separately

Items Elbow Knee Ankle
Swelling 0.867 0.945 0.844
Duration swelling 0.852 0.881 0.817
Atrophy 0.891 0.930 0.755
Crepitus 0.797 0.758 0.650
Flexion loss 0.790 0.799 0.616
Extension loss 0.812 0.835 0.584
Pain 0.794 0.925 0.779
Strength 0.858 0.970 0.786
Global gait 0.680 0.752

Supplemental table 3. Results of discussion session 2 regarding reduction of scoring options

Voting 1 Voting 2
Item Reduction, n (%) Reduction, n (%)
Swelling 8 (42) 10 (53)
Atrophy 12 (63) 11 (58)
Crepitus 18 (95) 19 (100)
Flexion loss 12 (63) 9 (47)
Extension loss 6 (32) 4 (21)
Pain 14 (74) 15 (79)
Strength 11 (58) 7 (37)
Global gait 3 (16) 6 (32)

Question to experts: Should we measure all scoring options? Answer options: No/Yes. Voting ‘No’ means
reduction of scoring options in some way.
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Supplemental table 4. Results of discussion session 3 about which joints to assess

Voting 1 Voting 2

Question n (%) n (%)
Is it necessary to measure VYes 9 (47) 9 (47)
all joints in clinical No 10 (53) 10 (53)
practice?

Full HJHS 1(6)
Isit ary t a
y I, rTeces?s r?’ 'o measure Screened, not necessarily a full 17 (94)
all joints in clinical HJHS
practice??

Limited number of joints

All joints 10 (53) 201

Only the most affected joint 9 (47)

Only the elbows
Which joint(s) should Only the knees
we measure in clinical Only the ankles
practice? Elbow and knee

Elbow and ankle

Knee and ankle

Joints that fail on screening 17 (89)
Is it necessary to measure VYes 16 (84) 14 (74)
all joints in a research No 3 (16) 5 (26)
setting?

All joints 15 (83) 14 (74)

Only the most affected joint 1(6) 2 (1)

Only the elbows
Which joint(s) should we ~ Only the knees
measure in a research Only the ankles
setting? " Elbow and knee

Elbow and ankle

Knee and ankle 2(11)

Joints that fail on screening 3 (16)

@18 voters during the voting.
18 voters during the first voting.
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ABSTRACT

Introduction
The Paediatric Haemophilia Activities List (pedHAL) assesses self-reported limitations
in activities and participation in children with haemophilia.

Aim
To assess longitudinal changes, child-parent agreement and to identify which pedHAL
domains yielded most information in boys with access to early prophylaxis.

Methods

The pedHAL (53 items, 7 domains, optimum 100) was completed annually at the Van
Creveldkliniek by boys aged 4-18 years with moderate/severe haemophilia and their
parents. Development of the pedHAL in relation to bleeds, changes per domain over 3-5
years, child-parent agreement (% difference child-parent<|5|) per domain and domain
scores (limitations defined as <95) were determined.

Results

Seventy-three patients and their parents (92% severe haemophilia, median age 13.1
years [range 5.4,18.0]) completed >1 pedHAL. Median (IQR) pedHAL sum score was
99.5 (95.2;100.0) for children and 99.6 (95.8;100.0) for parents. If patients scored >95
and had no joint and/or muscle bleed, 90.9% of the patients scored >95 at the next
assessment. The median change in sum score was 0.0 for both the 3- and 5-year
interval. Child-parent agreement varied between domains from 92% (‘self-care’) to 71%
(‘'sitting/kneeling/standing’). Most limitations were reported in the domains ‘sitting/
kneeling/standing’, ‘functions of the legs’ and 'leisure activities and sports’.

Conclusion

In routine clinical practice in Dutch children on prophylaxis pedHAL scores were high
and remained stable in 3-5 years at group level. In individual patients without joint and/
or muscle bleeds, pedHAL scores remained high after 1 year. Child-parent agreement
was not optimal which indicated that both child report and parent proxy should be
reported.
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INTRODUCTION

The Paediatric Haemophilia Activities List (pedHAL) assesses self-reported limitations
that children and youth with haemophilia (4-18 years) experience in various activities
[1]. The pedHAL measures activities and participation according to the International
Classification of Functioning, Disability and Health for Children and Youth (ICF-CY)
[2]. It was directly derived from the Haemophilia Activities List for adults [3,4] and
subsequently validated [1,5]. The pedHAL includes 53 items, distributed over seven
domains: ‘sitting/kneeling/standing’, ‘functions of the legs’, ‘functions of the arms’, ‘use
of transportation’, ‘self-care’, ‘household tasks’ and ‘leisure activities and sports’. The
pedHAL is recommended for both research purposes and clinical management of
individual patients [6].

Regular outcome assessment should be part of regular care. However, the optimal
frequency of measuring activities and participation is unknown. In addition, some
clinicians and researchers reported on items which seemed redundant and some
patients experienced the pedHAL as a long questionnaire. Vigorous testing should
follow development of a new outcome measure and is not yet performed for the
pedHAL. A pilot test in a small sample (n=32) was performed to describe the score
distributions, child-parent agreement, test-retest reproducibility and construct validity
of the pedHAL [1]. This first report showed disagreement between patients and their
parents in the domain of household tasks and ceiling effects in all pedHAL domains.
Field testing plays a role in defining a definitive version of the questionnaire with the
minimum number of meaningful items [7]. As a first step meaningful domains can be
explored.

In this field test in Dutch patients with access to early prophylaxis we explored the
optimal frequency of administering the pedHAL and assessed child-parent agreement.
In addition, we identified which pedHAL domains yielded most information in Dutch
patients.
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MATERIALS AND METHODS

Study design and study population

This study was a single-centre observational field test of the pedHAL. Since 2010,
completion of this list is part of the routine assessment of severe/moderate haemophilia
patients aged 4-18 treated at the Van Creveldkliniek in Utrecht, the Netherlands.
Children and their parents who completed >1 pedHAL during routine assessment were
included. For children aged 4-7 years only parents completed the pedHAL. All pedHAL
data collected between October 2010 and June 2017 were included, except for those
forms in which more than half of the items was missing.

All the data, including patient characteristics and joint and muscle bleeds, were obtained
from the electronic medical files. The Medical Research Ethical Committee (MREC) of
the University Medical Center Utrecht reviewed the study (protocol number 17-591/C).

Measurements

The pedHAL assesses self-reported limitations in activities and participation in children
and youth with haemophilia and their parents. It consists of 53 items, distributed over
seven domains, including a patient version (8-18 years) and parent version (4-18 years).
The pedHAL was administered as a paper questionnaire.

Patients score the items on a 6-point Likert scale (‘impossible’, ‘always’, ‘usually’,
‘sometimes’, ‘almost never’, ‘never’), with a ‘not applicable (N/A)' scoring option. Domain
scores and sum scores are converted to a normalized domain score ranging from 0
(worst possible functional abilities) to 100 (best possible functional abilities). If more
than half of the items of a domain were missing or scored ‘N/A’, no valid domain score
was calculated. If more than half of the items were missing or scored 'N/A, no valid total
score was calculated.

Patient characteristics analyzed included age at pedHAL assessment, type of
haemophilia (A or B), severity of the disease (moderate [factor VIII/IX activity 0.01-
0.05 IU/ml] or severe [factor VIII/IX activity <0.01 IU/ml]) and clotting factor regimens
(prophylaxis yes/no and age start prophylaxis), as well as the results of routine annual
Haemophilia Joint Health Score (HJHS, ) for elbows, knees and ankles (optimum total
score 0, worst 124 points) [8]. Joint and muscle bleeds documented by clinicians were
counted during the periods that pedHAL data were available.
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Statistical analyses

Patient characteristics were presented as proportions or medians (interquartile ranges
[IQR:P25;P75]). Descriptive analyses (median, IQR, range, mean and standard deviation
[SD]) were performed for the sum score for the most recently completed pedHAL by
patients and parents. Differences in age and HJHS total score for children with pedHAL
scores <95 points vs. pedHAL scores >95 points were tested with a Mann-Whitney U
test.

Change in pedHAL between the first and second pedHAL sum score (time between
pedHAL: 6-18 months) was shown for patients without limitations in activities and
participation (>95) and with/without joint and/or muscle bleeds. In addition, proportions
of scores which deteriorated by more than 5 points were evaluated after three (2.5-
3.5) and five (4.5-5.5) years of follow-up. The number of joint and/or muscle bleeds
were compared according deterioration of the pedHAL with descriptive analyses and
Mann-Whitney U-tests. On group level, change scores of the pedHAL sum and domain
scores (follow-up - baseline) were evaluated after three (2.5-3.5) and five (4.5-5.5)
years of follow-up. Wilcoxon signed-rank tests were used to test differences in scores
between baseline and follow-up. Because most data were available from questionnaires
completed by the parents, follow-up analyses were performed on the parent data.

Patient-parent agreement was evaluated per domain and for the sum score with
descriptive statistics due to non-normally distributed data. Scores were divided in
three categories (>95, 90-95 and <90 points) and for every category the numbers and
proportions of patients and parents were presented to show agreement in scores. In
addition, the proportion of the patients and parents with similar scores (difference child-
parent: <|5|) was assessed. Wilcoxon signed-rank tests were used to test differences
in scores between patients and parents [9].

Descriptive analyses (median, IQR, range, mean and standard deviation [SD]) were
performed per domain of the pedHAL for the most recently completed pedHAL by
patients and parents. Based on reported limits of agreement (LoA) of test-retest data
[1], limitations in activities and participation were defined as <95 points for domain
and sum scores.
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RESULTS

Patient characteristics and pedHAL sum scores

Seventy-three children with haemophilia A or B were included in this study. All eligible
patients have completed at least one pedHAL, except from one patient with severe
haemophilia and comorbidities that limited his capacity to complete the pedHAL. Patient
characteristics are shown in Table 1. Their median age at the time of completing the last
pedHAL was 13.1 years (range 5.4;18.0). Most patients had severe haemophilia (91.8%).
Median annual bleeding rate was 1.3 (range 0.0;4.8). The median age (IQR) of start with
prophylaxis of clotting factor was 1.9 (1.3;2.8) years. One of 67 severe haemophilia patients
had a positive inhibitor titre and received immune tolerance induction (ITl) without
prophylaxis with bypassing agents, and 19 were ex-inhibitor patients. None of the six
moderate haemophilia patients had a history of inhibitors. Joint health was excellent with a
median HJHS score of 0.0 points (range 0.0;11.0) at the time of completing the last pedHAL.

At the time of the last completed pedHAL, children had a median (IQR) sum score of
99.5 (95.2;100.0), and their parents had a median (IQR) sum score of 99.6 (95.8;100.0)
(Table 2). ‘Positive’ pedHAL sum scores (<95 points) were observed in a quarter of the
children (23.8%) and parents (23.3%). Age was similar between patients with pedHAL
scores <95 points and >95 points. HJHS scores were higher in patients with pedHAL
scores <95 points (median 2.0 [IQR: 0.0;4.0] vs median 0.0 [IQR: 0.0;1.0], P=0.044). All
patients with moderate haemophilia had a pedHAL sum score >95 points.

Table 1. Patient characteristics

Patient characteristics (n=73) Median (IQR) or n (%)
Age (years) 13.1(10.3;15.6)
Haemophilia A 64 (88)
Severe haemophilia 67 (92)
Annual bleeding rate? 1.3(0.8;2.5)
On prophylactic replacement therapy 68 (93)
Inhibitor

Current 1(1)

Former 19 (26)

Never 53(73)
HJHS total score (version 2.1) 0.0(0.0;2.0)

an =68 (with =1 pedHAL assessment)
Abbreviation: HJHS = Haemophilia Joint Health Score
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Changes of the PedHAL over time

Short term changes according to reported bleeds

90.9% of patients with a pedHAL sum score >95 at first assessment and no joint and/
or muscle bleeds during follow-up maintained a pedHAL sum score > 95 over median
(IQR) 1.0 (0.9-1.2) years (see Figure 1). The pedHAL sum score after 6-18 months for
the patient who had a pedHAL <95 in the absence of joint and/or muscle bleeds (n=1)
was 93.7; the median (IQR) pedHAL sum score after 6-18 months for the patients who
had a pedHAL <95 and reported joint and/or muscle bleeds (n=6) was 85.5 (74.3;93.0).

Changes over three years

Changes over three years were assessed in 49 parents. Median (IQR) age of the
children was 9.7 (7.0;12.1) at the first assessment. After three years pedHAL scores
deteriorated in 18.4%. There was a trend of more joint and/or muscle bleeds in children
with a deteriorated pedHAL score than in children without a deteriorated pedHAL score
(median number of joint and/or muscle bleeds [IQR] 7.0 [3.0-12.5] vs. 3.0 [2.0-6.0],
p=0.065). The median (IQR) sum scores were similar at baseline (100.0 [96.4;100.0])
and three years later (99.6 [94.9;100.0]): median (IQR) change sum score after three
year follow-up was 0.0 (-0.9;+0.9).

Table 2. Score distribution pedHAL per domain

Domain Children (n=63) Parents (n=73)

. . Score . . Score
Median (IQR) Min Max <05 (%) Median (IQR) Min Max <95 (%)

Sitting/kneeling/ 100 (94.0;100) 66.0 100 29 100 (96.0;,100) 56.0 100 22
standing

Functions of the 100 (94.5;100) 62.0 100 29 100 (96.4;,100) 14.6 100 23
legs

Functions of the 100 (96.0;100) 68.0 100 19 100 (100;100) 60.0 100 15
arms

Use of transport 100 (100.0;,100) 60.0 100 10 100 (100;100) 60.0 100 16
Self-care 100 (100.0;,100) 75.6 100 13 100 (100;100) 64.4 100 14
Household tasks 100 (100.0;,100) 60.0 100 14 100 (100;100) 60.0 100 13
Leisure activities 100 (96.4;100) 54.3 100 20 100 (95.1,100) 7.3 100 25
and sports

Sum score 99.5 (95.2;100) 76.3 100 24 99.6 (95.8;100) 49.6 100 23

Note: Descriptive analyses were performed according complete case analysis.
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Changes over five years

Changes over five years were assessed in 35 parents. Median (IQR) age of the children
was 9.3 (6.9;10.6) at the first assessment. After five years pedHAL scores deteriorated
in 14.3%. The number of joint and/or muscle bleeds was higher in children with a
deteriorated pedHAL score than in children without a deteriorated pedHAL score
(median number of joint and/or muscle bleeds [IQR] 5.0 [4.0-12.3] vs. 15.0 [8.0-24.5],
p=0.024). The median (IQR) sum scores were similar at baseline (100.0 [97.3;100.0])
and five years later (100.0 [98.8;100.0]): median (IQR) change sum score after five year
follow-up was 0.0 (-1.0;+0.9).

For all seven domains, median change scores were also 0.0 after three and five years.
Repeat analyses of the pedHAL scores completed by children yielded similar results.

pedHAL > 95 Joint and/or muscle bleeds pedHAL > 95
at baseline during follow-up after 6-18 months
e 2
. A n=10(90.9%)
§ J
0 n = 11 (26.8%) ) <
a B n=1(9.1%)
\ J
n =41 (70.7%)
e “
+
N n = 24 (80.0%)
51|  n=30(73.2%) - <
& B n = 6 (20.0%)
_ J

Total n = 58

Figure 1. Changes of pedHAL score within one year (6-18 months) of follow-up according to bleeding.
+ present; - absent
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Child-parent agreement

Table 3 shows descriptive analyses of agreement of the domain scores and sum score
of the pedHAL in 63 children and parents. At domain level, child-parent agreement
(difference child-parent <|5|) varied across domains: agreement was highest in the
domain ‘self-care’ (92%) and lowest in the domain ‘sitting/kneeling/standing’ (71%).
In addition, at domain level children and parents scored >95 points in 79% (‘sitting/
kneeling/standing’) to 98% (‘self-care’). For the sum score, child-parent agreement
(difference child-parent <|5|) was 81%. If children scored >95 points on the pedHAL,
parents scored >95 points in 96%.

Score distribution of the pedHAL domains

Table 2 shows the median (IQR) and the range of the domain scores and proportions
of sum and domain scores <95 points of the last completed pedHALs. Mean scores
(SD) are shown in the Supplemental table 1. All domain scores were median 100.0. The
domain ‘functions of the legs’ showed most ‘positive’ scores (28.6% of children and
23.3% of parents). In children, the domain of ‘use of transport’ showed least ‘positive’
scores: in 9.8%. In parents, the domain of ‘nousehold tasks’ showed least ‘positive’
scores: in 12.9%.

DISCUSSION

This study showed that Dutch children on early prophylaxis and their parents reported
almost no limitations in activities and participation. On group level, after three or five
years follow-up the sum scores and domain scores remained stable. On patient level,
in patients without limitations in activities and participation (pedHAL sum score >95)
and without joint and/or muscle bleeds, pedHAL scores remained high till the next
assessment after median (IQR) 1.0 (0.9-1.2) years. If patients did report limitations,
they reported most limitations in the domains ‘sitting/kneeling/standing’, 'functions of
the legs' and ‘leisure activities and sports’. Almost no limitations were reported on the
pedHAL items in the domains ‘functions of the arms/, ‘use of transportation’, ‘self-care’
and ‘household activities'. In addition, child-parent agreement (difference child-parent
<5) varied across domains from 71% agreement for ‘functions of the legs’ up to 92%
agreement for ‘self-care’. The differences indicated that both child report and parent
proxy should be reported.
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Table 3. Score distribution pedHAL per domain
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>95 38 (79) 41(87) 48 (92) 50(96) 55(98) 44 (92) 33 (83) 46 (96)

>95 90<95 6(13) 2@ 1) 1(2) 1(2) 103 2 (4)
n (%) <90 4 (8) 4(9) 3(6) 1) 1(2) 1(3)
N/A 1(2) 2 (4) 5 (13)
>95 2 (40)  1(25) 1(50) 2 (100) 1(100) 1 (100)
90<95 90<95 2(50) 1 (50) 1(33)
n (%) <90 3(60) 1(25) 2 (67)
N/A
>95 330 2017) 1(11) 3(33) 1(14) 3(25) 1(8)
<90 90 <95 1(8) 1(11) 2 (29) 2 (29) 1(8) 1(8)
n (%) <90 7(70) 9(75) 6(67) 5(56) 5(71) 4(57) 5(42) 10 (83)
N/A 1(11) 1011 3(25)
>95 3 (43) 2 (20)
N/A 90 <95 1(10)
n (%) <90 2(20)
N/A 4 (57) 5 (50)
Pairs with

similar scores,
difference child-
parent <5 (%)

71 73 84 84 92 81 78 81

Number and proportion n (%) of children and parents who scored >95 points, 90 < 95 points, <90 points
and N/A for all domains and the sum score. Concordant scores between children and parents are marked

in grey.
*p-value of the Wilcoxon signed-rank order test is significant (p<0.05) signifying statistically significant
discordant scores between children and their parents.

Internal and external validity

So far, studies on the psychometric properties of the pedHAL have been limited [10].
The results of the present report were dependent on the choice of cut-off points.
The three categories (>95, 90-95 and <90 points), cut-off score of <95 (limitations in
activities and participation) and cut-off score of more than 5 points for changes in
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pedHAL were based on reported limits of agreement (LoA) of test-retest data [1], but
are arbitrary. To determine exact changes in limitations measured with the pedHAL,
Smallest Detectable Change and Minimal Important Change should be known.

Results show high pedHAL scores, no changes on group level and stable pedHAL scores
in patients without limitations and joint and/or muscle bleeds during 1 year follow-up.
Although this field test of routine assessments included data of an unselected cohort
with a full age range and long follow-up, the results are only applicable to intensively
treated patients as patients in the Van Creveldkliniek receive early prophylaxis and
intensive treatment.

Children with a deteriorated pedHAL score after three or five years showed more
joint and/or muscle bleeds, which is in line with the hypothesis that bleeds results
in limitations of activities and participation. This needs to be confirmed in another

population.

Comparison with other studies

Neither long-term follow-up data of self-reported limitations in activities and
participation measured by the pedHAL, nor child-parent agreement has been published
until now. This is the first study which showed three to five years follow-up data and
the development of the pedHAL in relation to joint and/or muscle bleeds. Only in a
pilot test child-parent agreement was studied in a small sample of 15 patients with LoA
(change in mean score + 95% confidence interval) varying from 0.7 + 3.4t0 0.7 £ 28.2 [1].
Child- parent agreement in other patient reported outcome measures (PROMs) used in
children with haemophilia show different scores on self-reported health related quality
of life between children and their parents for the Canadian Hemophilia Outcome - Kids'
Life Assessment Tool (CHO-KLAT). Differences between child and parent proxy scores
were also reported in other paediatric PROMs and the recommendation is to measure

both perspectives [11,12].

The domain and sum scores as reported in the present study in Dutch children were
higher than previous reported data in UK, Romania and Lithuania [5,13,14]. Comparable
sum scores were reported in a Canadian study [15]. Similar to the present study, the
domains ‘sitting/kneeling/standing’, ‘functions of the legs’ and 'leisure activities and
sports’' were the most informative domains and most ceiling effects were observed in
the domains of ‘functions of the arms’, ‘use of transportation’, ‘self-care’ and ‘nousehold
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activities’ in English, Romanian and Lithuanian children [5,13,14]. No studies were
available about pedHAL scores in children without haemophilia, to compare the
limitations to healthy children.

In the adult version of the HAL the same seven domains are represented and reported
HAL data were mostly comparable to data of children. Adults with mild to severe
haemophilia from the United States and adults with severe haemophilia from the UK
reported most complaints in the domains ‘lying down/sitting/kneeling/standing’ and
‘functions of the legs’ and least complaints in the domain ‘self-care’ [16,17].

Clinical implications and future research

Results suggest that annual pedHAL assessment in clinical care is not necessary
in children who have a pedHAL sum score >95 and no joint and/or muscle bleeds
during follow-up. In children with lower pedHAL scores and/or bleeds, annual pedHAL
assessment is recommended to monitor limitations in activities and participation.
At group level changes were clinically insignificant after 3-5 years. The present data
suggest that the frequency of administrating the pedHAL can be lowered to every 3-5
years when studying groups of children with low bleeding rates receiving intensive
prophylaxis. However, both child report and parent proxy should be reported because
scores differed between children and their parents. These discrepancies are important
to discuss with the child and their parents.

Shortening the questionnaire may enhance the feasibility of the pedHAL within the
context of multiple outcome assessment in haemophilia care. The present study
identified several pedHAL domains which were less informative; especially ‘functions of
the arms/, ‘use of transportation’, ‘self-care’ and ‘household activities' may be candidates
for shortening. However, before deciding on the removal of items, this study should
be repeated including data from other paediatric haemophilia populations, including
patients with more frequent bleeding and/or extensive arthropathy.

CONCLUSION

This explorative clinical study suggests that annual pedHAL assessment has limited
clinical value in patients without limitations in activities and participation (pedHAL sum
score >95) and without joint and/or muscle bleeds. Furthermore, both child report and

parent proxy should be reported since scores between children and their parents differ
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(child-parent agreement: 71-92%). This study revealed little limitations in activities and
participation (pedHAL >95: 76%) in Dutch children on prophylaxis and pedHAL scores
remained stable over three to five years at group level. Domain analyses showed that
the domains 'sitting/kneeling/standing’, ‘functions of the legs’ and ‘leisure activities and
sports' are most informative domains in patients receiving early prophylaxis.
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SUPPLEMENTARY MATERIAL

Supplemental table 1. Mean (standard deviation [SD]) scores of pedHAL per domain

Domain Children Parents
Mean (SD) Mean (SD)
Sitting/kneeling/standing 95.3 (8.0) 96.1 (8.3)
Functions of the legs 94.7 9.1 949 (12.8)
Functions of the arms 96.3 (7.8) 96.7 (7.8)
Use of transport 97.8 (7.5) 96.4 (9.5)
Self-care 98.1 (5.0 97.5 (6.6)
Household tasks 97.7 (7.1) 96.6 (9.8)
Leisure activities and sports 94.8 (10.9) 931 (16.0)
Sum score 959 6.7) 95.6 (8.9)

78



Routine use of pedHAL

79






CHAPTER 5

Shortening the pediatric
Haemophilia Activities List
(pedHAL) based on pooled data
from international studies

Isolde A.R. Kuijlaars;’
Janjaap van der Net;?
Vanessa Bouskill;?

Pamela Hilliard;*

Agne Juodyte;®

Kate Khair;®

Sonata Saulyte Trakymiene;®

Kathelijn Fischer?

'Van Creveldkliniek, University Medical Center Utrecht, Utrecht University, Utrecht, The

Netherlands

2 Center for Child Development, Exercise and Physical Literacy, University Medical
Center Utrecht, Utrecht University, University Children’s Hospital, Utrecht, The
Netherlands

*Department of Nursing, Division of Hematology/Oncology, The Hospital for Sick
Children, Toronto, Canada

+Child Health Evaluative Sciences, The Hospital for Sick Children, Toronto, Canada
5 Clinic of Children’s diseases, Faculty of Medicine, Vilnius University, Vilnius, Lithuania

¢ Centre for Outcomes and Experience Research in Children’s Health, lliness and
Disability (ORCHID), Great Ormond Street Hospital for Children NHS Foundation Trust,
London, UK

Haemophilia. 2021,27: 305-313.



Chapter 5

ABSTRACT

Introduction

The pediatric Haemophilia Activities List (pedHAL) was developed to measure activities
and participation in children and youth with haemophilia. Results from international
studies provide an opportunity to determine which items are universally important.

Aim
The aim of this study was to determine which items of the pedHAL are redundant to
construct a shorter version of the pedHAL.

Methods

This study is a cross-sectional multicenter secondary analysis on pooled data of
published studies using the pedHAL (7 domains, 53 items, optimum score: 100) in
children with haemophilia A/B aged 4-18 years. To identify redundant items the following
aspects were evaluated: floor and ceiling effects, proportions of missing and 'not
applicable’ responses, inter-item correlations, component loadings in an exploratory
factor analysis, internal consistency and item-total correlations.

Results

Data on 315 patients with haemophilia from 6 studies were evaluated. Median age
was 12.2 years [range 4.0-18.0], 87.3% had severe haemophilia and 80.3% received
prophylaxis. Median (IQR) pedHAL sum score was 96.7 (88.0-100). After a stepwise

procedure 31 items were removed, resulting in a pedHAL_ _ of 22 items, representing

short

all original 7 domains. Most remaining items belonged to the domains ‘sitting/kneeling/

standing’ and ‘functions of the legs’ The pedHAL_ . sum score was similar to the

short

original pedHAL sum score, with small differences in 5 domains.

Conclusion
This clinimetric study resulted in >50% reduction of the length of the pedHAL. The 22-
item pedHAL
on activities and participation. The pedHAL

reduces patient burden and is expected to capture the information

short

needs validation in other populations.

short
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INTRODUCTION

The paediatric Haemophilia Activities List (pedHAL) assesses self-reported limitations
in various activities of daily living, which are relevant to children and youth with
haemophilia [1]. It was directly derived from the Haemophilia Activities List (HAL) for
adults [2,3] and subsequently validated [1,4]. The pedHAL includes 53 items, distributed
over seven domains similar to the HAL domains: ‘sitting/kneeling/standing’, ‘functions of
the legs’, ‘functions of the arms’, ‘use of transportation’, 'self-care’, 'household tasks' and
‘leisure activities and sports’. All items belong to ‘activities and participation’, according
the World Health Organization’s International Classification of Functioning (ICF). ‘Activity’
is defined as 'the execution of a task or action by an individual’ and ‘participation’ as
‘involvement in a life situation’ [5]. The pedHAL is recommended for both research

purposes and clinical management of patients [6].

After introduction of the pedHAL to clinical care and research in 2010, clinicians and
researchers reported some items to be non-informative. Most ceiling effects were
observed in the domains of ‘functions of the arms’, ‘use of transportation’, ‘self-care’
and ‘household activities' in Dutch, English, Romanian and Lithuanian children. The
domains ‘sitting/kneeling/standing’, ‘functions of the legs’ and ‘leisure activities and

sports’ were the most informative domains [4,7-9].

Shortening the questionnaire may enhance the feasibility of pedHAL use within the
context of multiple outcome assessments in haemophilia care. With more studies using
the pedHAL being conducted internationally over the past years, there is an opportunity
to determine which items are universally important for different patient populations.

The aim of this study was to determine which items of the pedHAL are redundant in

order to construct a shorter version of the pedHAL for the measurement of activities
and participation in children and youth with haemophilia.
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MATERIALS AND METHODS

Study design and study population

This study was a cross-sectional multicenter secondary analysis of pooled data of
published studies using the pedHAL. The Medical Research Ethical Committee (MREC) of
the University Medical Center Utrecht reviewed the study (protocol number 18-309/C).

Pooling of published pedHAL data

A literature search identified five studies published between 2010 and April 2018, which
used the pedHAL in children with haemophilia. In addition, two studies in preparation
for publication were identified and included. Inclusion criteria were children with
haemophilia A (FVIII) and B (FIX) of all severities, aged 4-18 years. Patients were excluded
if more than half of the pedHAL items were missing. If both the children and parent
proxy pedHAL scores were available, only the pedHAL completed by the child was
included in the analyses. Authors of all seven papers were invited to share the original
pedHAL data (scores per item) and de-identified patient characteristics. All but one
authors accepted our invitation. Only data of children with haemophilia A (FVIII) and B
(FIX) aged 4-18 years who participated in the selected studies were included [1,4,7,9-11].

Measurements

The pedHAL assesses self-reported limitations in activities and participation in children
with haemophilia. It consists of a patient version (8-18 years) and parent version (4-18
years) both with 53 items, distributed over seven domains. Patients score the items
on a 6-point Likert scale (impossible’, ‘always’, ‘usually’, ‘'sometimes’, ‘almost never,
‘never’), with a 'not applicable (N/A)' scoring option. Domain scores and sum scores
are converted to a normalized domain score ranging from 0 (worst possible functional
abilities) to 100 (best possible functional abilities) in the scoring tool (available at www.
vancreveldkliniek.nl). According to the pedHAL scoring manual, domain scores were
only calculated if half or more of the items of a domain were scored on the 6-point
Likert scale.

Patient characteristics analyzed included age at pedHAL assessment, type of
haemophilia (A or B), severity of the disease (mild [factor VIII/IX activity 0.06 - 0.40 U/
ml], moderate [factor VII/IX activity 0.01 - 0.05 IU/ml] or severe [factor VIII/IX activity
<0.07 IU/ml]), clotting factor regimens (prophylaxis yes/no and start prophylaxis before
age of 3 years yes/no) and current inhibitor status.
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Statistical analyses

Patient characteristics were presented as proportions or medians (interquartile ranges
[IQR:P25 - P75]). A Kruskal Wallis test was performed to compare age according to
treatment regimen (prophylaxis start <3 years vs. prophylaxis start >3 years vs. no
prophylaxis). Descriptive analyses (median, IQR, range, mean and standard deviation
[SD]) were performed for the pedHAL domain and sum scores. Based on reported limits
of agreement (LoA) of test-retest data [1], limitations in activities and participation were
defined as <95 points for domain and sum scores.

Non-informative items were identified in a stepwise process (7 steps) according to the
method of de Vet et al. (2011), from the COnsensus-based Standards for the selection
of health Measurement INstruments (COSMIN) initiative [12]. After each step non-
informative items were deleted, before proceeding with the following step.

Step 1: Per item the proportions of each scoring option (‘impossible’, ‘always’, ‘usually’,
‘'sometimes’, ‘almost never’ or ‘never’) was determined, excluding the missing and
‘N/A’ scored questions. Proportions of minimum (‘impossible’) and maximum (‘never’
problems) scores were analyzed to detect floor and ceiling effects. Items with >85%
minimum or maximum scores were removed.

Step 2: The missing data and scores with ‘N/A were examined. The authors removed
items which were scored >15% as ‘missing’ or ‘N/A.

Step 3: Inter-item correlations were evaluated. Inter-item correlations calculated with
Spearman’s rho <0.2 indicated items which do not correlate with any of the others
and >0.9 indicated item redundancy. Items with inter-item correlations <0.2 and >0.9
were not included in the factor analysis.

Step 4: Component loadings on exploratory factor analysis were evaluated. Items
were analyzed on categorical level. Items with factor loadings <0.5 were removed.
Model fit was evaluated with the Root Mean Square Error of Approximation (RMSEA);
<0.08 indicates moderate model fit and <0.05 indicates good model fit.

Step 5: Inter-item correlations were evaluated for the second time. Inter-item
correlations calculated with Spearman’s rho >0.7 within one factor were indicators
for item redundancy. Items which had a correlation >0.7 were reviewed by IK, KF and
JJ and one of the items was removed.

Step 6: Internal consistency calculated with Cronbach’s a and internal consistency
after item deletion were compared. Cronbach’s a should be 0.7 and 0.9; a higher
Cronbach'’s a after item deletion was considered a reason to eliminate an item.
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Step 7: Item-total correlations for the pedHAL total score were evaluated. Item-total
correlations were calculated with Spearman’s rho. Items with item-total correlations
<0.3 were removed.

A sensitivity analysis was performed where only parent scores were analyzed in cases
where both were available (n=72).

After removing non-informative items, a pedHAL was created. Median (IQR)
normalized sum and domain scores and percentages of scores <95 points were
calculated for the pedHAL
in the original scoring tool. The differences between the pedHAL and pedHAL

short
o SiMilar to the calculation of sum and domain scores

short

sum scores were calculated and shown in a boxplot. In addition, a one-way analysis
of variance (ANOVA) was performed to compare differences according to treatment
regimen (prophylaxis start <3 years vs. prophylaxis start >3 years vs. no prophylaxis).

A secondary exploratory factor analysis was performed for the pedHAL_ . to detect

short

possible underlying constructs.

SPSS (version 25, IBM) was used for data analyses. Mplus (version 6.12, Muthen &
Muthen) was used for the exploratory factor analysis.

RESULTS

Patient characteristics

From the data of six studies, 315 children with haemophilia A or B were included.
The data are from the Netherlands (n=84) [1,9], Romania (n=28) [4], United Kingdom
(UK) (n=123) [7], Lithuania (n=15) [10] and Canada (n=65) [11]. Patient characteristics
are shown in Table 1. Median age at the time of completing the last pedHAL was 12.2
years (range 4.0 - 18.0) and was similar for patients with different treatment regimens
(p=0.22). The majority of the patients had severe haemophilia (87.3%). One patient was
excluded because he completed less than half of the items of the questionnaire. The
bulk of the questionnaires (81.3%) that were analysed were completed by the children,
the others were completed by parents.

PedHAL domain and sum scores

Domain and sum scores are shown in Table 2. The median (IQR) pedHAL sum score
was 96.7 (88.0 - 100.0). 'Positive’ pedHAL sum scores (<95 points) were observed in

86



pedHAL shortening in pooled data

43% of participants. The median (IQR) domain scores were lowest for the domains
'sitting/kneeling/standing’ (97.8 [82.2 - 100.0]), ‘functions of the legs’ (97.8 [83.6 - 100.0])
and 'leisure activities and sports’ (97.8 [80.0 - 100.0]). The other domains had median

scores of 100.0. Domain scores were not calculated for 2 participants for the domains

‘functions of the arms’ and ‘self-care’, and for up to 60 participants for the domain

‘leisure activities and sports’, because more than half of the items were scored as

missing or ‘N/A.

Table 1. Patient characteristics (n=315)

Patient characteristics (n=315) Median (IQR), % (n)
Age (years) 12.2 (9.7 - 15.0)
Haemophilia A 87.0 (n=274)

Severity haemophilia

Mild 7.6 (N=24)
Moderate 5.1 (n=16)
Severe 87.3 (n=275)
Prophylaxis 80.3 (n=253)
Early prophylaxis (<3 years) 51.9 (n=139)?
Inhibitor (current) 5.7 (n=18)

*missing data on prophylaxis (n=47).

Table 2. Domain and sum scores of the pedHAL (n=315)

Domain Domain scores Score Missing
<95 /NA
Median (IQR) Min Max (%) N
Sitting/kneeling/standing 97.8 (82.2-100) 10.0 100 45 0
Functions of the legs 97.8 (83.6-100) 0.0 100 44 3
Functions of the arms 100 (90.0-100) 10.0 100 34 2
Use of transport 100 (93.3-100) 0.0 100 26 17
Self-care 100 (96.8-100) 6.7 100 20 2
Household tasks 100 (93.3-100) 0.0 100 26 37
Leisure activities and sports 97.8 (80.0-100) 0.0 100 45 60
Sum score 96.7 (88.0-100) 19.2 100 43 0
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Item reduction

The stepwise process to select non-informative items is shown in Table 3. The frequency

tables generated for step 1 and 2 and the table with item-total correlations for step 7

in the item reduction process are shown in the Supplementary material.

1.

88

Floor and ceiling effects

Minimum and maximum scores were evaluated for all items. There was no floor
effect in any pedHAL item. Ceiling effects were shown in 2/6 items of the domain
‘functions of the arms’ and in 6/9 items of the domain ‘self-care’.

. Missing data and scores with ‘N/A’

There were small numbers of missing responses (0-3) on the items. Missing and/or
‘N/A responses were scored in >15% of the children in 1/3 items of the domain ‘use
of transport’, 2/3 items of the domain ‘household tasks' and in 9/11 items of the
domain 'leisure activities and sports’.

. Inter-item correlations (1)

None of the items had correlations with other items lower than 0.2 or higher than
0.9. All remaining items were used for the exploratory factor analysis.

. Component loadings of the exploratory factor analysis

Table 4 shows the component loadings of the exploratory factor analysis. The
exploratory factor analysis suggested no items were eligible for item reduction. A
2-factor model was selected which included all remaining items and the two factors
were identified as arm activities and leg activities. The model fit of the 2-factor model
was 0.07 (RMSEA), indicating moderate model fit. The factor loadings were >0.5.

. Inter-item correlations (2)

Inter-item correlations were re-evaluated. In the domain ‘sitting/kneeling/standing’
3/10 items, which had inter-item correlations >0.7 with other items, were removed.
In the domain ‘functions of the legs’' 5/11 items were removed. The items ‘running’
and jJumping’ had a correlation of 0.73. The authors decided to remove the item
jumping’, which was considered less relevant in lifelong outcome assessment.
The items ‘walking upstairs' and ‘walking downstairs’ had a correlation of 0.81. The
authors decided to remove the item ‘walking downstairs’, which was scored as less
difficult than ‘walking upstairs' by the participants. In the domain ‘use of transport’
the item ‘using public transport’ (1/3) was removed. In the domain 'self-care’ 2/9
items were removed.

. Internal consistency calculated with Cronbach’s a

The remaining 22 PedHAL items were strongly related (Cronbach’s a of 0.97),
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which indicates redundancy of items. Only complete cases (n=201, 63.8%) were
included in the analysis. The Cronbach's a after deletion of separate items was
equal or smaller, which did not identify candidate items for removal. Eventually, the
authors decided to keep the remaining 22 items, because the Cronbach'’s alpha was
already lowered by removing the 31 items.
7. ltem-total correlations for pedHAL total scores

All item-total correlations were high (Spearman’s rho = 0.55 - 0.76), thus identifying
no candidates for item reduction.

The sensitivity analysis with parent proxy (n=131) and child (n=184) forms resulted in
a shorter pedHAL
without help’, ‘'stretching to reach something above your head’ and ‘putting on pants'’

hort (20 items). The items ‘walking or riding up a small hill or slope
were removed in step 5 (inter-item correlations) and ‘putting on shoes and socks’ was
not removed in step 5.

PedHAL , with22items
In Table 3 all items of the pedHAL
and pedHAL

are shown. Domain and sum scores of the pedHAL

short

o @€ shown in Table 5.
Twenty-two items remained after removing the items (n=31) according to the seven
Most items of the pedHAL
belonged to the domains ‘sitting/kneeling/standing’ (n=7) and ‘functions of the legs’

steps. All domains were still represented in the pedHAL

short. short

(n=6). For the domains ‘use of transport’, ‘self-care’ and ‘household tasks' only one item
The median (IQR) pedHAL
100.0), which was similar to the pedHAL sum score. The differences between the pedHAL
and pedHAL
and started >3 years and patients receiving no prophylaxis (p=0.82) (see Figure 1). The

remained in the pedHAL sum score was 97.3 (87.0 -

short’ short

hore SUM SCOTES Were similar in patients receiving prophylaxis started <3 years
domains had median scores of 100.0, in exception of a median domain score of 97.1 for
‘'sitting/kneeling/standing’. Domain scores for ‘sitting/kneeling/standing’, ‘functions of
the legs’, ‘'use of transport’ and ‘self-care’ were higher than the original pedHAL domain
scores. Domain score for ‘functions of the arms’ was lower than the original pedHAL
domain score. The largest discrepancy in the proportions of abnormal domain scores
(<95) was observed for the domain ‘use of transport’ (pedHAL: 26% vs. pedHAL, : 16%),
which was a result of removing the item ‘cycling'.

The secondary exploratory factor analysis with the 22-item pedHAL_, _ resulted in a

short

1-factor model, indicating that a sum score containing all 22 items needs to be used.

89



Chapter 5

duwled Jswuwins Jo

dwed jooyds 01 8uloo ||
AEVE]

syJods e upyied Supel oL
S1J0ds 10RUOD |[eNPIAIPU| 6
syulods

10P1U0D-UOU [eNPIAIPU| 8
sylods

weaj 1oejuod 3ulheld £
syods wea)

1oeIu0d-Uou Suife|d 9 saJoyd
suods  pjoyasnoy
||eq :s110ds jooyds § BYI0 €
So19IYIe S1i0ds [0oydS ¢ saJoyd
o 8uj09 | apISINO ¢ 3uphy L
(/N 7 Buissiw %51.<) ¥/N 40/pue SulssiN =z d335
19931 JnoA Suiysnig 6
‘D19 ‘92In[ Js1em Jo 93104
e woJj plj ay1 Suimaldsun g
UdImpues e
Supjew Jo peauq dujuanng /
“JnoA uo uoling doiyayidn
Sulop Jo pooy e Sujuaised 9
193|103 ay1 8uisn
13148 W0110q JNoA 8uldipm § 2U02WOS
Apogq UM spuey 8upeys 9
2J13ud UnoA Jjo Sulkig | SIUBWSAOW puey Ul €
(s9403s wnwixew 9%68<) s333443 Sul|197 pue Joo|4 7] daI1s
syiods sysey Suipuess

ales-§|a Jodsueuy jo as sw.ie ay3 jo suopdung sSa| ayy jo suoidun
pue saniAllde 3INSId7  P|oYyasnoH 39S } 10950 U Hatnd I3t Ratnd /8u11aauy /Sunus

swl TyHpad zz Sululewal ay) pue swiall JyHpad Jo Jaquinu ayl 9anpaJ 01 sdais Jo 11eyd Mol € ajqeL

90



pedHAL shortening in pooled data

suiJe JnoA uo Suiues g

Sunum v

peay

INoA anoqe Sulyiswos

Juawdinba d)3seuwAs pue yoeas 03 uiyn1aiis z
S9SIDJ9X3 :s1J0ds |00YdS € asnoy spuey
SJ9Y10 YIIM 2yl punoJe Jedayl oMl ylm s1oafqo Aneay

10 3uo|e ‘apisino Sulkeld ¢ saloyd | syued uo Supind € 1o pue Ul Suneo 7 10 98ue| Suihiied |

dipy

Inoym adoys 1o |1y |[ews
e dn Suipu Jo Sujiem LL
sJieysdn Supjiepm 6
Suluuny /£

8ulions 9

RN

1JOS e U0 u||ep §
S90URISIP

198u0]| Suj|ep Z

spopad Jasuo)

10} |Ins Suipueis 6
SpJemJoy

Jan0 Sulpuag /
spoliad

198u0| 4o} Suienbs 9
SEE)]

wlie INOYIIM Jieyd e
wouJj dn Sujpueis ¢
S1S2J WIIe YlIM Jjeyd
e woJj dn Suipueis €
punoJg

aY3 Uo BUIS T
umop 8uniis |

.Moys,

sway zz ;" yHpad

(£°0>4) suolle|a14103 |2303-W)|Z daTs

A>uajsisuod jeusayu| g dais

SRl
pue ssoys uo 3umng ¢

Jadwin[ (weJy ‘onaw ‘ulesy 'snq)
10 11ys-1 e uo Suning z 3odsueny djignd uisn €

SJieIsumop Suiem ol
Suidwn(g

RN

UaA3UN Ue U0 SUpj|ep 7
saoue)sip 8uo| Supjiep €
S9OURISIP 10YS SUB{|ep |

spoliad 8uo| Auan

e J0J |13 Sulpuels Ol
poiad jioys

e 104 ||Ins Sulpuels 8
Sunienbs /3uj@auy g

(L°0<4) suoile|a1i0d wall-1aju| =g dais

(5°0> sSuipeoj 1013e)) sisAjeue 1031de) Ki01ei0|dx37F da33S

(6°0<4 pue Z°0>4) SUOIIR|3410D WII-IU|TE dIIs

syiods sysey

aJied-§|9 Jodsueuy jo as swie ay3 o suoldun
pue saljIAlIde 3uns|d]  ployasnoH 319S } 33 n Yyij n F|

s8a| ay3 jo suopduny

Suipuess
/8ur@auy /8uns

(panunuod) *€ ajqel

91



Chapter 5

Table 4. 2-factor model of the remaining pedHAL items

Arm activities Leg activities
Sitting/kneeling/standing
Sitting down 0.725 0.507
Sitting on the ground 0.614 0.658
Standing up from a chair with arm rests 0.720 0.556
Standing up from a chair without arm rests 0.654 0.562
Kneeling/squatting 0.547 0.709
Squatting for long periods 0.521 0.726
Bending over forwards 0.612 0.630
Standing still for a short period 0.523 0.726
Standing still for longer periods 0.338 0.905
Standing still for very long periods 0.256 0.925
Functions of the legs
Walking short distances 0.638 0.657
Walking longer distances 0.430 0.851
Walking long distances 0.347 0.855
Walking on an uneven surface 0.531 0.727
Walking on a soft surface 0.573 0.710
Strolling 0.501 0.725
Running 0.480 0.782
Jumping 0.514 0.740
Walking upstairs 0.730 0.606
Walking down-stairs 0.766 0.585
Walking or riding up a small hill or slope without help 0.674 0.634
Functions of the arms
Carrying large or heavy objects with two hands 0.824 0.358
Stretching to reach something above your head 0.790 0.41
Writing 0.650 0.397
Leaning on your arms 0.764 0.389
Use of transport
Getting in and out of the car 0.845 0.445
Using public transport 0.763 0.549
Self-care
Putting on a t-shirt or jumper, etc. 0.903 0.312
Putting on pants 0.905 0.374
Putting on shoes and socks 0.866 0.385
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Table 4. (Continued)

Arm activities Leg activities
Household tasks
Chores around the house 0.772 0.497
Leisure activities and sports
Playing outside, alone or with others 0.614 0.621
School sports: exercises and gymnastic equipment 0.610 0.623

Interpretation: Two factors were identified in the factor analysis; arm activities and leg activities. The grey
highlighted factor loadings shows to which factor the items were allocated. The highest factor loading of each
factor was shown in bold.

Table 5. Domain and sum scores of the pedHAL and pedHAL

short

pedHAL pedHAL_ .
Domain Median (IQR) sc°(':;)595 Median (IQR) Sc°{°2)595
Sitting/kneeling/ standing 97.8 (82.2-100) 45 97.1 (85.7-100)* 42
Functions of the legs 97.8 (83.6-100) 44 100 (86.7-100)* 39
Functions of the arms 100 (90.0-100) 34 100 (85.0-100)* 40
Use of transport 100 (93.3-100) 26 100 (100-100)* 16
Self-care 100 (96.4-100) 20 100 (100-100)* 18
Household tasks 100 (93.3-100) 26 100 (100-100) 19
Leisure activities and sports 97.8 (80.0-100) 45 100 (80.0-100) 44
Sum score 96.7 (88.0-100) 43 97.3 (87.0-100) 43

Only complete cases within each domain were included in the comparison of the pedHAL scores with

pedHAL,, . scores. *p<0.05 Wilcoxon signed rank test.

short
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Figure 1. Boxplots of the differences in pedHAL and pedHAL
treatment regimens

scores for patients with three different

short

DISCUSSION

This study analysed international pedHAL data in children with haemophilia with the
aim of reducing the 53-item pedHAL questionnaire. A stepwise approach resulted in a
pedHAL,, . of 22 items. The items of the pedHAL
original pedHAL: ‘sitting/kneeling/standing’ (n=7), ‘functions of the legs' (n=6), ‘functions

o D€lONged to the domains of the
of the arms’ (n=4), ‘use of transportation’ (n=1), ‘self-care’ (n=1), ‘'household tasks’ (n=1)
and ‘leisure activities and sports’ (n=2). Differences between the original pedHAL and
pedHAL_, . sum score were similar between treatment regimens.

Internal and external validity

This is the first study presenting pedHAL data of 315 patients from heterogeneous
populations. In these published pedHAL data, the majority of patients had received
prophylactic treatment (80%) and half of the patients had early prophylaxis (51%). Ceiling
effects are more likely to occur in intensively treated patients.
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Despite the lack of cross-cultural validation studies of the pedHAL, the use of the
pedHAL is recommended in international guidelines [13]. After development of the
pedHAL in Dutch children, only one clinimetric study was performed in Romanian
children [1,4]. In Romanian children high proportions of ‘N/A' responses were recorded
in the domains ‘household tasks’ and ‘leisure activities and sports’. This was confirmed
by the present ‘pooling’ study including more children from different populations. It
seems that especially these domains are culturally dependent and removing these
items is expected to results in a questionnaire that will perform better in a multicultural
and global context. The shift towards higher domain scores in some domains (i.e.
'sitting/kneeling/standing’, ‘functions of the legs’, ‘use of transport’ and ‘self-care’) and
lower domain scores for ‘functions of the arms’ were a result of the different reasons
for removing items. For example, in the domain ‘functions of the arms’ items were only
removed for ceiling effects and in the domain ‘use of transport’ the most difficult item
‘cycling’ was removed for a high number of ‘N/A' responses. However, the sum scores

of the pedHAL and pedHAL_ __ were similar.

short
For two items with a high item-total correlation rephrasing of the question may be
considered. The items ‘walking upstairs’ and ‘walking downstairs' had a high inter-item
correlation of 0.81. 'Walking upstairs’ was reported by the participants as being slightly
more difficult. As both items are about walking stairs, ‘walking stairs’ may better capture
the activity than choosing one of the two activities. For calculating the pedHAL,

from the original pedHAL, any limitation reported on walking stairs could be scored

as abnormal.

Cronbach’s a =0.97) is still higher than the
recommended Cronbach’s a between 0.7 and 0.9. As the internal consistency improved

Internal consistency of the pedHAL_ . (

after reduction of the 31 items and there was no clear indication for removing any other

specific items, it was decided to retain the remaining items.

To ensure that the pedHAL
was preferred above the 20-item pedHAL

contains all informative items, the 22-item pedHAL

short short

resulting from the sensitivity analysis

short

including all parent forms.

Comparison with other studies
Similar domains were important in two studies not included in this pooled data. In boys
with haemophilia from Lithuania and Portugal, the most difficulties were reported in
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the domains ‘sitting/kneeling/standing’, ‘functions of the legs’ and ‘leisure activities
and sports'[8,14]. The fewest difficulties were reported in the domain ‘self-care’ in the
Lithuanian data and in the domains ‘household tasks’ and ‘self-care’in the Portuguese
data, which were both less informative domains in the pooled data [8,14]. Exact scores
were difficult to compare because both studies reported mean scores. The highest
proportions of ‘N/A’ responses were in the domain ‘leisure activities and sports’ in
the Lithuanian data, which was similar in the pooled data [8]. No other studies were
available to further compare our findings. In adults, similar scoring patterns were shown
by domain level [15,16].

Clinical implications and future research
Within a context of multiple outcomes assessments in haemophilia care, a shorter
assessment of limitations in activities and participation is desirable. This pooling
study of international pedHAL data in children with mild to severe haemophilia with
a wide range of treatment regimens suggested that 31 pedHAL items are redundant,
resulting in a notable shortening of the questionnaire. The shorter version of the
pedHAL includes the most relevant and informative items for children and youth with
haemophilia. The pedHAL
for use in longitudinal studies. Only the sum score should be used for the pedHAL

can be derived from the original pedHAL, which allows

short

short/

since some domains only have 1 item in the pedHAL Before introduction of the
pedHAL

in diverse populations.

short”

construct validity and reliability of the questionnaire should be investigated

short

CONCLUSION

This clinimetric study resulted in a reduction of the pedHAL by more than half after
a stepwise procedure of removing items. This short version of the pedHAL (22 items)
is expected to retain the most relevant and informative items on activities and
participation for children with haemophilia, representing all domains of the original
pedHAL. It detects similar proportions of abnormal sum scores.
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SUPPLEMENTARY MATERIAL

Supplemental table 1. Frequency tables of all domains with the distribution of responses for all items

Distribution of response options scored (%)

Missing

Item and/or N/A ' . Almost

scores (%) Impossible Always — Usually Sometimes never Never
Sitting/kneeling/standing
Sitting down 1.3 0.3 1.6 1.6 51 8.0 83.3
Sitting on the ground 29 1.0 2.6 1.6 8.5 101 761
Standing up from a chair with 2.2 0.6 19 29 29 7.8 83.8
arm rests
Standing up from a chair 5.4 13 2.3 13 4.0 8.1 82.9
without arm rests
Kneeling/squatting 0.3 29 41 3.8 9.6 13.7 65.9
Squatting for long periods 6.3 4.4 2.7 4.4 15.6 15.9 56.9
Bending over forwards 13 1.0 1.3 1.9 6.8 10.6 78.5
Standing still for a short 13 0.6 1.9 5.1 7.1 11.9 73.3
period
Standing still for longer 3.8 3.0 3.0 6.6 11.9 14.9 60.7
periods
Standing still for very long 3.8 3.0 3.0 6.6 1.9 14.9 60.7
periods
Functions of the legs
Walking short distances 1.0 1.0 2.2 2.6 5.8 1.5 76.9
Walking longer distances 1.9 1.6 23 4.2 15.9 12.6 63.4
Walking long distances 9.8 2.8 5.3 8.5 15.1 16.5 51.8
Walking on an uneven surface 1.6 0.6 2.6 2.9 1.3 14.5 68.1
Walking on a soft surface 57 0.3 2.4 13 27 9.8 83.5
Strolling 57 13 1.7 2.4 9.8 12.8 721
Running 2.9 23 2.6 4.6 6.5 13.7 70.3
Jumping 2.9 2.9 2.6 3.6 12.7 134 64.7
Walking upstairs 0.6 1.0 2.9 2.2 8.0 12.8 73.2
Walking down-stairs 0.6 0.6 2.9 2.2 6.1 9.6 78.6
Walking or riding up a small 3.5 1.6 2.0 3.0 79 13.2 72.4
hill or slope without help
Functions of the arms
SZJZZ itzgw'iLgtewog :aejgz 41 0.7 20 26 76 149 722
Stretching to reach 55 07 16 53 6.2 121 772

something above your head
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Supplemental table 1. (Continued)

Missing Distribution of response options scored (%)
Item and/or N/A ' ‘ Almost
scores (%) Impossible Always — Usually Sometimes never Never

Fine hand movements 1.0 0.3 2.6 0.3 3.8 3.5 89.4
Writing 13 0.3 1.9 2.3 6.4 10.6 78.5
Leaning on your arms 13 0.6 1.9 2.9 7.7 1.6 75.2
Shaking hands with someone 1.9 0.0 1.3 1.9 1.9 3.9 90.9

Use of transport

Cycling 18.7 2.3 1.6 2.0 9.8 7.0 773
Getting in and out of the car 1.9 0.6 2.3 2.3 55 5.8 83.5
Using public transport 14.6 0.0 19 0.4 5.2 8.2 84.4
Self-care

Drying off your entire body 1.0 0.6 2.2 1.3 29 4.8 88.1
Putting on a t-shirt or jumper, 06 03 26 16 47 70 843
etc.

Putting on pants 0.6 0.6 3.8 1.0 51 7.7 81.8
Putting on shoes and socks 0.0 1.0 3.2 29 6.7 8.3 781
Wiping your bottom after 19 03 16 19 2.3 42 89.6
using the toilet

Fastening a hood or dowvng up 16 03 26 16 32 48 874
the top button on your jacket

Butter\.ng bread or making a 6.7 03 50 14 10 a1 912
sandwich

Unscrewmgthe.w froma 55 03 53 13 16 62 853
bottle of water, juice, etc.

Brushing your teeth 0.6 0.3 29 1.6 2.6 4.8 87.9
Household tasks

Chores around the house 7.6 1.4 2.4 2.4 6.2 6.5 81.1
Outside chores 16.8 1.1 23 1.5 4.6 8.0 82.4
Other household chores 15.6 1.9 19 1.1 5.6 9.0 80.5
Leisure activities and sports

Going out 18.7 1.2 1.6 23 5.5 9.4 80.1
Playing outside, alone or with 44 07 13 53 8.6 126 714
others

School sports:.exercwses and 8.9 58 14 59 13.9 146 613
gymnastic equipment

School sports: athletics 19.7 4.7 2.0 55 8.7 14.2 64.8
School sports: ball sports 16.5 2.7 2.3 53 8.0 13.3 68.4
Playing non-contact team 197 24 24 43 83 126 70.0

sports
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Supplemental table 1. (Continued)

Distribution of response options scored (%)

Missing

Item and/or N/A ' ‘ Almost

scores (%) Impossible Always — Usually Sometimes Never
Playing contact team sports 25.7 5.6 3.4 6.4 1M1 12.8 60.7
Individual non-contact sports 21.6 1.6 2.4 3.2 7.7 6.9 781
Individual contact sports 571 17.0 52 52 4.4 6.7 61.5
Taking partin a sports event... 419 3.8 4.4 3.8 77 8.7 71.6

i hool

Going to school camp or 42,9 33 2.8 33 7.8 50 778

summer camp

Supplemental table 2. Item-total correlations with the adjusted pedHAL sum score (22 items)

Item

item-total correlation, r

Sitting/kneeling/standing

Sitting down 0.557
Sitting on the ground 0.655
Standing up from a chair with arm rests 0.557
Standing up from a chair without arm rests 0.552
Squatting for long periods 0.758
Bending over forwards 0.635
Standing still for longer periods 0.745
Functions of the legs

Walking longer distances 0.738
Walking on a soft surface 0.565
Strolling 0.656
Running 0.669
Walking upstairs 0.697
Walking or riding up a small hill or slope without help 0.699
Functions of the arms

Carrying large or heavy objects with two hands 0.636
Stretching to reach something above your head 0.632
Writing 0.547
Leaning on your arms 0.602
Use of transport

Getting in and out of the car 0.594
Self-care

Putting on pants 0.587
Chores around the house 0.608
Leisure activities and sports

Playing outside, alone or with others 0.687
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ABSTRACT

Introduction

The Haemophilia Activities List (HAL) is a preferred instrument to measure self-reported
limitations in activities in persons with haemophilia (PWH). Information on reliability
and interpretability of HAL scores is lacking.

Aim
To examine the test-retest reliability and smallest detectable change (SDC) of the HAL
in adult PWH.

Methods

Fifty adult (=18 years) persons with mild to severe haemophilia completed the HAL
(42 items, 7 domains, optimum 100) at baseline (T0) and 3 to 4 weeks later (T1). The
intraclass correlation coefficient (ICC) and SDC were calculated for sum and component

scores.

Results

Fifty persons with haemophilia were included (median age 49 years; 92% haemophilia
A; 70% severe haemophilia). The median (interquartile ranges) HAL sum score was
77 (62 to 99) at TO and 81 (64 to 98) at T1. Reliability was good with ICCs for sum and
component scores > 0.9. The SDC for the sum score was 10.2, for the upper extremity
component score 9.2, for the basic lower extremity component score 16.7 and for the
complex lower extremity component score 13.4.

Conclusion
The HAL has a good reliability for the sum and component scores. Score changes of
the normalized sum HAL score greater than the SDC 10.2 indicate that the change was

not a result of measurement error.
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INTRODUCTION

Persons with haemophilia (PWH) suffer from recurrent joint bleeds that lead to synovial
inflammation and blood related cartilage damage, eventually resulting in haemophilic
arthropathy [1,2]. Joint impairment will result in limitations in functional abilities, daily

activities and participation in society, and a reduction of quality of life [1].

In developed countries, treatment of haemophilia has greatly improved over the last
decades and life expectancy of PWH has almost normalized [3]. Especially now, with
gene therapy as a promising next step in haemophilia care [4], appropriate clinimetric
instruments are essential to assess the effect of new (para)medical treatments and
to monitor patients at individual level. Besides reporting bleeding episodes and joint
assessment, measurement of the impact of haemophilia on activities and participation
in relation with their society is important [1].

The Haemophilia Activities List (HAL) is recommended to measure self-reported
activities and participation [5]. The HAL has been developed with patient interviews
according to the World Health Organization (WHO) International Classification of
Functioning, Disability and Health (ICF) and it measures self-reported limitations in
activities and participation due to haemophilia in the previous month [6-8]. In addition
to being clinically relevant, any instrument should be valid and reliable. Validity is the
degree to which an instrument measures the construct which it aims to measure.
Reliability is the degree to which the measurement is free from measurement error.
Furthermore, interpretability is an important measurement property which is the
degree to which one can assign qualitative meaning to an instrument's quantitative
scores or change in scores [9,10]. The HAL was developed according the Classical Test
Theory (CTT), which implies that the sum and component scores were a sum of all
individual ordinal items of the questionnaire [8].

A recent systematic review performed according the CTT reported that the HAL had
good content validity as it reflects daily activities which were based on interviews with
PWH, while there was conflicting evidence for construct validity [5]. For example, the
HAL discriminated well between patients on intensive and less intensive prophylaxis but
not between patients who stopped or continued prophylaxis [5]. However, information
on reliability including test-retest reliability and interpretability of scores is lacking, which
is necessary to interpret HAL scores in clinical practice and research [5].
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The aim of this study was to examine the test-retest reliability and the smallest
detectable change (SDC) of the HAL in adult PWH. Furthermore, the measurement
error needs to be considered to determine the SDC.

MATERIALS AND METHODS

Study design and study population

This study was a single-center prospective, psychometric study. Adult (=18 years)
persons with mild to severe haemophilia who visited the Van Creveldkliniek, Utrecht,
The Netherlands, for routine assessment were asked to participate in the study. The
first HAL (T0O) was completed during a clinic visit. The second HAL was sent by mail
three weeks later (T1) and PWH were asked to complete the questionnaire within one
week. The time-interval between TO and T1 was considered sufficiently long to prevent
recall bias. Data were collected between September 2017 - September 2018. PWH were
excluded if they had a recent bleed, synovitis or joint surgery at/between TO or T1. We
aimed for the inclusion of 50 PWH, according to the Consensus-based Standards for
the development of Measurement Instruments (COSMIN) guidelines [11].

The Medical Research Ethical Committee (MREC) of the University Medical Center
Utrecht reviewed and approved the study (17-591/C).

Measurements

The HAL contains 42 items across 7 domains (lying down/sitting/kneeling/standing,
functions of the legs, functions of the arms, use of transportation, self-care, household
tasks and leisure activities and sports). Items are scored on a 6-point Likert scale
(impossible’, ‘always’, ‘usually’, ‘'sometimes’, ‘almost never’, ‘never’), with a ‘not applicable’
option for some items. A summary score as well as component scores (upper extremity,
basic lower extremity and complex lower extremity) can be calculated using the official
scoring tool (available at www.vancreveldkliniek.nl) [12]. All these scores are converted
to a normalized score from 0 to 100, where higher scores represent a better functional
status. If more than half of the items were missing or scored ‘not applicable’, no valid

domain, component and sum score were calculated [6,8].

Patient characteristics included age at baseline HAL assessment, type of haemophilia
(A or B), severity of the disease (mild [factor VIII/IX activity 0.06-0.40 1U/mL],
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moderate[factor VIII/IX activity 0.01-0.05 IU/mL] or severe [factor VIII/IX activity <0.01

IU/mL]), use of aids and time between test and retest.

Statistical analyses

Patient characteristics and time between TO and T1 were presented as proportions
or medians (interquartile ranges [IQR:P25;P75]). Descriptive analyses (median, IQR,
range) were performed for the HAL sum score and component scores at TO and T1. In
addition, to assess an effect of delayed response (> 3-4 weeks) the time between TO
and T1 was plotted against the change of the HAL sum score of TO and T1 and a linear
regression analysis was performed.

Analyses were performed using IBM SPSS Statistics software version 26.

Reliability, measurement error and interpretability were evaluated and interpreted
according to the definitions of COSMIN [9,10]. Both the development of the HAL and the
analyses of the present study were performed according CTT. Using CTT, the standard
error of measurement (SEM) is assumed to be stable over the total scale [9]. The SEM
and SDC calculated in the present study should be interpreted as average SEM and
SDC values for the HAL scores.

Reliability

Reliability is defined as the degree to which the measurement is free from measurement
error and it expresses how well patients can be distinguished from each other despite
the presence of the measurement error [9]. The intraclass correlation coefficient (ICC)

(lccagreemem
random effects model for agreement, where each term refers to a variance component

:op2/[op2 +0,%+ 07]) was calculated for test-retest reliability with a two-way

(0%): p = patient, m = measurement, r = residual [9,13]. The ICC represents the part of the
variance between scores that can be attributed to ‘true’ differences between patients. ICC
is expressed as a value between 0 and 1: a value of >0.70 is considered acceptable [9].

Measurement error
Measurement error is defined as the systematic and random error of a patient's score
that is not attributed to true changes in the construct to be measured [10]. The standard

error of measurement (SEM) for agreement (SEM =V (0? +0? )was calculated [9].

agreement
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In addition, a Bland and Altman plot was shown for the HAL sum score to illustrate the
measurement error, in relation to the mean HAL score. The 95% Limits of Agreement
(LoA) (LoA = mean difference TO - T1 + 1.96 x SD difference TO - T1) illustrates the

variation in scores in stable patients [9,14].

Interpretability
Interpretability is defined as the degree to which one can assign qualitative meaning
to an instrument’s quantitative scores or change in scores [10]. The SDC
(SDC =1.96 xV2 x SEM

agreement agreemem)

agreement

was calculated as a measure of interpretability and
is the smallest change in score that you can detect above the measurement error [9].

The ICC SEM and SDC were calculated for sum and component

agreement’ agreement’ agreement

scores.

RESULTS

Patient characteristics

Sixty-nine PWH were invited, fifteen participants were excluded due to recent bleeding
or synovitis and four participants did not return the HAL at T1. Eventually, 50 PWH were
included and analyzed (Table 1). The sum and three component scores were available
for all patients at both TO and T1. Scoring was missing for 9/4200 items in total. The
median age was 49.0 years (range 20 to 79) and 70.0% had severe haemophilia, 10.0%
moderate haemophilia and 20.0% mild haemophilia. Nine PWH (18.0%) used aids when
performing certain activities. Median (IQR) time between measurement at TO and T1
was 3.4 weeks (3.0 ; 5.2), with a range of 1.4 ; 10.4 weeks.

HAL sum and component scores

Table 2 presents the sum and component scores at TO and T1. At group level the
median (IQR) HAL sum score was 77.1 (62.5;98.6) at TO and 81.2 (63.6;98.5) at T1. The
median (IQR) absolute difference for sum and component scores varied from |2.2| (0.0;
4.5)to |4.4]| (0.0; 6.7). PWH scored highest on the upper extremity component and
lowest on the complex lower extremity component. Scores were highest on the domain
‘selfcare’ and lowest on the domain ‘functions of the legs' (Supplementary material).
Maximum scores at TO and T1 occurred frequently with maximum HAL sum in 18%
and maximum component scores in 20-32%. The sum and component scores had left
skewed distributions. The difference in HAL sum and component scores between T0
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and T1 increased with increasing time between assessments (B=0.18, p=0.001); in 3/4
PWH who filled in the retest >50 days (7.1 weeks) scores varied >10.0 points.

Table 1. Patient characteristics at baseline (n=50)

Patient characteristics (n=50) Median (IQR) or n (%)
Age (years) 49.0(36.8;61.3)
Haemophilia A 46 (92.0)
Severity of haemophilia
Mild 10(20.0)
Moderate 5(10.0)
Severe 35(70.0)
Using aids when performing certain activities @ 7 (14.0)
One crutch/ cane 4(8.0)
Two crutches 3(6.0)
Wheelchair 1(2.0)
Other aids ® 2(4.0)
Time (weeks) between TO and T1 3.4(3.0;5.2)
*Three persons used two different aids
>Other aids: i.e. scooter or modified bicycle
Reliability, measurement error and interpretability
Table 3 presentsthe ICC__ . ., SEM_ . ...andSDC__ . . forthe sumand component

scores. All ICC values exceeded 0.90. For the HAL sum score the SEM was 3.7 and the
SDC was 10.2. The basic lower extremity component score had the highest variation
with SEM (6.0) and SDC value (16.7), the upper extremity component score had the
lowest variation with SEM (3.3) and SDC value (9.2). Figure 1 shows the Bland and Altman
plot for the HAL sum score, with LoA of -0.92 + 10.14. The differences between scores
at TO and T1 did not change with increasing mean HAL values, which was graphically
checked.

After exclusion of PWH with a time between TO and T1 >50 days, all ICC values increased
and SEM and SDC values were smaller; the basic lower extremity component score
had the highest variation with SEM (5.7) and SDC value (15.8), the HAL sum score had
the lowest variation with SEM (2.8) and SDC value (7.8) (see Supplementary material).
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Figure 1. Bland and Altman plot of the HAL sum score, with Limits of Agreement of -0.92 + 10.14

DISCUSSION

The present study aimed to determine the test-retest reliability and the SDC of the HAL.
The HAL demonstrates a good test-retest reliability: the sum and components score
had an ICC value >0.90. The average SDC value for the normalized HAL sum score was
10.2. This implies that a change in score of 10.2 signifies a true change in one patient and
is not due to measurement error. For the upper extremity component score a change
in score of 9.3 signifies a true change, for the basic lower extremity component score
a change of 16.7 and for the complex lower extremity component score a change of
13.5. SDC values were smaller when excluding patients with a delayed response (> 50
days): the SDC for the sum score was 7.8, for the upper extremity component score
8.8, for the basic lower extremity component score 15.8 and for the complex lower
extremity component score 11.7.

Comparison with other studies

Studies examining measurement properties of the HAL are limited. The ICC values of
the present study are similar to previously reported ICC values of 0.87-0.97 in adult
PWH in the USA (n=158-162), which reported on two questionnaires completed within
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2 hours [15]. ICC values (0.66-0.90) were lower in Brazilian PWH (n=52) who completed
the HAL during interviews (with an interval of 15 days), which is different to individually
completing a paper questionnaire in the present study [16]. SEM and SDC values have
not been published until now.

Strengths and limitations

A strength of this study was the follow up time of median 3.4 weeks, which is sufficiently
long to prevent recall bias. In addition, the sample size of 50 patients was according to
the recommendation of the COSMIN guideline.

A disadvantage of the CTT approach is that the calculated SEM and SDC values are
stable over the whole continuum of the score. In the present study HAL sum scores were
high, comparable to scores in studies in the United Kingdom (UK) and United States
of America (USA) [17,18], indicating a ceiling effect of the HAL in Western countries.
Therefore, the SEM and SDC values calculated in the present study best reflect the
measurement error and SDC for the upper end of the HAL score (better functional
status). Furthermore, the HAL sum and component scores (0-100) are a sum of the
ordinal items and are not corrected for the difficulty of the separate items. For example,
scoring ‘impossible’ on an easy item like ‘sitting down’ has the same weight for the sum
score as scoring ‘impossible’ on a more difficult item like ‘running’.

In addition, the skewed distribution affects the precision of the calculation of the ICCs,
SEMs and SDCs which is based on variance components of analysis of variance (ANOVA).
The ANOVA test assumes that the data is normally distributed, which was not the case
in this study. Finally, the outliers with a delayed response time (TO to T1 >50 days)
increased the SEM and SDC, which implies that the assumption that patients do not
change over time in this study design was not fully met.

Clinical implications and future research

Change scores of the normalized sum HAL score greater than the SDC 10.2 indicate that
the change was not a result of measurement error. The SDC of the HAL helps to pick
up real changes in activities and participation in clinical practice when patients were
monitored with the HAL before and after an intervention or on an annual routine visit.
In addition, the SDC score should be compared with the Minimal Important Change
(MIC) which is the smallest change in score that is perceived as important by patients
[9]. However, the MIC for the HAL still needs to be established.
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CONCLUSION

The HAL is a reliable self-reported outcome measure for limitations in activities and
participation in PWH. Average SDC values are 10.2 for the normalized HAL sum score, 9.2
for the upper extremity component score, 16.7 for the basic lower extremity component
score, and 13.4 for the complex lower extremity component score, which signifies a
true change in score that is not due to the measurement error. The difference in HAL
scores between test and retest increases with larger time intervals between tests.
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SUPPLEMENTARY MATERIAL

Supplemental table 1. Characteristics of the test (TO) and retest (T1) for the HAL domains

HAL domain T0 T1

Median, (IQR) Min Max Median, (IQR) Min Max

Lying down/sitting/

: . 72.5(46.9;100.00 150 100.0 70.0(47.5;100.00 225 100.0
kneeling/standing

Functions of

61.1(43.9;100.0) 15.6  100.0 68.9 (43.3;100.0) 1.1 100.0
the legs

Functions of
unetions o 90.0(70.0;100.0) 50 1000  95.0(80.0;100.0) 200 100.0

the arms
Use of

) 96.7(80.0;100.0)  20.0 100.0 100.0(66.7;100.0) 20.0 100.0
transportation
Self-care 100.0(87.0;100.0) 40.0 100.0 100.0(88.0;100.0) 36.0 100.0
Household tasks 92.0(66.7;100.0) 240 100.0 93.3(65.8;100.0) 16.7  100.0

Leisure activities

76.7(60.0;100.0) 20.0 100.0 87.6(60.0;100.0) 14.3  100.0
and sports

Supplemental table 2. Standard Error of Measurement (SEM), Smallest Detectable Change (SDC) and
intra-class Correlation Coefficient (ICC) of the Haemophilia Activities List without outliers in test-retest
time (n=46)

HAL score SEM,,.cement SDC,, cement 1CC, ., cement (95% CI)
Sum 2.82 7.83 0.98(0.97;0.99)
Upper extremity 3.16 8.76 0.97(0.95; 0.98)
Basic lower extremity 5.70 15.79 0.96 (0.92;0.98)
Complex lower extremity 4.21 11.68 0.98(0.97;0.99)
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ABSTRACT

Introduction

The Haemophilia Activities List (HAL) was developed to measure activities and
participation in persons with haemophilia (PWH). Shortening the questionnaire may
facilitate use of the HAL.

Aim

The aim of this study was to determine which items of the HAL are redundant, to
construct a shorter version of the HAL, and to determine the construct validity of the
HAL,, ..
Methods

A secondary analysis was performed on pooled data of two published studies using the
HAL (7 domains, 42 items, optimum score: 100) in adults with haemophilia A/B. Data
were divided into a derivation (62%) and a validation set (38%). Redundant items were
identified by evaluation of: floor and ceiling effects, proportions of missing and ‘not
applicable’ responses, inter-item correlations, component loadings in an exploratory
factor analysis, internal consistency, and item-total correlations. Correlations with the
SF-36 and EQ-5D-5L were used to determine construct validity of the HAL .
Results

Data on 680 PWH were evaluated. In the derivation dataset (n=420), median age was
30 years [range 18-80], 43% had severe haemophilia and 61% received prophylaxis.
Median (IQR) HAL sum score was 65.0 (55.7-88.8). The stepwise procedure resulted in
a HAL of 18 items with a median sum score of 63.3 (54.4-86.7). Construct validity

short

was similar for the HAL and HAL, .. in the validation dataset (n=260).

Conclusion
This clinimetric study resulted in a >50% shortening of the HAL. The 18-item HAL
reduces patient burden and is expected to capture the information on activities and

short

participation. The HAL_  needs further validation.

short
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INTRODUCTION

The Haemophilia Activities List (HAL) assesses self-reported limitations in various
activities of daily living, which are relevant to persons with haemophilia (PWH) [1,2]. The
HAL includes 42 items, distributed over seven domains: ‘lying down/sitting/kneeling/
standing’, ‘functions of the legs’, ‘functions of the arms/, ‘use of transportation’, ‘self-
care’,'household tasks' and ‘leisure activities and sports’. The HAL is recommended for
both research purposes and clinical management of patients [3]. The questionnaire
has been developed using patient interviews and classification according to the World
Health Organization (WHO) International Classification of Functioning, Disability and
Health (ICF) [4]. All items belong to the ICF ‘activities and participation’, with ‘activity’
defined as ‘the execution of a task or action by an individual’ and ‘participation’ as
‘involvement in a life situation’ [4].

After introduction of the HAL to clinical care and research in 2004, clinicians
and researchers reported some items to be non-informative [5]. Shortening the
questionnaire may enhance the feasibility of HAL use within the context of multiple
outcome assessments in haemophilia care.

The aim of this study was to determine which items of the HAL are redundant
to construct a shorter version of the HAL for the measurement of activities and
participation in adults with haemophilia. In addition, construct validity of the HAL_, .
was determined in comparison to the SF-36 and EQ-5D-5L.

MATERIALS AND METHODS

Study design and study population

This study was a cross-sectional secondary analysis of pooled data of the Pain, Functional
Impairment, and Quality of Life (P-FIQ) study and Bridging Hemophilia B Experiences,
Results, and Opportunities Into Solutions (B-HERO-S) study, using the HAL in PWH in the
United States [6,7]. The data of the P-FIQ and B-HERO-S studies were shared for this
secondary analysis. Inclusion criteria were PWH A (FVIIl) and B (FIX) of all severities,
aged >18 years. Patients were excluded if >50% of the HAL items were missing, which
results according to the HAL scoring tool in a 'not applicable’ score.
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The data were splitin a derivation (=420, 61.7%) and validation (n=260, 38.2%) dataset.
The derivation set was used to identify non-informative items and the validation set was
used to validate the HAL , _ .
to the original study (P-FIQ vs. B-HERO-S) and treatment regimen and randomly

To achieve equal representation, data were split according

assigned to the derivation and validation dataset in SPPS (version 25, IBM). The sample
size for the stepwise process in the derivation dataset was set on 420 patients, needed
for adequate field testing of measurement instruments and factor analysis [8].

The Medical Research Ethical Committee (MREC) of the University Medical Center
Utrecht approved the study (protocol number 20-650/C).

Measurements

Haemophilia Activities List

The HAL assesses self-reported limitations in activities and participation in PWH.
The questionnaire contains 42 items, distributed over seven domains. Patients score
the items on a 6-point Likert scale (impossible’, ‘always’, ‘mostly’, 'sometimes’, rarely’,
‘never’), with a ‘not applicable (N/A) scoring option for some items. The HAL was
developed according the Classical Test Theory, which implies that the sum, domain and
component scores are a sum of all individual ordinal items of the questionnaire. Domain,
component scores and sum scores are converted to a normalized domain score ranging
from O (worst possible functional abilities) to 100 (best possible functional abilities) in
the scoring tool available at www.vancreveldkliniek.nl. Domain and component scores
were only calculated if >50% of the items of a domain or component were scored on
the 6-point Likert scale. The HAL demonstrates good test-retest reliability with an
intraclass correlation coefficient value >0.90. The average SDC value for the normalized

HAL sum score was 10.2 [9].

SF-36v2

The SF-36v2 measures health related quality of life across 8 domains: physical
functioning, role physical, bodily pain, general health, vitality, social functioning, role
emotional and mental health. In addition, physical and mental health summary scores
are calculated. Scores range from 0 to 100, with higher scores indicating better health
status [10].
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EQ-5D-5L

The EQ-5D-5L measures overall health and covers five dimensions: mobility, self-care,
usual activities, pain/discomfort and anxiety/depression [11]. Each dimension has 5
levels, indicating 1 as 'no problems’ up to 5 as ‘extreme problems’ [12]. In addition, a
100-point Visual Analogue Scale (VAS) records self-rated health on a 20-cm vertical
scale with endpoints labelled as ‘the worst health you can imagine’ at 0 and ‘the best
health you can imagine’ at 100 [12].

Patient characteristics were captured in all datasets. For the present analyses we
extracted and analyzed age at HAL assessment, gender, type of haemophilia (A or B),
severity of the disease (mild [factor VIII/IX activity 0.06-0.40 IU/ml], moderate [factor
VII/IX activity 0.01-0.05 1U/ml] or severe [factor VII/IX activity <0.01 IU/ml]), clotting
factor regimen (prophylaxis yes/no) and inhibitor status (current/former or never).

Statistical analyses

Patient characteristics were presented as proportions or medians (interquartile ranges
[IQR:P25-P75]). In the derivation dataset descriptive analyses (median, IQR, range, mean
and standard deviation [SD]) were performed for the HAL domain, component and sum
scores. Based on reported limits of agreement (LoA) of test-retest data [9], limitations
in activities and participation were defined as <90 points for domain, component and
sum scores. Normality of the data was checked visually using histograms.

Non-informative items were identified in the derivation dataset using a stepwise process
(7 steps) according to the method of de Vet et al. (2011), from the COnsensus-based
Standards for the selection of health Measurement INstruments (COSMIN) initiative
[13]. After each step non-informative items were deleted, before proceeding with the
following step. The 7 steps were described in detail in the Supplementary material and
the publication about shortening the pediatric Haemophilia Activities List (pedHAL) [14].

Step 1 - Floor and ceiling effects: Items with >85% minimum or maximum scores
were removed.

Step 2 - Missing data and scores with ‘N/A’: Items which were scored >15% as ‘missing’
or ‘N/A" were removed.

Step 3 - Inter-item correlations (1): ltems with inter-item correlations of <0.2 and >0.9

were not included in the factor analysis.
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Step 4 - Component loadings of the exploratory factor analysis: Items with factor
loadings <0.5 were removed.

Step 5 - Inter-item correlations (2): Items which had a correlation of >0.7 were
reviewed by IK, KF and JJ and one of the items was removed. Of item-pairs with high
correlation, those with least ‘N/A' responses, most limitations and/or most variation
belonging to ICF domains were manually selected.

Step 6 - Internal consistency: Cronbach’s a should be between 0.7 and 0.9; a higher
Cronbach'’s a after item deletion was considered a reason to eliminate an item.
Step 7 - Item-total correlations: Items with item-total correlations of <0.3 were
removed.

After removing non-informative items, a HAL___ was created. Median (IQR) normalized

short
domain, component and sum scores and percentages of scores <90 points were
calculated for the HAL

scores of the original scoring tool. Scores of the HAL and HAL

similar to the calculation of domain, component and sum

short/
hort WETe compared
with a Wilcoxon signed rank test as the scores were not normally distributed. A Bland
and Altman plot was generated to illustrate the differences between the HAL and
HAL, . sum scores in relation to the mean HAL and HAL_  sum scores. The 95% LoA
(LoA = mean difference HAL_, ~-HAL + 1.96xSD difference HAL_, -HAL) illustrates the
variation in scores [15]. A secondary exploratory factor analysis was performed for the

HAL

short short

<hor LO detect any underlying constructs.

Hypotheses testing with a priori defined correlation thresholds and comparisons
between subscores was performed in the validation dataset to determine the construct
validity of the HAL, _ ..

JN, IK) and reported correlations of the P-FiQ study [16]. Spearman’s correlations were

Hypotheses were defined a priori based on expert opinion (KF,
calculated as the data were not normally distributed or on an ordinal scale. Correlation
coefficients of 0.9 were considered as a very strong correlation, 0.7-0.89 as strong,

0.4-0.69 as moderate, 0.10-0.39 as weak and <0.10 as negligible [17].

SPSS (version 25, IBM) was used for data analyses. Mplus (version 6.12, Muthen &
Muthen) was used for the exploratory factor analysis.
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RESULTS

Patient characteristics

Data from all 381 PWH from the P-FIQ study and 299 PWH from the B-HERO-S study
were included [6,7]. Patient characteristics for the derivation (n=420) and validation
dataset (N=260) were similar and are shown in Table 1. In the derivation dataset, median
age at the time of completing the HAL was 30.0 years (range 18-80). Most patients were
male (88.3%) and a majority of the patients had moderate (36.0%) or severe (41.7%)
haemophilia. Most patients were on prophylaxis (61.0%).

HAL domain, component and sum scores

Domain, component and sum scores of the derivation dataset are shown in Table 2. The
median (IQR) HAL sum score was 65.0 (55.7-88.8), with a range of 11.7 to 100. ‘Positive’
HAL sum scores (<90 points) were observed in 76.0% of participants. For domain scores
the median (IQR) scores were lowest for the ‘sitting/kneeling/standing’ (60.0 [52.5-85.0])
and ‘functions of the legs’ (60.0 [51.1-86.7]). The median score was highest for ‘self-
care’ (88.0 [60.0-100]). For component scores, patients scored lowest on the ‘complex
lower extremity’ component (60.0 [42.5-80.0]) and highest on the ‘upper extremity’
component (77.8 [60.0-93.3]). ‘Not applicable’ domain and component scores were rare,
with <3 'not applicable’ scores in 7/10 domain and components. Most ‘not applicable’

domain scores were reported for ‘use of transport’ in 59/420 (14%).

Table 1. Patient characteristics of the derivation- and validation datasets

Patient characteristics Median (IQR), %
Derivation (n=420) Validation (n=260)
Male 88.3 85.8
Age (years) 30.0(26.0-36.5) 30.0(26.0-41.9)
Haemophilia A 43.6 431
Severity haemophilia
Mild 21.7 173
Moderate 36.0 33.8
Severe 417 48.1
Unknown 0.7 0.8
Prophylaxis 61.0 61.2
Inhibitor (current/former) 9.8 10.8
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Table 2. Domain, component and sum scores of the HAL (derivation set, n=420)

Score  Missing/

<90 NA

Median(IQR) Min Max (%) N
Domains
Lying/sitting/kneeling/standing 60.0 (52.5-85.0) 10.0 100 76.7 2
Functions of the legs 60.0 (51.1-86.7) 0 100 771 1
Functions of the arms 65.0 (60.0-85.0) 0 100 75.2 0
Use of transport 66.7 (53.3-100) 0 100 57.4 59
Self-care 88.0 (60.0-100) 20 100 54.5 0
Household tasks 70.0 (56.7-100) 0 100 62.9 9
Leisure activities and sports 65.4 (54.3-90.0) 57 100 68.1 38
Components
Upper extremity 77.8 (60.0-93.3) 13.3 100 69.0 0
Basic lower extremity 63.3 (56.7-93.3) 0 100 70.5 1
Complex lower extremity 60.0 (42.5-80.0) 0 100 81.6 3
Sum
Sum score 65.0 (55.7-88.8) 1.7 100 76.0 0

Item reduction

The stepwise process to select non-informative items is shown in Table 3. Detailed
information, including frequency tables generated for step 1 and 2, inter-item
correlations of step 3 and 5, factor loading of step 4 and the table with item-total
correlations for step 7 in the item reduction process are shown in the Supplementary
material.

Step 1 - Floor and ceiling effects: Minimum and maximum scores were evaluated for
all items. There was no floor or ceiling effect in any of the HAL items.

Step 2 - Missing data and scores with ‘N/A": There were few missing responses (0-6)
on the items. Missing and/or ‘N/A' responses were scored in >15% of the PWH in 2/3
items of the domain ‘use of transport’, 1/5 items of the domain ‘household tasks’ and
in 1/7 items of the domain ‘leisure activities and sports..

Step 3 - Inter-item correlations (1): 1/9 items of the domain ‘functions of the legs’ was
removed, after evaluating the inter-item correlations (r>0.9). All remaining items were
included in the exploratory factor analysis.
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Step 4 - Component loadings of the exploratory factor analysis: The exploratory
factor analysis suggested no items were eligible for item reduction. A 4-factor model
was selected which included all remaining items and the four factors were identified
as ‘entire body - non-ambulatory activities of daily living’, ‘lower extremity - weight
bearing’, ‘lower extremity - ambulation’ and ‘upper extremity - weight carrying’. The
model fit of the 4-factor model was 0.07 (RMSEA), indicating moderate model fit. The
factor loadings were >0.5.
Step 5 - Inter-item correlations (2): Inter-item correlations were re-evaluated. In the
domain ‘lying/sitting/kneeling/standing' 4/8 items, which had inter-item correlations
>0.7 with other items, were removed. In the domain ‘functions of the legs’ 4/9 items
were removed. The items ‘walking upstairs’ and ‘walking downstairs' had a correlation
of 0.86. The authors decided to remove the item ‘walking downstairs’, which was
scored as less difficult than ‘walking upstairs’ by the participants. In the domain
‘functions of the arms’ 2/4 items were removed. In the domain ‘self-care’ 3/5 items
were removed. In the domain ‘household tasks’ 3/6 items were removed. In the
domain ‘self-care’ 3/7 items were removed.
Step 6 - Internal consistency: The remaining 18 HAL items were strongly related
(Cronbach’s a of 0.96), which indicates redundancy of items. Only complete cases
(n=319, 76.0%) were included in this analysis. The Cronbach’s a after deletion of
separate items was equal or smaller, and therefore did not identify candidate items
for removal. Eventually, the authors decided to keep the remaining 18 items, because
the Cronbach'’s alpha was already lowered by removing the 24 items.
Step 7 - Item-total correlations: All item-total correlations were high (r=0.64-0.81),
thus identifying no candidates for item reduction.
HAL,, . with 18 items
Table 3 shows all items of the HAL_ . The original domain, component and sum
scores of the HAL were calculated for both HAL and HAL ,  and are shown in Table 4.
Eighteen items remained after removing the items (n=24) according to the seven steps.
Most items of the HAL
the domains 'lying/sitting/kneeling/standing’ (n=4) and ‘functions of the legs' (n=4). For
The median (IQR)
sum score was 63.3 (54.4-86.7). The domain, component and sum scores were

All domains were still represented in the HAL belonged to

short. short

the domains 'use of transport’ only one item remained in the HAL
HALShort
statistically different between the HAL and HAL ,  (p<0.05). Figure 1 shows the Bland
and Altman plot for the HAL vs. HAL . sum score, with LoA of -1.2+4.7. The mean (SD)
difference between the HAL and HAL_ __ was 1.2 (2.4) with a range from -5.8 to 10.3.

short”

short
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The differences between the sum scores did not change with increasing mean
HAL sum scores, which was graphically checked. The largest discrepancy in the
proportions of abnormal domain scores (<90) was observed for the domain ‘lying/
sitting/kneeling/ standing’ (HAL: 77.0% vs. HAL,, .: 73.4%) and the component
‘basic lower extremity’ (HAL: 70.6% vs. HAL, .: 68.4%). The vast majority of PWH

(90.1%) who scored =90 on the HAL, scored >90 on the HAL
exploratory factor analysis with the 18-item HAL

The secondary

short”

o FESUlted in a 2-factor model

without good model fit (RSMEA=0.09) and clear underlying constructs could not
be defined. Therefore, the HAL__  generated a single sum score.

Construct validity HAL
The pre-defined hypotheses which were tested to determine construct validity
of the HAL and HAL chor)
and the SF-36v2 and EQ-5D-5L are shown in Table 6. All calculated correlation
coefficients met pre-defined cut-off values for both the HAL and the HAL ,  inthe

short

are shown in Table 5. Correlations between the HAL

short

validation datasets, confirming the hypotheses to determine construct validity.
In addition, ‘basic lower extremity’ component scores were lower than ‘complex

lower extremity’ component scores for both the HAL and HAL , __ (p<0.001).

short
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Shortening the HAL

Table 4. Original domain and sum scores of the HAL and HAL

short

HAL HAL,, .

Median (IQR) jg%o(roz) Median (IQR) jg‘;o{oz)
Domains
Lying/sitting/ kneeling/standing 60.0 (52.5-85.0) 77.0 65.0 (55.0-90.0) 734
Functions of the legs 60.0 (51.1-86.7) 773 60.0 (45.0-85.0) 75.8
Functions of the arms 65.0 (60.0-85.0) 75.2 70.0 (50.0-90.0) 73.8
Use of transport 66.7 (53.3-100) 66.8 80.0 (60.0-100) 65.1
Self-care 88.0 (60.0-100) 54.5 80.0 (60.0-100) 53.3
Household tasks 70.0 (56.7-100) 64.1 70.0 (60.0-100) 64.4
Leisure activities and sports 61.4 (54.3-88.6) 761 60.0 (53.3-80.0) 78.3
Components
Upper extremity 77.8 (60.0-93.3) 69.0 75.0 (60.0-90.0) 68.8
Basic lower extremity 63.3 (56.7-93.3) 70.6 60.0 (50.0-90.0) 68.4
Complex lower extremity 60.0 (42.5-80.0) 81.8 60.0 (45.0-80.0) 791
Sum
Sum score 65.0 (55.7-88.8) 76.0 63.3 (54.4-86.7) 783

Note 1: Only complete cases within each domain were included in the comparison of the HAL scores with

HAL scores.

short

Note 2: Domain and component scores for the HAL

stage of the HAL

short

Table 5. A priori defined hypotheses to determine the construct validity of the HAL

short

short”

short

are for comparison purpose in the developmental
only. Due to the low number of items in some domains and the results of a secondary
exploratory factor analysis, only the sum score should be used for the HAL

Hypotheses - construct validity HAL vs. HAL , . Confirmed
rHAL . — SF36V2 Physical health > r HAL , - SF36v2 Mental health %
rHAL ., basic lower extremity - SF36v2 physical functioning > 0.6 \
rHAL ., cOmplex lower extremity - SF36v2 physical functioning > 0.6 \%
r domain leisure activities and sports HAL , ., - SF36v2 role physical > 0.5 \Y
HAL ., basic lower extremity scores are inferior to complex lower extremity scores \
rHAL ., basic lower extremity - EQ-5D-5L mobility > -0.6 \%
rHAL ., complex lower extremity - EQ-5D-5L mobility > -0.6 \Y
rHAL ., domain household tasks - EQ-5D-5L usual activities > -0.5 \Y
rHAL ., domain leisure activities and sports - EQ-5D-5L usual activities > -0.5 \Y

(short]

r = correlation

HAL: Haemophilia Activities List

133



Chapter 7

Figure 1. Bland Altman plot for the HAL and HAL

Table 6. Spearman correlations between HAL or HAL

Difference HAL sum (HALgpot - HAL)

15

10

-15 I
0O 10 20 30 40 50 60 70 80 90
Mean HAL sum and HALgpot SUM

100

scores in the derivation dataset

short

short

vs. SF-36v2 and EQ-5D-5L for the validation

dataset
EQ5D
EQ5D Q
SF36 PCS SF36 MCS SF36 PF  SF36 RP X usual
mobility Lo
activities
HAL/HAL__ |0.77/077 032/032
sum
s |HAL/HAL, . -0.65 /-0.60
% |HOUSEH
-]
S |HAL/HAL,, 0.59/0.59 -0.60/-0.55
§ LEISPO
s |HAL/HAL,, 0.71/0.69 -0.74 /-0.73
= |LowBAS
HAL/HAL, 0.76/0.74 -0.65 /-0.66
LOWCOMP

HAL: Haemophilia Activities List; HOUSEH: household tasks; LEISPO: leisure activities and sports; LOWBAS:
basic lower extremity; LOWCOMP: complex lower extremity; SF36 PCS: SF-36 Physical component score; SF36
MCS: SF-36 Mental component score; SF36 PF: SF-36 Physical functioning; SF36 RP: SF-36 Role physical.
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DISCUSSION

This study analysed HAL data in PWH with the aim of reducing the 42-item HAL
questionnaire. A stepwise approach resulted ina HAL,,  of 18 items. The items of the
HAL, .. represented all domains of the original HAL. Differences between the original
HAL and HAL
and HAL
physical functioning domain and EQ-5D mobility and usual activities.

sum score were small (LoA: -1.3+4.7). The construct validity of the HAL

short

was good as compared to the SF-36 physical health summary score and

short

Internal and external validity

Data of the P-FIQ study were collected in PWH with a history of joint pain or bleeding
and the B-HERO-S study was an online survey. Therefore, the data may not be
representative for the entire US population. The HAL scores in the current data (median
HAL sum: 65.0) were comparable to HAL scores in PWH from Jamaica (median: 66.1)
and Brazil (weighted mean: 66.4), but lower than HAL scores in PWH from the United
Kingdom (median: 80) and the Netherlands (median: 96) [18-21]. In Sweden, PWH with a
later onset of treatment showed a median HAL sum score of 56, compared to a median
of 98 in PWH with early treatment [22]. Therefore, the HAL
items with ceiling effects when used in populations with less limitations in activities

may still include some

short

and participation.

In addition, some items in the domains ‘self-care’, ‘'household tasks’ and‘leisure activities
and sports'have been reported as inappropriate in Jamaican and Indian studies [5,18].
After the stepwise procedure some of these culturally dependent items were removed,

while others were still included in the HAL, __ (playing games, sports, putting on socks

short
and shoes, going on a holiday active) because the items were appropriate for most
populations [2,19,23-25]. Based on cross-cultural validation studies and the current
study population, the HAL_  includes most relevant and informative items for PWH
with access to intensive treatment [2,19,23,24]. However, as outcome monitoring will
most likely be performed in patients with access to intensive treatment, the external

validity of these findings is expected to be high.

For two items with a high inter-item correlation rephrasing of the question may be
considered. The items ‘walking upstairs’ and ‘walking downstairs" had a high inter-item
correlation of 0.86. ‘Walking upstairs’ was reported by the participants as being slightly

1

more difficult. As both items are about walking stairs, the descriptor ‘walking stairs
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may better capture the activity than choosing one of the two activities. They will be

combined into a new item ‘walking stairs’ for the HAL For calculating the HAL

short” short

from the original HAL, the worst score reported on walking upstairs or downstairs

should be scored as abnormal for the new item ‘walking stairs'.

Like the HAL, the HAL
HAL

difficulty of the separate items. For example, scoring ‘impossible’ on an easy item like

suffers from the limitations of Classical Test Theory. The

short

sum score (0-100) is a sum of the ordinal items and not corrected for the

short

‘sitting down' has the same weight for the sum score as scoring ‘impossible’ on a more

difficult item like running’.

When comparing the HAL and HAL
considered to be similar despite significant p-values, as the variation was well below the

the domain-, component- and sum scores were

short!

smallest detectable change of 10.2. The statistical significance of these small differences
may be attributed to the large sample size [9]. Only for the domain ‘use of transport’
scores of the HAL and HAL_,  differed, because the most difficult item ‘cycling’ was
removed as a result of a high number of ‘N/A’ responses.

Finally, the internal consistency of the HAL Cronbach's a=0.96) is still higher than

the recommended Cronbach’s a between 0.7 and 0.9. As the internal consistency

short (

improved after reduction of the 24 items and there was no clear indication for removing

additional items, it was decided to retain the remaining items.

Comparison with other studies

In contrast to the strong correlations between the HAL (domains) and the SF-36 physical
health summary score and physical functioning domains observed in the present study,
a recent systematic review reported conflicting evidence for construct validity of the
HAL [26]. For example, the HAL correlated strongly with the Impact on Participation and
Autonomy questionnaire and Arthritis Impact Measurement Scale which was reported
in three studies, but correlated only moderately with the SF-36 domain of physical
functioning, reported in one study [26]. The correlations in the current paper may be
higher because the score distributions were better than in the Dutch study which had
high scores on both the HAL and SF-36. The ceiling effects in some populations will
potentially affected the convergent validity of the HAL , .
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Clinical implications and future research

Within a context of multiple outcomes assessments in haemophilia care, a shorter
assessment and an easier way to quantify limitations in activities and participation is
desirable. The shorter version of the HAL includes the most relevant and informative
items for PWH in Western countries. However, before introduction of the HAL_ .

construct validity and reliability of the questionnaire should be established in diverse

populations. The HAL can be derived from the original HAL, which allows for

short
longitudinal studies that use the HAL to switch to the HAL
should be used for the HAL

the HAL

Only the sum score

short”
since some domains only have one or two items in

short’

short”

CONCLUSION

This clinimetric study resulted in a 52% reduction of the number of items in the HAL
following a stepwise procedure of removing items. The short version of the HAL (18
items) is expected to capture the most relevant and informative items on activities and
participation for PWH, represent all domains of the original HAL and result in similar
proportions of abnormal sum scores.
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SUPPLEMEMTARY MATERIAL

Stepwise process to identify non-informative items

Non-informative items were identified in a stepwise process (7 steps) according to the
method of de Vet et al. (2011), from the COnsensus-based Standards for the selection
of health Measurement INstruments (COSMIN) initiative [12]. After each step non-
informative items were deleted, before proceeding with the following step.

1. Floor and ceiling effects: Per item the proportions of each scoring option (impossible’,
‘always’, ‘mostly’, 'sometimes’, ‘rarely’ or 'never’) was determined, excluding the
missing and ‘N/A" scored questions. Proportions of minimum (‘impossible’) and
maximum (‘never’ problems) scores were analyzed to detect floor and ceiling effects.
Items with >85% minimum or maximum scores were removed.

2. Missing data and scores with ‘N/A: The missing data and scores with ‘N/A” were
examined. The authors removed items which were scored >15% as ‘missing’ or ‘N/A'.

3. Inter-item correlations (1): Inter-item correlations were evaluated. Inter-item
correlations calculated with Spearman’s rho <0.2 indicated items which do not
correlate with any of the others and >0.9 indicated item redundancy. This step is a
preparation for the factor analysis in which items with inter-item correlations of <0.2
and >0.9 were not included.

4 Component loadings of the exploratory factor analysis: Component loadings on
exploratory factor analysis were evaluated. ltems were analyzed on categorical level.
Items with factor loadings <0.5 were removed. Model fit was evaluated with the Root
Mean Square Error of Approximation (RMSEA); <0.08 indicates moderate model fit
and <0.05 indicates good model fit.

5. Inter-item correlations (2): Inter-item correlations were evaluated for the second time.
Inter-item correlations calculated with Spearman’s rho >0.7 within one factor were
indicators for item redundancy. ltems which had a correlation of >0.7 were reviewed
by IK, KF and JJ and one of the items was removed. When items had high inter-item
correlations with more than one item, the authors considered which item was most
relevant based on low proportions of ‘N/A' responses, more limitations reported by
PWH and more variation within the HAL domains according the ICF,

6. Internal consistency: Internal consistency calculated with Cronbach’s a and internal
consistency after item deletion were compared. Cronbach’s a should be between
0.7 and 0.9; a higher Cronbach’s a after item deletion was considered a reason to

eliminate an item.

140
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7. ltem-total correlations: Item-total correlations for the pedHAL total score were
evaluated. Item-total correlations were calculated with Spearman’s rho. Items with
item-total correlations of <0.3 were removed.

Supplemental table 1. Frequency tables of all HAL items

Missing and/or Distribution of response options scored (%)

N/A scores (%)

Item
Impossible  Always  Mostly Sometimes Rarely Never

Lying/sitting/kneeling/standing

Sitting down (e.g.on a

: 0.7 0.2 3.1 10.8 29.3 14.9 41.7
chair or couch)
Rising from a chair with

0.2 0.2 2.4 11.0 351 14.8 36.5
armrests
Rising from a chair without
1.0 0.7 4.3 11.8 31.5 19.0 32.7

armrests
Kneeling / squatting 0.7 7.2 11.8 12.7 29.7 14.9 237
Bending forward 1.4 1.0 4.1 9.7 30.4 19.6 353
Kneeling for a longer

; } 0.7 11.5 12.0 12.9 31.7 11.0 209
period of time
Squatting for a longer

) ) 0.5 13.2 13.2 129 29.7 1.5 19.6
period of time
Standing for a longer

) ) 0.5 31 9.3 15.1 356 16.3 20.6
period of time
Functions of the legs
Walking short distances
(less than 1 kilometer / 15 0.5 1.9 6.2 9.3 333 13.9 354
minutes)
Walking long distances
(more than 1 kilometer / 0.7 4.8 8.4 13.4 29.0 141 30.2

15 minutes)

Walking on a soft surface

(e.g. on the beach or 0.2 33 9.1 8.6 289 14.6 35.6
through the woods)

Walking on an uneven

surface (e.g. cobblestones, 0.5 29 11.0 1.2 31.6 151 28.2
high sidewalks)
Strolling / (window-)
shopping

Climbing up the stairs 0.5 2.2 12.4 13.4 31.1 16.5 24.4
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Supplemental table 1. (Continued)

Missing and/or Distribution of response options scored (%)

Item

N/Ascores (%) |mpossible  Always Mostly Sometimes  Rarely  Never
Climbing down the stairs 0.2 2.1 10.7 12.4 325 17.2 251
Running (e.g. in order to
0.2 17.9 12.4 11.9 26.3 11.0 205
catch the bus)
Jumping 0.2 17.4 10.3 134 27.0 131 18.9
Functions of the arms
Lifting heavy objects 6.2 6.0 17.6 333 18.1 18.8
Carrying heavy objects in
55 6.7 129 32.9 21.2 21.0
the arms
Fine hand movements (e.g.
) 0.2 1.0 29 5.0 303 222 39.6
closing buttons)
Reaching above your head
(to pick something up from 0.2 1.2 33 7.9 337 19.6 34.4
a high shelf)
Use of transportation
Riding a bicycle 18.8 8.6 3.6 9.3 24.8 9.3 25.8
Getting in and out of a car 1.4 1.0 7.4 10.7 291 17.4 33.2
Using public
transportation (bus, train, 24.5 1.0 2.9 7.6 255 9.1 29.6
subway)
Self-care
Drying your whole body 0.2 19 9.5 26.7 14.0 47.6
Putting on a shirt, sweater
0.2 0.2 2.1 6.0 251 15.8 50.8
etc.
Putting on sock and shoes 33 79 281 19.8 41.0
Putting on a tie or closing
) 0.7 2.4 7 238 16.0 50.0
the top button of a shirt
Going to the toilet 0.2 17 53 27.0 12.9 53.2
Household tasks
Going out shopping (for
g out shopping { 0.5 0.5 43 79 340 152 376
food, drink etc.)
Washing the dishes,
) ) 2.6 0.5 3.6 10.0 28.6 13.3 41.4
cleaning the sink
Cleaning the house 3.8 0.7 3.8 1.2 315 16.2 329
Other household tasks
o : 5.0 0.2 33 9.1 27.0 19.8 358
(ironing, making the beds)
Doing odd jobs (both in
55 0.7 4.0 7.9 36.7 16.2 29.0
and around the house)
Gardening 171 19 3.6 131 31.0 9.3 24.0
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Supplemental table 1. (Continued)

Missing and/or Distribution of response options scored (%)

N/A scores (%)

[tem

Impossible  Always  Mostly Sometimes Rarely Never

Leisure activities and sports

Playing games (outdoors,

) ) 10.7 3.1 45 131 35.6 10.5 22.7
e.g. with your children)
Sports 12.9 7.4 10.5 1.5 29.8 10.5 17.7

Going out (theatre /
museum / 4.5 0.5 33 6.9 321 15.6 37.6
movie theatre / bar)

Hobbies 2.6 1.0 3.8 7.2 323 181 35.3
Dancing 19.8 53 6.9 9.1 25.8 1.0 22.5
Going on a holiday (active) 14.0 1.7 3.8 8.4 30.8 13.8 277
Going on a holiday

(“passive”; beach-/hotel 14.5 1.2 2.6 6.7 325 14.4 28.5
holiday)

Supplemental table 2. Inter-item correlations per domain

Lying/sitting/kneeling/standing

3. Rising from a chair without armrests
6. Kneeling for a longer period of time
7. Squatting for a longer period of time
8. Standing for a longer period of time

%]
0
o
£
©
=
z 00
= £
© = ke)
S S 3
c © o z
: 5 5 2
s £ P w
00 00 = £
c c 9] ©
= = [} [
= v c [}
n & ~ 0
-~ o~ < [ie}
1. Sitting down 0.77 070 043 0.69 033 031 050
2. Rising from a chair with armrests 0.85 057 071 0.51 051 0.60
3. Rising from a chair without armrests 0.68 068 061 061 0.68
4. Kneeling / squatting 0.59 0.81 0.81 0.70
5. Bending forward 0.52 0.50 0.61
6. Kneeling for a longer period of time 0.88 0.69
7. Squatting for a longer period of time 0.71

8. Standing for a longer period of time
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Supplemental table 2. (Continued)

Functions of the legs

-
c o
0 S 2 g 2
8 $ 2 c < wn ©
c O 5 9 n = »
g 5 2 2 =z 2 9
£ 2 %5 5 § o =
E S 8 c _g E= g
= e8] © © =
g2 5 5 5 2 35 38
0 oo oo oo 2 g0 w0 B0
= < < c £ 5 = £ =
= X x x 3 c e < c
© © © © s = = 5 5
= = = = vl O O & =
-~ o~ ™ < i} © ~ Y o))
1. Walking short distances 0.82 075 0.73 077 071 0.69 0.51 0.46
2. Walking long distances 079 0.80 077 074 0.72 0.65 0.62
3. Walking on a soft surface 0.83 073 0.72 0.74 0.64 0.63
4. Walking on an uneven surface 0.76 074 0.76 0.68 0.66
5. Strolling / (window-)shopping 0.73 071 0.56 0.56
6. Climbing up the stairs 0.86 0.68 0.68
7. Climbing down the stairs 0.70 0.70
8. Running 0.91
9. Jumping
Functions of the arms
%]
IS
©
[}
S
= 3
] % £
B ] E‘ -
S =z 3 %
> 3 & 29
15 = © 00
< £ 5 =
S T @ 3
= © c Q
)} ) [ o
~ o~ %) <
1. Lifting heavy objects 0.85 0.50 0.62
2. Carrying heavy objects in the arms 044 0.59
3. Fine hand movements 0.72

4. Reaching above your head
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Supplemental table 2. (Continued)

Self-care
o
. =
= ©
et =
@ o 00
> © o <
e ] < w0
o B3 v O
o n E O
5 £ & o5 3
< c o] @ o
= »w o = =
- © wn © [}
> c c c S
3 ] o o o
00 oo [e14] oo +
s £ 5 5 2
> 5 5 5 ©
[a) o o o )
-~ o~ ™ <~ [fs}
1. Drying your whole body 0.88 0.78 0.80 0.82
2. Putting on a shirt, sweater etc. 0.76 0.80 0.81
3. Putting on sock and shoes 0.70 0.71
4. Putting on a tie or closing the top ... 0.79
5. Going to the toilet
Household tasks
e
£
%]
[}
s
oo
C
c
©
[} %)
© =
g5 g £
g 2 23 5
o © ~ c o)
c ) ] 9] o
L s £ 5 T
3 @ » 2 3
00 = c o 00
s 83 & £ 5
O} = O O o
-~ o~ ™ < [is}
1. Going out shopping 0.84 082 0.82 0.80
2. Washing the dishes, cleaning the sink 0.84 0.85 0.77
3. Cleaning the house 0.83 0.83
4. Other household tasks 0.81

5. Doing odd jobs
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Supplemental table 2. (Continued)

Leisure activities and sports

— )
@] =
= 0
- %]
[} ©
o =
)
% 3 3
<l <
5 5 © m
®» . 3 ¢ & &
[« + o0 o) 00 (oY)
= S £ a £ =
o a o [ o o
a wn (U] T O (U]
— o~ ™ < © ~
1. Playing games 0.69 0.67 0.71 077 071
2.Sports 0.52 0.57 059 0.55
3. Going out 0.79 0.81 0.82
4. Hobbies 0.74 0.77
6. Going on a holiday (active) 0.86

7. Going on a holiday (passive)
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Supplemental table 3. Exploratory factor analysis - step 4

1%
QL
s 5 5 5
o = & = 2 oo
c © £ o0 = &
L2 g = g c g >
g 5 = S g o £ &
©m > v ¢ & ez
£33 ¢» &3 8=
585 2% S § 5t
Lying/sitting/kneeling/standing
Sitting down (e.g. on a chair or couch) 0.732 0.269 0.312 0.032
Rising from a chair with armrests 0.661 0.541 0.281 0.013
Rising from a chair without armrests 0.535 0.644 0.348 0.040
Kneeling / squatting 0.234 0.833 0.262 0.104
Bending forward 0.591 0.461 0.263 0.181
Kneeling for a longer period of time 0.188 0.902 0.171 0.175
Squatting for a longer period of time 0.146 0.903 0.210 0.178
Standing for a longer period of time 0.282 0.651 0.455 0.195
Functions of the legs
Walking short distances (less than 1 kilometer / 15 0.481 0.352 0.680 0.046
minutes)
Walking long distances (more than 1 kilometer / 15 0.386 0.475 0.671 0.120
minutes)
Walking on a soft surface (e.g. on the beach or through ~ 0.329 0.489 0.687 0.088
the woods)
Walking on an uneven surface (e.g. cobblestones, high 0.283 0.515 0.697 0.127
sidewalks)
Strolling / (window-)shopping 0.464 0.378 0.627 0.185
Climbing up the stairs 0.342 0.575 0.610 0.130
Climbing down the stairs 0.317 0.574 0.624 0.121
Running (e.g. in order to catch the bus) 0.083 0.676 0.485 0.290
Functions of the arms
Lifting heavy objects 0.433 0.344 0.243 0.734
Carrying heavy objects in the arms 0.334 0.393 0.243 0.758
Fine hand movements (e.g. closing buttons) 0.774 0.189 0.126 0.193
Reaching above your head (to pick something up from 0.693 0.294 0.179 0.300
a high shelf)
Use of transport
Gettingin and out of a car 0.717 0.358 0.358 0.125
Self-care
Drying your whole body 0.886 0.148 0.199 0.126
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Supplemental table 3. (Continued)

g
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Putting on a shirt, sweater etc. 0.891 0.144 0.166 0.088
Putting on sock and shoes 0.775 0.314 0.218 0.059
Putting on a tie or closing the top button of a shirt 0.821 0.142 0.130 0.134
Going to the toilet 0.848 0.106 0.191 0.053
Household tasks
Going out shopping (for food, drink etc.) 0.724 0.217 0.508 0.144
Washing the dishes, cleaning the sink 0.793 0.118 0.403 0.195
Cleaning the house 0.706 0.225 0.455 0.286
Other household tasks (ironing, making the beds) 0.718 0.216 0.412 0.274
Doing odd jobs (both in and around the house) 0.651 0.277 0.452 0.278
Leisure activities and sports
Playing games (outdoors, e.g. with your children) 0.446 0.421 0.563 0.278
Sports 0.185 0.547 0.548 0.331
Going out (theatre / museum / movie theatre / bar) 0.700 0.192 0.488 0.209
Hobbies 0.635 0.247 0.493 0174
Going on a holiday (active) 0.554 0.236 0.605 0.318
Going on a holiday (“passive”; beach-/hotel holiday) 0.631 0.192 0.577 0.284

Interpretation: Four factors were identified in the factor analysis. The grey highlighted factor loadings shows
to which factor the items were allocated. The highest factor loading of each factor was shown in bold.
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Shortening the HAL

Supplemental table 4. [tem-total correlations

Item

item-total correlation, r

Lying/sitting/kneeling/standing

Sitting down (e.g. on a chair or couch) 0.697
Rising from a chair without armrests 0.804
Bending forward 0.731
Squatting for a longer period of time 0.635
Functions of the legs

Walking long distances (more than 1 kilometer / 15 minutes) 0.815
Walking on an uneven surface (e.g. cobblestones, high sidewalks) 0.788
Climbing up the stairs 0.795
Running (e.g. in order to catch the bus) 0.662
Functions of the arms

Lifting heavy objects 0.687
Reaching above your head (to pick something up from a high shelf) 0.686
Use of transport

Getting in and out of the car 0.813
Self-care

Drying your whole body 0.674
Putting on sock and shoes 0.722
Household tasks

Cleaning the house 0.806
Doing odd jobs (both in and around the house) 0.804
Leisure activities and sports

Playing games (outdoors, e.g. with your children) 0.809
Sports 0.710
Going on a holiday (active) 0.805
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ABSTRACT

Background

Legacy haemophilia-specific outcome measures are considered too long, show floor-/
ceiling effects, and/or include irrelevant questions. Patient Reported Outcomes
Measurement Information System (PROMIS®) item banks, including Computer Adaptive

Tests (CATs) and short forms, were designed for more efficient outcome assessment.

Objectives
Evaluate the feasibility, measurement properties and relevance of seven PROMIS CATs
and two short forms in persons with haemophilia (PWH).

Patients/methods

In this cross-sectional study Dutch adult PWH completed nine PROMIS item banks
electronically. Feasibility was assessed by number of items and floor-/ceiling effects.
Reliability was determined as the proportion of reliable scores (standard error
<3.2). Construct validity was assessed by comparison with legacy instruments and
expected differences between subgroups. Relevance of item banks was determined
by proportions of limited scores.

Results

Overall, 142/373 of invited PWH (mean age 47 [range 18-79], 49% severe haemophilia,
46% receiving prophylaxis) responded. Per CAT-item bank, mean number of items
answered varied from 5 (range 3-12) to 9 (range 5-12), with floor effects in ‘pain
interference’ (26% lowest scores) and ‘depression’ (18% lowest scores). Construct validity
and reliability in PWH were good for ‘physical function’, ‘pain interference’, ‘satisfaction
with social roles and activities’ and ‘fatigue’. The CAT ‘physical function’ showed most
limited scores (38%). The self-efficacy short forms showed ceiling effects (22-28%) and

no relation with the legacy instruments.

Conclusions
The PROMIS CATs ‘physical function’, ‘pain interference’, ‘'satisfaction with social
roles and activities' and ‘fatigue’ are feasible, reliable and valid alternatives to legacy

instruments for PWH, with few items and low floor-/ceiling effects.
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INTRODUCTION

Clinical management and therapeutic options for haemophilia have greatly improved the
last decades in resource rich countries. From prophylactic clotting factor replacement
therapy to prevent bleeding [1], introduced in the Netherlands in 1968, to current
ongoing haemophilia gene therapy trials [2] and upcoming non-replacement therapy
development and implementation since 2017 [3]. Logically, outcome has also improved
from reduced life expectancy and development of painful crippling arthropathy at an
early age to a near-normal life expectancy and participation in contact sports [4,5].
Currently, comprehensive care with a focus on physical and psychosocial health is
standard care [1]. Appropriate Patient Reported Outcomes (PROs) are essential to
evaluate these and novel interventions in individual patients and should cover the wide
range of consequences of haemophilia [6].

Patient Reported Outcomes Measurement Information System (PROMIS®) is a set of
universal, person centred item banks that evaluates and monitors physical, mental, and
social health in adults and children [7]. Other than Classical Test Theory (CTT) based
legacy instruments like the Haemophilia Activities List (HAL) and RAND-36, PROMIS
item banks were developed according the Item Response Theory (IRT). An important
advantage of IRT is the application of Computer Adaptive Testing (CAT), where the next
item presented to the patient depends on the response to earlier items and therefore it
is not necessary to answer all items of the Patient Reported Outcome Measure (PROM).
This system lowers the burden of outcome assessment by administering a limited
number of more relevant questions with a higher reliability [8]. For example, the HAL
contains 42 items versus a mean of 4-6 PROMIS physical functioning CAT items [9].
When CATs are not available or IT facilities and budget are limited, static PROMIS short
forms with a selection of items are a reliable alternative [10]. An additional advantage
is that PROMIS item banks are generic and patients do not need to complete different
questionnaires for every comorbidity, resulting in a lower burden for the patient. This
aspect is increasingly relevant to persons with haemophilia (PWH) who experience
an increasing life expectancy and as a result acquire more comorbidities associated
with ageing [5]. Furthermore, the occurrence of floor- and ceiling effects, a frequent
limitation of the HAL and SF-36, are minimalized in PROMIS item banks based on item
selection over the whole score range [9,11-14]. A large set of PROMIS item banks has
been translated and validated in the Dutch general population and several patient
populations [15-18]. However, PROMIS item banks have not yet been validated in adult
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PWH and were to date seldomly applied in haemophilia research projects [19-21].
Therefore, this study aimed to evaluate (1) feasibility, (2) measurement properties and (3)
relevance of nine PROMIS CATs and short forms for Dutch adult PWH. We hypothesized
that PROMIS CATs and SFs are feasible alternatives to legacy instruments for PWH.

MATERIALS AND METHODS

Study design and study population

This study was a cross-sectional multicenter study in three Dutch Haemophilia
Treatment Centers (HTCs): Van Creveldkliniek in Utrecht, Amsterdam University
Medical Center in Amsterdam, and Erasmus University Medical Center in Rotterdam.
Data collection occurred from December 2020 to February 2021 in adult PWH who
participated in the Hemophilia in the Netherlands-6 (HiN-6) nationwide survey study,
for which PWH were invited from June 2018 until July 2019, and gave permission to be
contacted for follow-up studies [22]. Inclusion criteria were mild to severe haemophilia
Aor Band >18 years at HiN-6 assessment. Exclusion criteria were relevant self-reported
changes in health between HiN-6 and PROMIS assessment. Relevant changes were
defined as: started or stopped with prophylactic treatment, started with emicizumab
or gene therapy, changes in health status like stroke or major bleeds with remaining
complaints, joint surgery and other major surgeries. PWH were invited by email and
received a personal link to the research website to sign online informed consent and
to complete PROMIS questionnaires. PWH were informed about the project by the
Netherlands Haemophilia Patient Society (NVHP). A sample size of =100 has been
recommended for a validation study [23].

Patient characteristics and data from five legacy questionnaires (HAL, RAND-36,
Haemophilia & Exercise Project-Test-Questionnaire [HEP-test-QJ, Validated Haemophilia
Regimen Treatment Adherence Scale - Prophylaxis [VERITAS-Pro], Patient Activation
Measure-13 [PAM-13]) were extracted from the HiN-6 study.

The Medical Research Ethical Committee (MREC) of the University Medical Center
Utrecht reviewed the study (protocol number 20-691/C).
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Measurements

PROMIS item banks

Nine Dutch PROMIS item banks were selected by nine members of the ‘PROMIS in
haemophilia care’ workgroup (IK, MT, LV, MP, SG, MHC, LH, KF, MH), including physicians,
physical therapists and psychologists. Seven item banks were assessed as CAT: V1.2
- 'physical function’, V1.1 - ‘pain interference’, V1.0 - ‘depression’, V1.0 - ‘anxiety’, V2.0
- ‘ability to participate in social roles and activities’ (participation), V2.0 - ‘satisfaction
with social roles and activities’ (satisfaction with participation) and V1.0 - 'fatigue’
[15]. For two items banks no CAT was available, these were assessed as short form
with 8 questions: V1.0 - ‘self-efficacy for managing medications and treatment’ (self-
efficacy medications) and V1.0 - ‘self-efficacy for managing symptoms' (self-efficacy
symptoms). All item banks use a 5-point Likert scale. The CATs automatically stopped
when the standard error (SE) was <2.2 (95% reliability) and/or a maximum of 12 items
was administered. PROMIS total scores are calculated by transforming the item-scores
into T-scores, based on US population data, with a mean of 50 and a SD of 10. For all
item banks, higher scores represent more presence of the construct (e.g., more pain
interference or better physical function). The scores of the short forms were calculated
in the PROMIS Assessment Center Scoring Service. All items banks cover a seven-day
recall period, except from the ‘physical function’ and ‘participation’ which do not use a
recall period and the self-efficacy item banks which ask the current level of confidence.

Legacy instruments from HiN-6

The HAL is a validated instrument for assessment of self-reported limitations in activities
and participation in PWH. It contains 42 items, distributed over seven domains ('lying
down/sitting/kneeling/standing’, ‘functions of the legs’, ‘functions of the arms’, ‘use of
transportation’, 'self-care’, 'household tasks’ and ‘leisure activities and sports'). Patients
score the items on a 6-point Likert scale (impossible’, ‘always’, ‘mostly’, ‘sometimes’,
‘rarely’, ‘never’), with a ‘not applicable (N/A)' scoring option for some items. Domain
scores, component scores and sum scores are converted to a normalized domain score
ranging from O (worst possible functional abilities) to 100 (best possible functional
abilities). Domain and component scores were only calculated if a minimum of 50%
of items of a domain or component were scored on the 6-point Likert scale. The HAL
utilizes a recall period of one month [24,25]. The internal consistency of the HAL was
high (Cronbach’s a 0.97-0.98) [24,26].



Chapter 8

The RAND-36 measures health related quality of life across 8 domains (‘physical
functioning’, ‘role limitations due to physical health problems’, ‘bodily pain’, ‘general
health’, ‘energy/fatigue’, ‘social functioning’, ‘role limitations due to emotional health
problems’ and ‘emotional well-being’) and construct validity has been studied in PWH
[27]. In 6/8 domains patients score the items on a 3- to 6-point Likert scale and in 2/8
domains patients score ‘yes' or 'no’. Scores range from 0 to 100, with higher scores
indicating better health status. The recall period varies from ‘at this moment’ to ‘the
last four weeks' [28,29]. The internal consistency of the RAND-36 was high (Cronbach’s
a 0.78-0.95) [30].

The HEP-test-Q is a validated questionnaire for the assessment of subjective physical
performance in PWH. The HEP-test-Q consists of 25 items pertaining to four domains
('mobility’, ‘'strength & coordination’, ‘endurance’ and ‘body perception’). The response
options are a 5-point Likert scale (‘never’ to ‘always’). Subscales and the total score were
transformed to a scale ranging from 0 to 100 with high scores indicating better physical
performance. The HEP-test-Q utilized a recall period of four weeks, except from two
items assessing physical activity ‘at this moment’ and ‘compared to the last year' [31].
The internal consistency of the HEP-test-Q was high (Cronbach’s a 0.96) [31].

The VERITAS-Pro is a validated questionnaire for the assessment of prophylactic
treatment adherence in PWH. The 24-items questionnaire consists of six subscales
(‘time’, 'dose’, ‘plan’, remember’, ‘skip’, ‘communicate’). The response options were a
5-point Likert scale (‘always' to ‘never’). The score ranges from 100 to 0 and an optimum
score of 0. The VERITAS-Pro has a recall period of three months [32]. The VERITAS-Pro
was only available for patients on prophylactic treatment. The internal consistency of
the VERITAS-Pro was high (Cronbach’s a 0.92) [32].

The PAM-13 measures patient knowledge, skills, and confidence for self-management.
All 13 items have five possible responses with scores ranging from 1 (‘disagree strongly’)
to 4 (‘agree strongly’) or 0 (‘not applicable’). The PAM-13 has a calibrated scale range
from 38.6 to 53.0 (on a theoretical 0-100 point scale, with 100 as the optimum score).
The PAM-13 does not specify a recall period [33,34]. In the general population, internal
consistency of the PAM-13 was high (Cronbach'’s a 0.88) [34].
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Patient characteristics

Patient characteristics analyzed included age at HiN-6 participation, type of haemophilia
(A or B), severity of the disease (mild [factor VIII/IX activity 0.06 - 0.40 IU/ml], moderate
[factor VIII/IX activity 0.01 - 0.05 1U/ml] or severe [factor VIII/IX activity <0.01 U/
ml]), clotting factor regimens (prophylaxis yes/no), inhibitor status (current/former/
never) and comorbidities (HIV yes/no, Hepatitis C current/past/unknown and other
comorbidities).

Statistical analyses

SPSS (version 25, IBM) was used for data analyses. Complete case analyses were
performed in case of missing data. Patient characteristics were presented as
proportions or means (standard deviation [SD]).

1. Feasibility

To determine the feasibility of PROMIS CATs and short forms, floor- and ceiling effects
were evaluated. Floor effects were defined as >15% of the patients reported the lowest
possible score and ceiling effects were defined as >15% reported the highest possible
score [35]. In addition, for the CATs the number of items (mean [SD], range) completed
by PWH were evaluated. For the legacy instruments, floor- and ceiling effects were
evaluated and number of items described. Both the floor- and ceiling effects and
number of items were compared between the PROMIS item banks and the legacy
instruments. Data on time to administer the legacy instruments and PROMIS CATs and
short forms was not available.

2. Measurement properties - construct validity and reliability

Construct validity was studied by testing hypotheses regarding the relationship
of PROMIS items banks with the legacy instruments (convergent validity) as well as
regarding expected differences between subgroups (known-group validity). Hypotheses
were defined a priori based on literature [13,14,31,36-39] and expert opinion (KF, MT,
MP, MC, SG, MHC, MK) and are presented in supplementary material.

To test hypotheses regarding convergent validity, correlations between PROMIS items
banks and the legacy instruments were calculated. Spearman’s correlations were
calculated because some data showed skewed distributions. Correlation coefficients
of 0.9 were considered as a very strong correlation, 0.7-0.89 as strong, 0.4-0.69 as
moderate, 0.10-0.39 as weak and <0.10 as negligible [40].
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To test the hypotheses regarding known-group validity, differences in PROMIS
T-scores between a priori defined groups (severe vs. non-severe [mild and moderate]
haemophilia and young adults [18-29 years] vs. adults [>30 years]) were tested with

unpaired T-tests.

The reliability of the CATs was evaluated by calculating the proportion of T-scores with
an SE <3.2. In IRT, the reliability varies across levels of the measured construct and is
shown as the SE. An SE of <3.2 signifies a reliability of 90%, which has been considered
a minimum requirement for use of PROMs in individual patients [41]. This SE cut-off
point deviates from the stopping rule of <2.2 as described for the PROMIS CATs. To
assess reliability of the legacy instruments of the PWH, internal consistency estimates
(Cronbach'’s a) were calculated.

3. Relevance

To determine which items banks were relevant to adult PWH, descriptive analyses (mean
T-scores and standard deviation [SD], range) were performed for the PROMIS item
banks. For the PROMIS CATs ‘pain interference’, ‘physical function’, 'depression’, ‘anxiety’,
‘participation’ and 'fatigue’ T-scores were categorized in the following categories: within
normal limits, mildly- (0.5SD), moderately (1SD), or severely (2SD) deviant. Reference
data from the general Dutch male population were used to determine the score cut-off
points for these six PROMIS item banks, according data from the Dutch-Flemish PROMIS
National center (personal communication CB Terwee, April 29, 2021). In the general
population, 84.1% scored within normal limits or the mildly deviant categories. For
the PROMIS CAT ‘satisfaction with participation’ and PROMIS short forms ‘self-efficacy
medications’ and 'self-efficacy symptoms’ T-scores were categorized in very high (+2SD),
high (+1SD), average, low (-1SD) and very low (-2SD) of the construct being measured. In
absence of Dutch reference data, score cut-off values from the general US population
were used to categorize these three PROMIS scores. For these short forms, 84.1% of
the general population scored within the average, high or very high categories. [42].

Finally, a synthesis of the results on feasibility, measurement properties and relevance
was generated.
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RESULTS

Patient characteristics

In total, 373 adult PWH were invited to participate in the study, 162 PWH signed
informed consent, but six did not proceed to answer the questionnaires and 14
reported relevant changes in their health status since participating in the HiN-6 study
and were therefore excluded. Eventually, 142 adult PWH were included and started
to complete the PROMIS item banks resulting in a response rate of 38%. Of these
142 PWH, 133 (94%) completed all nine PROMIS item banks. Patient characteristics
are shown in Table 1. The median age was 47.3 years (range 18 to 79) and 49% had
severe haemophilia. One-third (34%) of the PWH reported no comorbidities. Most
common reported comorbidities were hepatitis C (51%), hypertension (20%), HIV (8%),
hypercholesterolemia (8%) and cancer (7%). The mean (SD) time between the data
collection for the HiN-6 study (legacy instruments) and the current study (PROMIS item
banks) was 2.2 (+0.3) years and varied from 1.0 to 2.6 years.

Table 1. Patient characteristics

Patient characteristics (n=142) Mean (SD) or %
Age (years) 47.3 (17.1)
Haemophilia A 86.5
Severity haemophilia

Mild 331

Moderate 18.3

Severe 48.6
Prophylaxis 45.8
Inhibitor

Current 2.1

Former 8.5

Comorbidities

No comorbidities 34.7
HIV-positive 7.7
Hepatitis-C
Current 1.4
Former 49.3
Unknown 0.7
Other comorbidities
1 22.5
>1 20.4
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PROMIS items banks and legacy instruments

1. Feasibility

Table 2 presents data on feasibility of the nine Dutch PROMIS item banks. The mean
number of questions answered per CAT item bank varied from 5.2 (range 3-12) for
‘satisfaction with participation’ to 8.7 (range 5-12) for ‘anxiety’. In total, the legacy
instruments contained 141 items and the mean total number of PROMIS items
completed was 57 (+13). Details on the number of items for the legacy instruments are
shown in the Supplementary material.

Table 2. Feasibility and reliability of the PROMIS CATs and short forms: floor- and ceiling effects and
numbers of items completed

PROMIS item bank Floor Ceiling Number of items Reliability (SE<3.2) n

% % Mean (SD) min max %

Computer Adapted Tests (CATSs)

Physical function - 0.7 6.0 3.5 3 12 951 142
Pain interference 261 - 6.1 4.2 3 12 73.9 142
Depression 17.6 - 86 32 5 12 82.4 142
Anxiety 1.4 - 87 27 5 12 87.1 140
fg!:ﬁ;%iiﬁ'ﬁ'f:ste nsocal g4 64 29 3 12 90.6 139
jizi‘zzz‘il?'th socalroles 55 55 24 3 12 97.8 139
Fatigue 2.2 - 6.4 25 4 12 100.0 138
Short Forms

Self-efficacy medications 15 278 43.6 133
Self-efficacy symptoms 0.7 22.4 70.1 134

CATs: Computer Adaptive Tests, PROMIS: Patient Reported Outcomes Measurement Information System, SD:
standard deviation, SE: standard error, self-efficacy medications: self-efficacy for managing medications and
treatment, self-efficacy symptoms: self-efficacy for managing symptoms.

Floor effects were observed in two PROMIS item banks; in the CATs ‘pain interference’
(26% minimum scores) and ‘depression’ (18% minimum scores). PWH had to administer
the maximum of 12 CAT items when reporting minimum scores. Ceiling effects were
observed in two PROMIS item banks; in the short forms ‘self-efficacy medications’ (28%
maximum scores) and ‘self-efficacy symptoms’ (22% maximum scores). Details on the
proportions of lowest and highest scores for the legacy instruments are shown in
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the Supplementary material. Ceiling effects were observed for the RAND-36 domains
‘physical functioning’ (26%), ‘social functioning’ (49%), ‘pain’ (28%) and ‘role limitations
due to physical health problems’ (64%) and for the HAL sum score (22%). Floor effects
were observed for the VERITAS-Pro domains 'time’ (20%) and ‘remember’ (22 %).

2. Measurement properties - construct validity and reliability

Results of construct validity and hypotheses testing of the PROMIS item banks compared
to legacy instruments are shown in Table 3. For PROMIS CATs ‘physical function’ and ‘pain
interference’ correlations with the legacy instruments were strong and met the predefined
criteria for convergent validity. For the PROMIS CAT ‘satisfaction with participation’
correlations were moderate and met the predefined criteria for convergent validity. The
correlation between the PROMIS CAT ‘fatigue’ and the RAND-36 ‘energy/fatigue’ was -0.59,
which was almost consistent with the hypothesis (r > -0.6) and considered as confirmed
by the authors. The correlations between PROMIS CATs ‘depression’ and ‘anxiety’, and the
RAND-36 ‘emotional well-being’ domain were moderate and did not meet the predefined
criteria (r > -0.6). The correlations between the PROMIS CAT ‘participation’ and the legacy
instruments RAND-36 ‘social functioning’, RAND-36 role limitations due to physical health
problems’and the HAL complex lower extremity component were weak to moderate and
did not meet the predefined criteria (r > 0.6).

The correlation between the PROMIS short form ‘self-efficacy symptoms’ and
PAM-13 was weak and the correlations between the PROMIS short form 'self-efficacy
medications’ and VERITAS-Pro Time and Remember scales were negligible and did not
meet the predefined criteria (r > 0.4).

The hypotheses regarding expected differences between subgroups were confirmed for
the PROMIS CATs ‘physical function’ and ‘participation’ (Figure 1 and Table 3). Compared
to patients with severe haemophilia, patients with non-severe haemophilia had better
physical function (53.0 vs. 45.0, p<0.007) and better ability to participate in social roles
and activities (54.4 vs. 50.5, p<0.001). Compared to PWH >30 years, PWH aged 18-29
years had better physical function than (57.9 vs. 46.4, p<0.001) and better ability to
participate in social roles and activities (56.3 vs. 51.3, p<0.001). For PROMIS ‘physical
function’ the minimal important change is 2 to 8 and the differences were considered
to be clinically relevant [43]. For PROMIS ‘participation’ data on the minimal important
change were not available.
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Table 3. Predefined hypotheses and results of validity testing according to PROMIS item banks show
that convergent validity was confirmed for the PROMIS CATs ‘physical function’, ‘pain interference’ and
‘satisfaction with social roles and activities’ and known-group validity was confirmed for the PROMIS
CATs ‘physical function’ and ‘ability to participate in social roles and activities’

Predefined Spearman’s Confirmed

PROMIS item bank Legacy instrument
! gacyl “ correlation correlation (Yes/N)

RAND-36 Physical functioning >0.6 0.85 Yes
Physical function HAL >04 0.84 Yes

HEP-test-Q >0.6 0.81 Yes
Pain interference RAND-36 Pain >-0.6 =72 Yes
Depression RAND-36 Emotional well-being >-0.6 -52 N
Anxiety RAND-36 Emotional well-being >-0.6 -46 N

RAND-36 Social functioning >0.6 0.39 N

Ability t ticipat

) ! y O participate RAND-36 Role limitations due to

in social roles and ) >0.6 0.44 N
physical health problems

activities
HAL complex lower extremity >0.6 0.44 N

Satisfaction with
social roles and RAND-36 Social functioning >04 0.46 Yes
activities
Fatigue RAND-36 Energy/fatigue >-0.6 -.59 N
Self-efficacy VERITAS-Pro Time >-0.4 -.08 N
medications VERITAS-Pro Remember >-04 0.01 N
Self-effi

eretiicacy PAM-13 >0.4 0.37 N

symptoms

PROMIS item bank Differences between:

Severe and non-severe haemophilia

Physical function Yes
Y Young adults (18-29 years) and adults (=30 years)

Ability to participate

) y P P Severe and non-severe haemophilia

in social roles and Yes

Young adults (18-29 years) and adults (>30 years
activities ung adults ( y ) ults y )

Note: in the non-severe categories all persons with mild and moderate haemophilia were included.

HAL: Haemophilia Activities List, HEP-test-Q: Haemophilia & Exercise Project-Test-Questionnaire, PAM-13:
Patient Activation Measure-13, PROMIS: Patient Reported Outcomes Measurement Information System, self-
efficacy medications: self-efficacy for managing medications and treatment, self-efficacy symptoms: self-
efficacy for managing symptoms, VERITAS-Pro: Validated Haemophilia Regimen Treatment Adherence Scale
- Prophylaxis.
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The reliability varied between the different PROMIS item banks (Table 2). For all PROMIS
CATs and short forms >70% of the T-scores was reliable (SE <3.2, 90% reliable), except
for the PROMIS short form ‘self-efficacy medications’ (44%). The internal consistency of
the legacy instruments was good with Cronbach’s a between 0.76 and 0.97. Details on
the internal consistency for the legacy instruments are shown in the Supplementary
material.

3. Relevance

Table 4 presents the T-scores for the PROMIS item banks. In addition, Figure 2 and
Figure 3 show the distribution of the scores according to the score cut-off values.
The PROMIS CAT ‘physical function’ (38%) was most frequently scored as limited and
adult PWH reported lower scores than the general Dutch male population for ‘physical
function’. For all other PROMIS item banks adult PWH scored similar or better, compared
to the general population.

Synthesis of results on feasibility, measurement properties and
relevance

Table 5 presents a synthesis of the results on feasibility, measurement properties and
relevance for the item banks. The number of items for the PROMIS CATs was lower than
the entire legacy instruments, but on domain level the number of items was similar or
higher, except for the PROMIS CAT ‘physical function’. Minimum and maximum scores
occurred equally or less frequent in the PROMIS CATs than in the legacy instruments,
except for the PROMIS CAT ‘depression’. Convergent validity of the PROMIS CATs ‘physical
function’, ‘pain interference’, ‘satisfaction with participation’ and ‘fatigue’ was confirmed
by hypothesis testing. Convergent validity of the PROMIS CATs ‘depression’, ‘anxiety’ and
‘participation’ was, in this study, not confirmed. For the PROMIS CAT ‘participation’ as
well as ‘physical function’, known-group validity was confirmed, as both were able to
discriminate between different age- and severity categories. The reliability of the CATs
was good. The PROMIS CAT ‘physical function’ was considered to be most relevant
for adult PWH, as most limitations were reported in this domain. The PROMIS short
form ‘self-efficacy symptoms’ was reliable and shorter than the PAM-13, but showed
a considerable ceiling effect and convergent validity was not confirmed. The PROMIS
short form ‘self-efficacy medications’ was not a feasible and reliable alternative to the
VERITAS-Pro and measured a different construct.
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Figure 1. T-scores on the PROMIS CAT (a) ‘physical function’ and (b) ‘ability to participate in social roles
and activities’ according to age and hemophilia severity.

The blue lines shows the mean score of the general adult Dutch male population on the PROMIS CAT
‘physical function’ (50.9) and ‘ability to participate in social roles and activities’ (51.2).
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Table 4. T-scores on the PROMIS CATs and short forms

PROMIS item bank PROMIS T-score n

Mean (SD) min max

Computer Adapted Tests (CATSs)

Physical function 491 9.5 26.0 69.2 142
Pain interference 51.0 7.7 41.0 70.2 142
Depression 47.3 7.5 371 68.9 142
Anxiety 47.8 7.7 359 79.7 140
Ability to participate in social roles and activities 52.5 8.2 34.7 64.9 139
Satisfaction with social roles and activities 50.0 7.2 293 65.7 139
Fatigue 46.9 9.2 28.8 74.2 138
Short forms

Self-efficacy medications 499 9.5 19.0 60.6 133
Self-efficacy symptoms 51.8 8.7 23.2 63.5 134

Interpretation: PROMIS total scores are calculated by transforming the item-scores into T scores with 50 (based
on the US population mean) with a SD of 10. For all item banks, higher scores represent more of the construct
(e.g., more pain interference or better physical function).
CATs: computer adaptive tests; PROMIS: Patient Reported Outcomes Measurement Information System, SD:
standard deviation, self-efficacy medications: self-efficacy for managing medications and treatment, self-
efficacy symptoms: self-efficacy for managing symptoms.
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Physical function

Pain interference

Depression

Anxiety

Ability to participate in social roles and activities

Fatigue

0 20 40 60 80 100
W Within normal limits
m Mild symptoms/limitations in function
M Moderate symptoms/limitations in function
M Severe symptoms/limitations in function

Figure 2. Scores on six PROMIS CATs

PROMIS T-scores were presented in four categories according to score cut-off points: within normal
limits (green), mild (0.5SD) (yellow), moderate (1SD) (orange) and severe (2SD) (red) symptoms/limita-
tions in function. As depicted, 84% (blue line) of the general adult Dutch male population scores within
normal limits or mild symptoms.

Satisfaction with social roles and activities

Self-efficacy symptoms (SF-8)

Self-efficacy medications (SF-8)

M Very high M High M Average H Low H Very low

Figure 3. Scores on three PROMIS CATs and short forms

PROMIS T-scores were presented in five categories according to score cut-off points: very high (+2SD)
(green), high (+1SD) (light green), average, low (-1SD) (orange), very low (-2SD) (red). As depicted, 84%
(blue line) of the general US population scores within the very high, high or average categories.

168



PROMIS in adults with hemophilia

uopendod |e1auad ay3 uey) S910S pPaIWI| JB|ILIS JO J9MI) PeY HAJ - ‘uolieindod |edauad ay3 ueyl $a402S pajiWl| 340U pey HAd + :90UeAs|ay
(2°€5 35) 3|e1j2) SBM SBJ0DS 91 JO 90/> - ‘(T'ES 3S) 3|GEII94 SeM S3403S B3 JO %0/< + (¢'ES 3S) B|qEI[94 Sem S2103S 33 JO 9%06< ++ Al|Igelay
pawuod Jou sem sisaylodAy pauyapald - ‘pawipuod sem sisayiodAy pauyapald + :A1pliea dnoi8-umouy

paw.juod J0uU sem sisaylodAy paulyepald - ‘pauliiuod sem sisaylodAy pauapadd + :A1ipljeA JuaSiaAuoD

JuawnJisul Aoe8aj ueyl s109y9 8

9 J0/PUE -100}} 9J0W - ‘QUBWNIISUl ADE33| Se $123443 SUl|19D J0/PUE -I00|) JB|IWIS F 'S1D944d SUl[192 JO/pUE -100|4 OU + :8

35/100|4 -

"UMOYS sem swall |VD JO Jequinu UesW syl S|VD 2yl JOJ 'SW=lI N«

:uopelaldiaiu|
‘sixejAydold - a|eas

90U3JBYPY JuawWieal] uawiday eljiydowaeH palepleA :04d-SY.LIYIA ‘swoirdwAs Suideuew Joy Aded1ya-}1as :swoidwAs Adedyy)a-4|9s ‘Juswiealy pue suopedipaw SuiSeuew
10} Aded1Ya-419s :suofedipaw Adedia-1[as ‘swajqoid yijeay |edisAyd 01 anp suonelwl| 9]0J dy ‘WaISAS UOIeWIOJU| IUBWIINSEIN SaWO02INO Palloday 1ualed SINOYd
'€1-2INSE3IA UONIBAIIDY JUBNEd (EL-NVd ‘2J1eUUONSIND-1S3]-103[01d spJax3 g eljiydowseH (0-1S91-d3H 1sI7 SanIANdY eljiydowaeH 1yH ‘s1sa1 aAndepe 1oindwod S|y

- + ‘e'u - 8 (€1) EL-INVd swoldwAs Loedis-}as
. () JloquIaulay 04d-SYLIMIA
- - e'u - 8 suonedIPaW Adediya-§9s
(f7) WL 0Jd-SVLIYIA
sw.ioj 340Ys
- ++ ey + 7’9 () engnel/A81su3 9g-ANVY an8ned
- ++ e'u + 7S (7) Buluonouny [e1D0S 9E-ANYY  SI1IAIIDE PUE S30J [B]20S UM UoIdelSies
(6) Ay1wa11xa Jamo| xa|dwod TvH
SsanIAe
- ++ + + 7’9 () dd 9€-aNVY
pue sajoJ [e1Dos ul a1edpiied 01 Ajigy
() BuiuoidUNy [BDOS 9E-ANVY
- + eu + /'8 (S) Buiag-jjam [euolIOWI 9E-ANVY A@1xuy
- + ey - 98 () SUIaQ-||jam [euonoWwI 9E-ANVY uoissaidaq
- + e'u ¥ 1’9 (7) uled 9€-ANYY 95U3J91J91Ul Uled
(57) 0-1591-d3H
+ ++ + + 09 (@r) WH uonduNy [e315AU4
(01) Sutuonouny |edg1sAyd 9e-ANVY
(s1v)) s1sal anndepy 133ndwo)
Aupijea Sunad
fqernay sway N
dnoiS-umouy 3jua8ianuo) /i00|4
ERIVETEN] sanuadouad Juswaanseapy fqiseay (swa3 u) Juawnaisui Adesaq Yueq wall SINOYd

SIUBWINIISUI ADP83| 3y 01 SEAIRUIRY|E 3|qISed) 24aMm ,oNS1e), pue S3IIIAIDE PUB S3]0J [RIDOS YlIM UOIIDRISIIeS, L 30Ul laiul uled, ‘uonouny
[e21sAyd, S1VD SINOYd 241 1BY1 SMOUS SWI0J 110YS pue S| SINOYd 241 Jo adueAa|al pue sainiadoid jJusuwainseaw A11j1qisea) uo S1nsal ayl Jo SIS9YIUAS g ajqeL

169



Chapter 8

DISCUSSION

This study aimed to determine the feasibility, validity and relevance of nine PROMIS item
banks in 142 adult Dutch adults with haemophilia. The PROMIS CATs were considered
to be feasible, with a low number of items and limited floor effects. The number of CAT
items (mean number of CAT items: 5 to 9) was substantially lower than in the legacy
instruments, which varies from 13 items for the entire PAM-13 to 42 for the entire HAL.
The PROMIS CAT ‘physical function” was more feasible than the legacy instruments
and was most relevant for adult PWH. In addition, the PROMIS CATs ‘pain interference/,
‘satisfaction with participation’ and 'fatigue’ were feasible alternatives to the legacy
instruments. The PROMIS CAT ‘participation’ was a feasible tool to discriminate between
different age- and severity categories. The PROMIS CATS on mental health did not meet
the predefined correlation criteria with the legacy instruments. The current results do
not support the use of the PROMIS short forms on self-efficacy in adult PWH.

Internal and external validity

The generalizability of the study to other populations with comparable treatment
regimens was promoted by inclusion of a heterogeneous group of adult Dutch PWH
aged 18-79 years with all severities included. However, the effect of data collection in

an online survey on the generalizability was unclear.

The choice of legacy instruments is an important factor in testing convergent validity.
However, the legacy instruments were already collected for the HiN-6 study and were
the best available legacy data. For the PROMIS short form ‘self-efficacy medications’
higher correlations with the VERITAS-Pro were expected, although the focus of the
PROMIS short form 'self-efficacy medications’ is more on confidence in managing
medication schedules and the VERITAS-Pro on adherence to prophylactic treatment
in haemophilia [32]. Besides a narrow data range and ceiling effects which always lower
correlations, the lack of correlation may have been affected by the differences between
the management of medications for PWH compared to other diseases as well as by the
multifactorial character of adherence to prophylaxis [39,44]. The correlation between
the PROMIS short form ‘self-efficacy symptoms’ and PAM-13 was also lower than
expected. This may be explained by a difference in focus of these instruments: where
the PROMIS short form ‘self-efficacy symptoms’ focuses on confidence in managing
symptoms, the PAM-13 has on broader view on self-management [33].
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In addition, the comparison of PROMIS item banks with legacy instruments may
have been negatively affected by the extended interval (1.0 to 2.6 years) between
the assessments for the HiN-6 and PROMIS studies. However, this is contradicted by
the very high correlations observed for physical function. Moreover PWH with major
changes in their health status were identified by an anchor question focused on physical
health, and excluded. The facts that this anchor question did not cover changes in
mental health and that assessment was done during COVID-19, may have affected
the scores on the PROMIS CATs ‘anxiety’ and ‘depression’ [45]. However, the lack of
correlation may also be attributed to the high scores, as these domains are generally
less affected in haemophilia [40,46]. The lack of correlation between the PROMIS CAT
‘participation’ and the legacy instruments was also affected by high scores and a narrow
data range, which was also observed for the ‘participation’ item bank in the Dutch

general population [16,47].

A limitation of the study is that reliability of the PROMIS item banks (SE) could not be
compared with the legacy instruments (Cronbach’s a), which is a result of different
measurement theories for the legacy instruments and PROMIS (CTT vs. IRT). However, it
is expected that the PROMIS item banks measure more precisely at the lower and upper
ends of the score ranges [8]. For example, the RAND-36 domain role limitations due to
physical health problems’ consists of only two items and had a large ceiling effect which
will resultin less measurement precision. In contrast, the total PROMIS ‘participation’
item bank consists of 35 items and a selection of relevant items will be used in the CAT.

Finally, the use of reference data from the general population influenced the distribution
of the categories of the PROMIS T-scores. Proportions of abnormal scores were
similar or lower than in Dutch men or the general US population, except for ‘physical
function”. This may be explained by a tendency that patients with lifelong conditions
like haemophilia report higher health states than the general population, known as the
‘disability paradox’, suggesting the impact of haemophilia may be underestimated if
general population references are used [48]. In absence of Dutch male reference data,
reference data of the general US population were used for the PROMIS item banks
'satisfaction with participation’, ‘'self-efficacy medications’ and 'self-efficacy symptoms’
which may have affected the results [49].
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Comparison with other studies

The reported floor- and ceiling effects for the legacy instruments were comparable to
earlier reports of the HAL and SF-36 in Dutch and Swedish PWH [11-13]. The PROMIS
T-scores in the current study were also comparable to T-scores in American PWH,
although in American PWH higher correlations were reported between mental health
domains and the EQ-5D-5L ‘anxiety/depression’ [21].

In the current study the PROMIS CAT ‘pain interference’ was limited in only 15% of
the PWH, which may be a result of a high reference value in the general Dutch male
population (mean: 54.7) in contrast to 50 for the general US population. These findings
are in contrast with reports of increased pain in a European study in 903 PWH (age
36, 35% receiving prophylaxis) and a recent study in 46 young Canadians (weighted
mean age 21, all receiving prophylaxis), measured with the SF-36 [46,50]. Using US
population references would have resulted in a score for increased pain interference
in 33% of adult PWH.

The current results partly support the recommendations of the recent HaemoValue
initiative. Based on expert opinion only, the core outcome set for haemophilia care
includes five of the currently investigated PROMIS item banks: ‘physical function’,
‘pain interference’, 'depression’, 'anxiety’ and ‘participation’, but excluded ‘fatigue’ and
‘satisfaction with participation’ [51].

Clinical implications and future research

Why should we use PROMIS above the legacy instruments in PWH? As 66% of the PWH
reported >1 comorbidity, the use of generic PROMIS item banks will be an efficient
tool for outcome assessment while including the ability to consider effects of and/
or comparison according to comorbidities. For research purposes especially the
PROMIS CAT ‘physical function’ is more feasible than the legacy instruments and is
relevant to PWH when assessing disabilities at group level. In addition, the PROMIS
CAT 'participation’ should be considered for research purposes to compare PWH on
group level. However, in day-to-day care for individual PWH all health domains may
be of interest in a comprehensive care setting. The PROMIS CATs ‘pain interference/,
‘satisfaction with participation’ and ‘fatigue’ are expected to result in more precise
measurement in the lower and upper ends of the score range with more relevant items
for each individual patient, in comparison with the RAND-36 with only a few items on
each domain. In addition, the PROMIS short forms on self-efficacy for managing chronic
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conditions are not recommended. Possibly due to the study design (2.2 years between
questionnaires and COVID-19 pandemic) the current results do not support the use of
the PROMIS CATs ‘depression’ and ‘anxiety’ as an alternative to the RAND-36 ‘emotional

well-being’ domain (5 items, Cronbach’s a = 0.87).

What work should be done before implementation of PROMIS CATs in day-to-day care
and research? Several issues need to be addressed. Firstly, further testing of smallest
detectable changes and minimal important changes of PROMIS item banks is needed
to improve the interpretability of scores in a setting of routine follow-up assessment.
Secondly, the stopping rule of PROMIS CATs should be evaluated to improve feasibility,
as people had to administer the maximum of 12 CAT items when they had no pain or
depression symptoms. Finally, good facilities for digital administration of CATs like a
PROMs mobile app or routine data collection from the electronic medical records are
essential. Especially if IT facilities and budget for using CATs are limited, PROMIS short
forms are an alternative for the CATs.

CONCLUSION

PROMIS CATs are feasible and may lower burden of outcome assessment by reducing
the number of questions needed to assess various aspects of health compared to
legacy instruments. The PROMIS CATs ‘physical function’, ‘pain interference’, ‘satisfaction
with participation’ and ‘fatigue’ are feasible, reliable and valid alternatives to legacy
instruments for PWH, with a low number of items and low floor- and ceiling effects.
For the implementation of PROMIS CATs in haemophilia care with lifelong routine
assessment, data on smallest detectable changes and minimal important changes
and validation in children and young adults are essential.
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SUPPLEMENTARY MATERIAL

Supplemental table 1. Predefined hypotheses of validity testing according to PROMIS item banks

Predefined
PROMIS item bank Legacy instrument .
correlation
RAND-36 Physical functioning >0.6
Physical function HAL >04
HEP-test-Q >0.6
Pain interference RAND-36 Pain >-0.6
Depression RAND-36 Emotional well-being >-0.6
Anxiety RAND-36 Emotional well-being >-0.6
RAND-36 Social functioning >0.6
Ability to participate in social roles  RAND-36 Role limitations due to physical 506
and activities health problems ’
HAL complex lower extremity >0.6
isfacti ith social rol
Satisfaction with sodial roles and o\ 36 Social functioning >0.4
activities
Fatigue RAND-36 Energy/fatigue >-0.6
VERITAS-Pro Time >-0.4
Self-efficacy medications
VERITAS-Pro Remember >-0.4
Self-efficacy symptoms PAM-13 >04

PROMIS item bank

Differences between:

Physical function

Ability to Participate in Social Roles
and Activities

Severe and non-severe haemophilia

Young adults (18-29 years) and adults (=30 years)

Severe and non-severe haemophilia

Young adults (18-29 years) and adults (=30 years)

Note: in the non-severe categories all persons with mild and moderate haemophilia were included.

HAL: Haemophilia Activities List, HEP-test-Q: Haemophilia & Exercise Project-Test-Questionnaire, PAM-13:
Patient Activation Measure-13, PROMIS: Patient Reported Outcomes Measurement Information System, self-
efficacy medications: self-efficacy for managing medications and treatment, self-efficacy symptoms: self-
efficacy for managing symptoms, VERITAS-Pro: Validated Haemophilia Regimen Treatment Adherence Scale
- Prophylaxis.
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Supplemental table 2. Number of items, floor- and ceiling effects and internal consistency of the
legacy instruments

Legacy instrument nitems Floor Ceiling Cronbach’s a n
n (%) n (%)

RAND-36 PF 10 1(0.7) 35(25.5) 0.93 137
RAND-36 SF 2 1(0.8) 63(49.2) 0.88 128
RAND-36 EW 5 - 3(2.4) 0.87 126
RAND-36 Pain 2 - 36(28.3) 0.81 127
RAND-36 RP 4 17 (13.0) 84 (64.1) 0.89 131
RAND-36 Energy/fatigue 4 1(0.8) 2(1.6) 0.76 126
PAM-13 13 1(0.8) 4(3.0) 0.80 133
VERITAS-Pro sum 24 240 - 0.89 49
VERITAS-Pro Time 4 11(19.6) 1(1.8) 0.88 56
VERITAS-Pro Remember 4 12(21.8) - 0.86 55
HAL sum 42 - 29(21.8) 0.97 133
HAL LOWCOMP 9 1(0.7) 42 (31.3) 0.97 135
HEP-test-Q 25 - 1(0.7) 0.95 135

HAL: Haemophilia Activities List, HEP-test-Q: Haemophilia & Exercise Project-Test-Questionnaire, LOWCOMP:
lower extremity complex, EW: emotional well-being, PAM-13: Patient Activation Measure-13, PF: physical
functioning, RP: role limitations due to physical health problems, SF: social functioning, VERITAS-Pro: Validated
Haemophilia Regimen Treatment Adherence Scale - Prophylaxis.
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Chapter 9

The general aim of this thesis was to optimize outcome assessment of functions,
activities and participation in persons with haemophilia (PWH) through (1) improving
the interpretation of legacy instruments and (2) reducing the time-investment of
completing outcome assessment for PWH, caregivers and researchers by shortening
legacy instruments and exploring the advantages of Patient Reported Outcomes
Measurement Information System (PROMIS®).

Nowadays many haemophilia-specific and general tools are available, covering many
health domains. The problem in clinical care and research is not the question whether
an outcome measure exists for a certain domain, but more how to select one and use
the outcome measure, while considering all relevant aspects. To describe all relevant
aspects of the (1) Hemophilia Joint Health Score (HJHS), (2) paediatic Haemophilia
Activities List (pedHAL) and Haemophilia Activities List (HAL) and (3) PROMIS® we used
the ‘Framework Clinimetrics’ from the Royal Dutch Society for Physical Therapy (KNGF)
which includes [17:

Health domain of interest
Goal of outcome assessment
Choice of outcome measure
Availability

Feasibility

Measurement properties
Reference values

© N O LA W N =

Calculation and interpretation

Within haemophilia care a broad range of generic and haemophilia-specific outcome
measures are recommended to evaluate the impact of haemophilia on functions,
activities and participation, as shown in the /ntroduction - Figure 1. Several initiatives,
including different settings and goals, have provided reviews on tools to use for outcome
assessment in haemophilia care and research [2-4].

As a next step to improve outcome assessment in haemophilia care, the results of
this thesis focus on (5) feasibility and (6) measurement properties. Within a context of
routine outcome assessment, feasibility is crucial. Especially within the constraints of
a clinical practice, it may not take too much time to administer questionnaires or to
do a test. Preferably, completing a questionnaire or test takes maximum ten minutes
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[1]. Time was mentioned as a barrier for clinical use of outcome measures in general
as well as within the field of haemopbhilia [2,5,6]. For the HJHS, international experts
reported assessment time (30-60 minutes per patient) as an important disadvantage
of the tool, especially in a busy clinical setting [7]. After introduction of the pedHAL (53
items) and HAL (42 items), clinicians and researchers reported some domains/items
to be non-informative [8-10]. Furthermore, there is a significant gap in the evidence
on measurement properties for traditionally used legacy instruments on joint health,
activities and participation, including the reliability and responsiveness of the HJHS
and HAL [11,12].

To solve issues like lengthy questionnaires and limited evidence on measurement
properties, generic PROMIS item banks were recently introduced in the field of
haemophilia [3,13,14]. In contrast to the disease-specific HJHS, pedHAL and HAL, generic
outcome measures have the advantage that patients do not have to complete different
questionnaires for every comorbidity. This is more and more relevant to adult PWH with

an increasing life expectancy and more comorbidities of ageing [15].

The next paragraphs present the results of this thesis and describe all relevant aspects
of the HJHS, pedHAL, HAL and PROMIS for clinical care and research purposes.

1. HJHS
Health domain of interest: The HJHS assesses joint structure and function in PWH [16].

Goal of outcome assessment: The HJHS is recommended to evaluate joint health in

research and clinical care for children as well as adults in non-acute bleeding joints
[2,17]. Although the HJHS was developed to detect early joint damage in boys (4-18
years) with haemophilia [18], current evidence showed that ultrasound is more sensitive
to early joint damage [19]. The HJHS is not a direct measure of osteochondral changes
but should be used as a structured clinical examination of the joints in PWH.

Choice of outcome measure: The HJHS is a physical examination of six joints, combined

with a performance test assessing global gait.

Availability: The HJHS and instructions are available free of charge at the website of the
International Prophylaxis Study Group (IPSG) (www.ipsg.ca). Training is recommended
before use of the HJHS.

Feasibility: HJHS assessment is currently recommended every 1-2 years in children and
adults [2]. As the assessment is time-consuming (30-60 minutes) [2,17], the optimal
frequency should be established while considering factors like age, treatment regimen,
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joint status and bleeding rates. In Chapter 2 we investigated the long-term changes in
joint health to determine the optimal frequency of HJHS assessment in adult PWH.
Instead of annual joint assessment, we recommend to monitor all six joints every five
years in adult PWH on long-term prophylaxis with low bleeding rates. Single joints with
multiple bleeding episodes and/or the presence of synovitis should be assessed more
frequently.

In addition, in Chapter 3 we took the first step to develop a shorter version of the HJHS
by combining real-life HJHS data of 499 PWH and expert opinion. The items ‘duration
swelling” and ‘crepitus’ were identified as candidates for item reduction, which resulted
inthe HJHS,, . The resulting HJHS_  was able to discriminate between different ages
and treatment regimens. Dropping the items ‘duration swelling’ and ‘crepitus’ will not
lead to a substantial gain in time and the experts suggested a screening examination to
select joints which needs full HJHS assessment. The screening examination suggested
by the experts should be further explored, and was not included in the current data.
Measurement properties: A recent systematic review reported on measurement

properties of the HJHS in children and adults [11]. According the review, studies in
children have reported conflicting evidence regarding construct validity. The HJHS
correlated well with Haemophilia Early Arthropathy Detection with Ultrasound (HEAD-
US) scores in Dutch boys but not in in Spanish boys [19,20]. In addition, the HJHS
discriminates well between age, inhibitor status, severity, (onset of) prophylaxis and
HEAD-US abnormalities [16,19,21-24], but in children with access to primary prophylaxis
or treated on demand only the HJHS did not discriminate between severities [25,26].
In contrast, in adults the HJHS discriminated well between different prophylactic
regimens and the presence of synovitis [27-29]. Test-retest and interrater reliability
were good in children and young adults [30-32], but was not studied in adults [11].
The HJHS was responsive to a short rehabilitation program in Romanian children and
radiosynovectomy in Czech children and young adults but not to a Nordic walking
program in Swedish adults [33-35]. As these studies were in small samples (<20),
responsiveness is not formally established [11].

Reference values: Although the HJHS was developed and validated in children with
haemophilia, reference values are only available in healthy young adults and adults. In
healthy young adults, HJHS total scores range from 0 to 3 [36]. The reference range of
the HJHS total score in healthy adult males aged <50 extends up to 12 [37].

Calculation and interpretation: A paper-based summary sheet is available to calculate

the joint scores and total score. Scores range from 0 to 20 per joint and the global gait
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score ranges from 0 to 4, resulting in a total HJHS score from 0 to 124 points [17]. A

higher score indicates worse joint health.

pedHAL and HAL
Health domain of interest: The pedHAL and HAL assess limitations in activities and

participation in children (4-18 years) and adults (=18 years) with haemophilia [38,39].
Goal of outcome assessment: Both the pedHAL and HAL are recommended for

evaluation of self-reported limitations in activities and participation in PWH in research
and clinical care [2].
Choice of outcome measure: The pedHAL an HAL are questionnaires which can be

administered on paper or electronically.

Availability: The pedHAL and HAL are available free of charge for clinical use and
research by non-commercial parties at the Van Creveldkliniek website in 46 languages
(www.vancreveldkliniek.nl).

Feasibility: Assessment of pedHAL or HAL is currently recommended in children and
adults with an interval of >1 year, based on expert opinion [2]. In Chapter 4, we explored
the optimal frequency of administering the pedHAL in data from routine clinical practice
in Dutch parents and children with haemophilia. This study showed that Dutch children
on early prophylaxis and their parents reported almost no limitations in activities and
participation. At group level, the sum scores and domain scores remained stable during
three and/or five years follow-up. At patient level, in patients without limitations in
activities and participation (pedHAL sum score >95) and without joint and/or muscle
bleeds, pedHAL scores remained high until the next assessment after median (IQR) 1.0
(0.9-1.2) years. The results suggested that annual pedHAL assessment in clinical care is
not necessary in these children. In children with lower pedHAL scores and/or bleeds,
annual pedHAL assessment is recommended to monitor limitations in activities and
participation. In addition, the study identified ceiling effects in the domains ‘functions
of the arms’, ‘use of transportation’, ‘self-care’ and ‘household activities’ and identified
these as candidates for shortening the pedHAL.

In Chapter 5 we studied international pedHAL data in 315 children with haemophilia with
the aim to shorten the 53-item pedHAL questionnaire. A stepwise approach resulted
ina pedHAL,,__ of 22 items. The pedHAL
and informative items on activities and participation for children with haemophilia,

was expected to retain the most relevant

short short

representing all domains of the original pedHAL.
In Chapter 7, a similar stepwise procedure was performed in 420 adult PWH to shorten

the 42-item HAL. This resulted in an 18-item HAL_, _, with comparable construct validity

short/
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as the original HAL. For both the pedHAL_ __and HAL

used. In addition, both short versions can be derived from the original HAL, which allows

only a sum score should be

short short

for use in longitudinal studies. The item reduction of >50% for both questionnaires

reduces the burden for completing the questionnaires substantially.

Measurement properties: In a recent study, measurement properties of the pedHAL
and HAL were reviewed [12]. The pedHAL and HAL had good content validity as their
items reflect daily activities which were based on interviews with PWH. Evidence on
construct validity of the pedHAL was conflicting [12]. The HAL was able to discriminate
between patients on intensive and less intensive prophylaxis but not between patients
who stopped or continued prophylaxis [27,40]. The pedHAL showed good test-retest
reliability, although a substantial variability was reported in Romanian children [34].
For the HAL, information on reliability including test-retest reliability was lacking. In
addition, information on interpretability of scores was lacking for both the pedHAL
and HAL [12]. Data on the smallest detectable change (SDC) and minimally important
change are necessary to interpret the scores in clinical practice and research [12]. For
the HAL, we investigated the test-retest reliability and the smallest detectable change in
50 adult PWH in Chapter 6. The HAL showed good reliability for the sum and component
scores (intraclass correlation coefficient >0.9). Average SDC values, which signify a true
change in score that is not due to the measurement error, are 10.2 for the normalized
HAL sum score, 9.2 for the upper extremity component score, 16.7 for the basic lower
extremity component score and 13.4 for the complex lower extremity component score.
In addition to the measurement properties on reliability, validity and responsiveness,
patient-parent agreement is of interest for the pedHAL. In Chapter 4 we studied child-
parent agreement of the pedHAL in data from routine clinical practice in 63 Dutch
parents and children with haemophilia. Child-parent agreement varied across pedHAL
domains from 71% agreement for ‘functions of the legs’ up to 92% agreement for
‘self-care’. The differences indicated that both child report and parent proxy should
be reported.

Reference values: Reference values are not available for the pedHAL and HAL.

Calculation and interpretation: Electronic scoring sheets are available at the Van

Creveldkliniek website. Normalized scores range from 0 to 100, where 100 represents
no limitations in activities [39].
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PROMIS
Health domain of interest: PROMIS is a set of universal, person centred item banks that

evaluates and monitors physical, mental, and social health in adults and children [41].
Goal of outcome assessment: PROMIS item banks focus on measuring universally

relevant domains of health to allow diagnostic assessments across diseases, clinical
settings and research [42].
Choice of outcome measure: PROMIS measures are available as full item bank,

short form and Computer Adaptive Tests (CATs) (www.dutchflemishpromis.nl, www.
healthmeasures.net). In CATs the selection of the next item depends on the response
on the earlier items and it is not necessary to answer all items.

Availability: PROMIS item banks and short forms are available free of charge in many
languages. There are costs for the use of PROMIS CATs.

Feasibility: Until now, PROMIS item banks were seldomly used in haemophilia research
projects [14,43,44]. In Chapter 8 we investigated the feasibility of seven generic PROMIS
CATs and two short forms in 142 Dutch adult PWH. The PROMIS CATs were considered
to be feasible with a low number of items (mean number of CAT items: 5 to 9) and
low floor- and ceiling effects. Especially the PROMIS CAT ‘physical function’ was more
feasible than the legacy instruments and was the most relevant health domain for PWH.
The PROMIS short forms with 8 items on ‘self-efficacy for managing medications and
treatment’ and 'self-efficacy for managing symptoms’ showed ceiling effects.
Measurement properties: PROMIS item banks have been validated in the general

population and numerous paediatric and adult patient populations [45-49]. In PWH,
only the PROMIS-29 Profile Instrument, representing seven health domains, was
validated and considered to be a potentially valuable tool to study the impact of
haemophilia [14]. PROMIS CATs and short forms have not yet been validated in adult
PWH. In Chapter 8 we investigated the measurement properties of seven generic PROMIS
CATs and two short forms in Dutch adult PWH. The PROMIS CATs ‘physical function’,
‘pain interference’, ‘satisfaction with participation’ and ‘fatigue’ correlated well with
the legacy instruments, but the PROMIS CATs ‘depression’, ‘anxiety’ and ‘participation’
did not meet the predefined correlation criteria. The PROMIS CATs ‘physical function’
and ‘ability to participate in social roles and activities' were able discriminate between
different age- and severity categories. The reliability of the PROMIS CATs and short
forms was good, except for the short form on 'self-efficacy for managing medications
and treatment’. The results did not support the use of PROMIS CATs ‘depression” and
‘anxiety’ as an alternative to the RAND-36, which may have been a result of the study
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design. In addition, the PROMIS short forms on self-efficacy for managing chronic
conditions were not recommended.

Reference values: Reference values are available for the general US population. For
some PROMIS item banks Dutch reference values are available.
Calculation and interpretation: PROMIS total scores are calculated by transforming

the item-scores into T- scores, based on US population data, with a mean of 50 and
a SD of 10. The scores of the short forms were calculated in the PROMIS Assessment

Center Scoring Service.

Key findings regarding optimization outcome assessment
The key findings of this thesis are shown in Figure 1 and Figure 2.

In adult PWH with access to early prophylaxis, H/HS assessment is recommended every
five years when there are no reported bleeds or synovitis. This interval is much longer
than the recommended 1-2 years interval [2]. In addition, use of the HJHS_ _ will lead
to a small reduction in time. A screening examination of joints are also expected to
reduce assessment time.

For the pedHAL, both child and parent proxy questionnaires should be reported.
PedHAL assessment is recommended with an interval of =1 year [2]. However, annual
pedHAL assessment has limited clinical value in patients without limitations in activities
and participation and without joint and/or muscle bleeds and should be assessed less
frequently in these patients. We suggest an interval of three years based on stable high
scores in children on prophylaxis with low bleeding rates (Chapter 4). In addition, use
of the pedHAL_ __ with 22 items and HAL

patient too. The HAL is considered to be a reliable self-reported outcome measure for

with 18 items will lower burden for the

short short

limitations in activities and participation. Score changes of the HAL sum score greater

than the SDC 10.2 indicate that the change was not a result of measurement error.

For PWH the PROMIS CATs ‘physical function’,‘pain interference’, ‘'satisfaction with social
roles and activities’ and ‘fatigue’ are feasible, valid and attractive alternatives to legacy
instruments. Especially the PROMIS CAT ‘physical function’ is more feasible than the
legacy instruments and is relevant to PWH when assessing disabilities at group level.
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Key findings PROMIS
PROMIS item bank Legacy instrument Findings

- More feasible than the legacy instruments

- Good measurement properties

- Discriminates well between different age- and severity categories
- Most relevant health domain for PWH on group level

HAL
Physical function HEP-test-Q
RAND-36

Pain interference
Satisfaction RAND-36
Fatigue

- Feasible alternatives to the legacy instruments
- Good measurement properties

- Feasible and reliable
Participation RAND-36 and HAL - Convergent validity with the legacy instruments not confirmed
- Discriminates well between different age- and severity categories

Anxiety RAND-36 - Feasible and reliable

Depression i - Convergent validity with the legacy instruments not confirmed
rs:;zie::;cig:‘; 1] VERITAS-Pro - Not feasible and/or reliable

Symptoms (SF) PAM-13 - Convergent validity with the legacy instruments not confirmed

Figure 2. Key findings of this thesis for the PROMIS item banks

METHODOLOGICAL AND PRACTICAL CONSIDERATIONS

Methodological issues

Consensus on terminology and definitions about measurement properties is relevant,
since there is a variety in definitions in the international multidisciplinary field for health
research. Therefore, we used the COnsensus-based Standards for the selection of
health Measurement INstruments (COSMIN) taxonomy [50]. The COSMIN taxonomy
helped us to define the research purposes and methods and it helped us to interpret
the results. Definitions about measurement properties should be standardized in
haemophilia research to improve the interpretation of study results.

A strength of this thesis was the use of individual patient datasets to pool data from
existing studies to shorten the HJHS, pedHAL and HAL and the use of the data from the
Hemofilie in Nederland-6 (HiN-6) national survey to evaluate the PROMIS item banks
in PWH. Secondary use of research data lowers the burden of participating in studies
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for patients with rare disorders. The use of existing data from published studies was
helpful to achieve sufficient sample sizes, which is a challenge in rare diseases. In our
‘PROMIS in haemophilia’ project the use of the HiN-6 contributed to include 142 PWH
quickly with a limited time-investment for patients and caregivers. However, correlations
between the PROMIS item banks and legacy instruments to test convergent validity
were affected by our choice to use the best available legacy data and the extended
interval (1.0 to 2.6 years) between the assessments for the HiN-6 and PROMIS studies.
In my opinion, to improve the internal validity of the study we should have chosen
to study only those PROMIS item banks for which the best legacy instruments were
available in the HiN-6 study and for health domains expected to be stable over time
and unaffected by the COVID-19 pandemic.

In the project to shorten the HJHS we have combined pooled data with expert opinion.
A blended methodology was chosen since no criterion standard for the construct
‘joint health’ was available and consensus between key opinion leaders like HJHS
developers, users and investigators was needed for adaptations of the HJHS, as well
as implementation of recommended adaptations.

Practical issues

A secondary analysis of individual patient datasets requires dealing with practical
issues like data transfer agreements between the centers, secured and encrypted
data transfer, and anonymization. However, it took up to a year to arrange data sharing
and the quality of some databases was limited. The FAIR (findability, accessibility,
interoperability, and reusability) principles point the way forward for more systematic
facilitation of data sharing, while respecting participants’ rights [51]. For haemophilia
the European Platform on Rare Diseases Registration (EU RD Platform), which aims
to combine data on rare diseases across registries in the Europian Union, could be a
promising initiative. To facilitate re-use of data the quality of databases is a point of
attention and hospitals should provide professional support to researchers to create
high quality datasets.

Another issue was the high costs of the HJHS expert meeting in 2019 for flights and
hotel for the international experts. During the COVID-19 pandemic Zoom has become
a popular tool for research purposes too. This could have been a feasible alternative
for our in-person meeting.
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Finally, to facilitate research in the Haemophilia Treatment Center broad consent for
the use of retrospective data in studies is necessary to lower the burden of informed
consent procedures for participants and researchers. In our center informed consent
in still required for every single project with retrospective data. Ideally, a broad consent
procedure for the use of retrospective data for research should be introduced for the
whole university medical center.

WHAT ELSE IS NEEDED TO FURTHER IMPROVE OUTCOME
ASSESSMENT IN HAEMOPHILIA?

PROMIS versus legacy instruments

Should we implement PROMIS in haemophilia care and research? For now, PROMIS
is especially feasible for research purposes. PROMIS has advantages over legacy
instruments like the RAND-36/SF-36 as it includes a wide spectrum of health domains
and scores of CATs and short forms can be combined. In addition, PROMIS CATs will
measure more precisely in the lower and upper ends of the score range while including
more relevant items [52]. For example, the health domain physical function can be
measured by long questionnaires such as the HAL (42 items) and the Haemophilia &
Exercise Project-Test-Questionnaire (HEP-test-Q) (25 items) or very short questionnaires
such as EQ-5D-5L (1 item on mobility) and PROMIS-29 (4 items on physical function)
which are less precise. The PROMIS CAT with a mean of 6 items has the best of both
worlds, as it selects the most relevant items for the individual patient from the full item
bank with 121 items resulting in higher precision and less floor- and ceiling effects. In
addition, the use of generic PROMIS item banks has the ability to consider effects of
and/or comparison according to comorbidities, which is relevant as 66% of the PWH
reported >1 comorbidity (Chapter 8). However, there are still some disease-specific
health outcomes like bleeding episodes and adherence to prophylactic treatment which
are not covered by generic instruments.

A successful implementation of PROMIS in daily clinical care is conditional on several
issues. Firstly, the interpretation of PROMIS scores seems to be a barrier to clinicians.
PROMIS T-scores are different from additive scores in legacy instruments, which were
developed according the Classical Test Theory. In addition, data on SDC and minimal
important change of PROMIS item banks are lacking, while these are needed to improve
the interpretability of scores in a setting of routine follow-up assessment. Finally, using
CATs in clinical care has the disadvantage that different items are administered during
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follow-up. Therefore, we recommend making individual items and follow-up scores

directly visible in a dashboard when using PROMIS in day-to-day care.

Practical issues which need attention are the limited number of data capture tools
and electronic medical records that can be used to administer CATs. Good facilities for
digital administration of CATs like a PROMs mobile app or routine data collection from
electronic medical records are essential and will promote use of PROMs. In addition, the
costs for using CATs could be a barrier for the implementation. Especially if IT facilities
and budget for using CATs are limited, PROMIS SFs are an alternative.

Core outcome set

In haemophilia care broad implementation of a core outcome set should be the next
step to reduce heterogeneity in research reports and improve the comparison of
subjects between different populations and treatment centers [53]. Recently, two
initatives developed a core outcome set with many similarities in the recommended
outcome measures [2,13]. The HaemoValue initiative followed a stepwise standard
procedure with patient and health care professional panels, resulting in a core outcome
set with ten health outcomes for children and adults. The total HaemoValue core set is
inclusive with the opportunity to expand from regular assessment to outcomes related
to long-term consequences of the disease or treatment. The other initiative was based
on a combination of a critical literature review plus a consensus conference between
48 health care experts. The consensus core outcome set described more practical
issues like differences between various clinical settings, the differences between clinical
care and research, and the optimal frequency of outcome assessment [2], which are
important aspects for clinicians and researchers. Both core outcome sets will be useful
for clinical care and research, with divergent recommendations regarding outcomes
on life expectancy, pain and joint imaging. The legacy instruments described in this
thesis are part of both outcome sets and the HaemoValue core set suggested PROMIS
item banks too [13].

Future research

The development of outcome measures and evaluation of measurement properties
are time consuming processes [54]. As many outcome measures are available the
development of new ones is undesirable, while investment in studying measurement
properties remains essential. Future research should focus on reliability of the

HJHS in adult PWH as well as responsiveness and interpretability (SDC and minimal
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important change) of the HJHS, pedHAL and some relevant PROMIS item banks. Data
on responsiveness and interpretability are essential for evaluating the results of
comprehensive care in PWH. The SDC of the HAL is already established (Chapter 6)
and currently we are studying responsiveness and the minimal important change of
the HAL in PWH undergoing lower extremity surgery.

and HAL
was developed in an international dataset but was not
The

was developed and validated in American PWH (Chapter 7) but needs validation

Before widespread introduction of the pedHAL further validation
is needed. The pedHAL,, .
validated in other data (Chapter 5), which is the next step for the pedHAL
HAL

in another population. Agreement between the original (ped)HAL and (ped)HAL

short short”
short”
short

as

short

well as convergent validity of the (ped)HAL_,  with legacy instruments (i.e. SF-36 and/

short

or HEP-test-Q) should be assessed. In addition, the discriminative value of the short
versions should be assessed.

For the HJHS, additional steps such as a screening examination are needed to achieve
a substantially more time efficient HJHS assessment. A first step is to evaluate if any
of the current HJHS items is predictive for a high total HJHS score in the dataset of the
HJHS pooling project (Chapter 3).

Finally, lifelong monitoring is the standard in haemophilia care and the transition from
outcome measures from childhood to adulthood should be investigated. On the one
hand, paediatric PROMIS item banks should be validated in children with haemophilia.
On the other hand, the transition from the pedHAL to HAL and PROMIS item banks
from childhood to adulthood should be studied.

GENERAL CONCLUSION

Measurement properties help to select appropriate outcome measures and to
interpret results in clinical care and research. This thesis contributed to the evidence
on measurement properties of the legacy instruments pedHAL and HAL in PWH.
Furthermore, this thesis contributed to shorter versions of the legacy instruments
HJHS and (ped)HAL and to a more personalized frequency of monitoring joint health and
limitations in activities and participation. Generic PROMIS CATs should be considered
as a next step to lower the time-investment of outcome assessment, as these have the
advantages of a low number of more relevant questions.
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NEDERLANDSE SAMENVATTING

Hemofilie is een zeldzame aangeboren stollingsaandoening, welke voorkomt bij
1 op de 5000 mannen. De ernst van de hemofilie hangt af van de hoeveelheid nog
aanwezige stollingsfactoren in het bloed en varieert van mild tot ernstig. Het tekort
aan stollingsfactoren in het bloed geeft een verhoogd risico op bloedingen in met
name gewrichten en spieren. Gewrichtsbloedingen komen vooral voor in de enkels,
knieén en ellebogen. De gewrichtsbloedingen resulteren in schade aan gewrichten
waardoor mensen met hemofilie uiteindelijk moeite krijgen met dagelijkse fysieke
activiteiten als lopen, fietsen en zelfzorg. Ook kan dit invioed hebben op school, werk

of vrijetijdsbesteding.

De zorg voor mensen met hemofilie is de laatste decennia enorm verbeterd. In 1964
werd het eerste hemofiliebehandelcentrum opgericht in Nederland en in 1968 werd
profylactische (regelmatige) behandeling met stollingsfactoren om bloedingen te
voorkomen geintroduceerd. In de loop der jaren is de medicatie verder ontwikkeld
om het aantal bloedingen te verminderen en de kwaliteit van leven te verbeteren.
Daarnaast wordt in de hemofiliebehandelcentra multidisciplinaire zorg aangeboden,
door onder andere de arts, verpleegkundige, fysiotherapeut en maatschappelijk

werker/psycholoog.

Het in kaart brengen van de gewrichten en beperkingen in dagelijkse bezigheden is
belangrijk om het effect van de behandeling na te gaan, zowel in de dagelijkse zorg als
onderzoek. Dit kan onder andere met meetinstrumenten zoals een gestandaardiseerd
lichamelijk onderzoek en vragenlijsten die vragen naar functionele beperkingen. Het doel
van dit proefschrift is om het meten van gewrichten (functies) en dagelijkse bezigheden
(activiteiten en participatie) te verbeteren voor mensen met hemofilie. Enerzijds willen
we meer kennis hebben over bestaande meetinstrumenten uit de hemofiliezorg, en
anderzijds willen we de belasting en tijd die het kost om meetinstrumenten te gebruiken

verminderen.

HJHS

De Hemophilia Joint Health Score (HJHS) is een gewrichtsscore van de enkels, knieén
en ellebogen om de gezondheid van de gewrichten te meten. Een fysiotherapeut of
arts beoordeelt de gewrichten tijdens een lichamelijk onderzoek op negen onderdelen,
maar dit kost veel tijd (30-60 minuten).
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In hoofdstuk 2 hebben we de optimale frequentie voor het monitoren van gewrichten
met behulp van de HJHS in kaart gebracht voor volwassenen met hemofilie. Na vijf tot
tien jaar was de score van de HJHS in 37% van de mensen verslechterd enin 17% van
de gewrichten verslechterd. De HJHS ging met name achteruit in gewrichten met een
hoger aantal bloedingen en synovitis (kapselontsteking) van het gewricht. Nagenoeg
alle gewrichten die bij aanvang geen beperkingen vertoonden en die geen bloeding
of synovitis doormaakten bleven stabiel gedurende vijf tot tien jaar. Op basis van de
resultaten adviseren we slechts eens per vijf jaar alle zes de gewrichten te meten met
de HJHS. Indien een gewricht al beperkingen heeft of er is een bloeding en/of synovitis,
adviseren we een gewricht vaker te monitoren.

Daarnaast hebben we in hoofdstuk 3 gekeken of de HJHS korter gemaakt kan worden.
Gewrichtsscores van 499 internationale patiénten zijn geanalyseerd en dit is vervolgens
besproken in een bijeenkomst met 19 internationale experts. De conclusie is dat twee
van de negen onderdelen van de HJHS weggelaten kunnen worden, namelijk ‘hoe lang
zwelling van het gewricht duurt’ en ‘crepitatie’ (krakend geluid tijdens bewegen) van
het gewricht. Een volgende stap zal zijn om te kijken of we kunnen screenen welke
gewrichten in detail bekeken moeten worden.

PedHAL en HAL

De pediatrische Hemofilie Activiteiten Lijst (pedHAL) is een vragenlijst over beperkingen
bij activiteiten en participatie voor kinderen met hemofilie. De vragenlijst bestaat uit
53 vragen en er is zowel een kinder- als oudervragenlijst beschikbaar. De Hemofilie
Activiteiten Lijst (HAL) is een vragenlijst over beperkingen bij activiteiten en participatie
voor volwassenen met hemofilie. De vragenlijst bestaat uit 42 vragen. Beide vragenlijsten
worden zowel in de zorg als onderzoek gebruikt.

In hoofdstuk 4 hebben we in Nederlandse jongens met hemofilie drie punten in kaart
gebracht, namelijk (1) de veranderingen over de tijd gemeten met de pedHAL, (2)
hoe goed de pedHAL scores van kinderen en ouders overeenkwamen en (3) welke
domeinen van de pedHAL het meest informatief waren. Nagenoeg alle individuele
patiénten met weinig tot geen beperkingen in activiteiten en zonder bloeding in de
tussenliggende periode bleven stabiel na een jaar. Na drie tot vijf jaar bleven de pedHAL
scores ook gelijk op groepsniveau. De pedHAL scores van kinderen en ouders kwamen
niet voldoende overeen. Kinderen en hun ouders gaven de meeste beperkingen aan
in de pedHAL domeinen ‘zitten/knielen/staan’ en ‘functies van de benen’. Op basis van
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de resultaten adviseren we niet standaard jaarlijks de pedHAL af te nemen bij kinderen
met goede profylactische behandeling. Daarnaast adviseren we zowel de kinder- als
de oudervragenlijst af te nemen.

Vervolgens hebben we in hoofdstuk 5 onderzocht welke vragen uit de pedHAL mogelijk
overbodig zijn met als doel een kortere versie van de vragenlijst te maken. In gegevens
van de pedHAL uit vijf verschillende landen hebben we middels een stappenplan alle
pedHAL vragen geévalueerd. Dit heeft geleid tot een kortere versie van de pedHAL met
22 vragen in plaats van 53 vragen. De somscores van de volledige en de korte pedHAL
kwamen overeen. De korte versie van de vragenlijst is efficiénter voor het uitvragen
van ervaren beperkingen in activiteiten en participatie.

In hoofdstuk 6 hebben we gekeken naar de betrouwbaarheid van de HAL. Vijftig
volwassenen met hemofilie hebben tweemaal de vragenlijst ingevuld, met gemiddeld 3.4
weken tijd tussen de vragenlijsten. De vragenlijsten hebben we vervolgens met elkaar
vergeleken. De HAL is betrouwbaar voor zowel de somscore als de componentscores.
Veranderingen van de HAL somscore groter dan 10.2 punten worden gezien als
verandering, buiten de meetfout van de vragenlijst om.

In hoofdstuk 7 hebben we onderzocht welke vragen uit de HAL mogelijk overbodig zijn
met als doel een kortere versie van de vragenlijst te maken. In gegevens van de HAL uit
de Verenigde Staten hebben we middels een stappenplan alle HAL vragen geévalueerd.
Dit heeft geleid tot een kortere versie van de HAL met 18 vragen in plaats van 42 vragen.
De somscores van de volledige en de korte HAL kwamen overeen. De korte HAL en
de volledige HAL kwamen in gelijke mate overeen met andere vragenlijsten. De korte
versie van de vragenlijst is efficiénter voor het uitvragen van ervaren beperkingen in
activiteiten en participatie.

PROMIS

Patient Reported Outcomes Measurement Information System (PROMIS®) is een
nieuwe ontwikkeling binnen onderzoek met vragenlijsten. PROMIS vragenlijsten kunnen
worden afgenomen als verkorte lijst of via de computer met Computer Adaptief Testen
(CAT). Welke vragen een patiént moet beantwoorden wordt dan door de computer
bepaald op basis van de antwoorden die iemand geeft. Bijvoorbeeld als iemand heeft
geantwoord dat hij geen 100 meter kan lopen, dan is de volgende vraag of hij kan staan,
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en wordt niet gevraagd of hij kan rennen. Dit zorgt ervoor dat iemand minder vragen

hoeft te beantwoorden en meer relevante vragen krijgt.

In hoofdstuk 8 hebben we de (1) toepasbaarheid, (2) meeteigenschappen en (3)
relevantie van zeven PROMIS CAT vragenlijsten en twee verkorte PROMIS vragenlijsten
onderzocht. De PROMIS vragenlijsten hebben we vergeleken met bekende vragenlijsten
voor volwassenen met hemafilie, die al ingevuld waren in het kader van het Hemafilie in
Nederland (HiN-6) onderzoek. Het gemiddelde aantal vragen voor de CAT vragenlijsten
varieerden van vijf tot negen vragen. Bij de CAT vragenlijsten over ‘belemmeringen door
pijn" en ‘depressie’ scoorden mensen met hemofilie vaak de laagst mogelijke score.
Volwassenen met hemofilie scoorden het vaakst beperkingen bij ‘fysiek functioneren’
(38%). De scores van de PROMIS CAT vragenlijsten over ‘fysiek functioneren’,
‘belemmeringen door pijn’, ‘tevredenheid met sociale rollen en activiteiten' en
‘vermoeidheid’ kwamen voldoende overeen met de scores van de bekende hemofilie
vragenlijsten. Ook waren de PROMIS CAT vragenlijsten betrouwbaar. We concluderen
dat de PROMIS CAT vragenlijsten over ‘fysiek functioneren’, '‘belemmeringen door pijn/,
‘tevredenheid met sociale rollen en activiteiten’ en ‘vermoeidheid’ goed toepasbaar en
betrouwbaar zijn. Deze vragenlijsten kunnen worden gebruikt als alternatief voor de
bekende vragenlijsten uit de HiN-6 bij volwassenen met hemofilie.
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met zich meebrengen. Want de liefste, dat ben jij!
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