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Introduction: Monitoring clinical outcome in persons with haemophilia (PWH) is es-
sential in order to provide optimal treatment for individual patients and compare ef-
fectiveness of treatment strategies. Experience with measurement of activities and 
participation in haemophilia is limited and consensus on preferred tools is lacking.
Aim: The aim of this study was to give a comprehensive overview of the measurement 
properties of a selection of commonly used tools developed to assess activities and 
participation in PWH.
Methods: Electronic databases were searched for articles that reported on reliability, 
validity or responsiveness of predetermined measurement tools (5 self- reported and 4 
performance based measurement tools). Methodological quality of the studies was 
assessed according to the COSMIN checklist. Best evidence synthesis was used to 
summarize evidence on the measurement properties.
Results: The search resulted in 3453 unique hits. Forty- two articles were included. 
The self- reported Haemophilia Acitivity List (HAL), Pediatric HAL (PedHAL) and the 
performance based Functional Independence Score in Haemophilia (FISH) were stud-
ied most extensively. Methodological quality of the studies was limited. Measurement 
error, cross- cultural validity and responsiveness have been insufficiently evaluated.
Conclusion: Albeit based on limited evidence, the measurement properties of the 
PedHAL, HAL and FISH are currently considered most satisfactory. Further research 
needs to focus on measurement error, responsiveness, interpretability and cross- 
cultural validity of the self- reported tools and validity of performance based tools 
which are able to assess limitations in sports and leisure activities.
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1  | INTRODUCTION

Bleeding into muscles and synovial joints is the main characteristic of 
haemophilia. Recurrent joint bleeds cause degenerative cartilage and 
bone changes (haemophilic arthropathy) through synovial inflamma-
tion and blood related cartilage damage.1 This results in short-  and 
long term limitations in joint function, performance of activities and 
participation in society. The available treatment includes on demand 
or prophylactic clotting factor replacement and functional rehabilita-
tion after bleeding.2

Monitoring clinical outcome is essential in order to provide optimal 
individual treatment of persons with haemophilia (PWH) and to com-
pare patient groups in scientific research. Self- reported bleeding and 
clinical and radiologic joint assessment used to be the main outcome 
measures in haemophilia treatment. However, according to the World 
Health Organization’s International Classification of Functioning 
(ICF),3 health is considered the result of an interaction between body 
structure and function, activities, participation and personal and en-
vironmental factors. In order to obtain a representative impression of 
a person’s health assessment of all ICF domains, combining objective 
and self- reported measurement tools, is recommended.4 According to 
the ICF “activity” is defined as “the execution of a task or action by an 
individual” and participation is defined as “involvement in a life situa-
tion”. Consistent monitoring outcome at activity and participation level 
still needs to find its way into haemophilia care and research.

Various haemophilia specific and generic tools for assessing ac-
tivity and participation are available, but consensus on a preferred set 
of measurement tools is not yet reached. Differences in access to ex-
pensive clotting factor concentrates cause significant differences in 
joint status between PWH in different parts of the world. Differences 
between age groups, severity and cultural differences also contribute 
to heterogeneity in the haemophilia population. Moreover, measure-
ment tools might be used for different purposes, eg. monitoring clini-
cal outcome vs comparing treatment groups and evaluation of chronic 
complaints vs acute bleeds. A core set of measurement tools should 
account for these different purposes and patient groups. Recently, 
a first recommendation for a core set based on expert opinion was 
published.5 However, quality assessment of the outcome measures, 
considered an important step in the development of a core outcome 
set,6 was incomplete.

The aim of the current study is to provide a systematic overview 
of the measurement properties (ie, validity, reliability and responsive-
ness) of a selection of measurement tools commonly used in PWH and 
developed to measure activities and participation. This information 
may promote the identification of core- set outcome tools and direct 
further research on these measurement tools.

2  | METHODS

This systematic review is reported in accordance with the Preferred 
Reporting Items for Systematic reviews and Meta- Analyses (PRISMA) 
statement (www.prisma-statement.org). The research group aimed to 

perform systematic reviews on (i) imaging techniques to assess hae-
mophilia arthropathy, (ii) tools to measure joint structure and function, 
(iii) tools to measure activity and participation and (iv) measurement 
tools to assess health related quality of life (HRQoL). For clarity of 
reporting, separate reviews are drafted for the different domains. 
The current manuscript reports on tools used to assess activities and 
participation.

Measurement tools included in the search were predetermined. 
The selection of measurement tools was made based on a survey 
among comprehensive haemophilia treatment centers (Columbus, 
USA; Denver, USA; Milan, Italy; Utrecht, The Netherlands; Valencia, 
Spain; Vellore, India; 2014) combined with an expert meeting (Toronto, 
October 2014)5 and by the authors. Included measurement tools 
were: the Canadian Occupation Performance Measure (COPM), the 
Haemophilia Activity List (HAL), the Impact on Participation and 
Autonomy questionnaire (IPA), the International Physical Activity 
Questionnaire (IPAQ), the Pediatric HAL (PedHAL), accelerometry, the 
enhanced Functional Independence Score in Haemophilia (eFISH), the 
Functional Independence Score in Haemophilia (FISH), the 6 Minute 
Walk Test (6MWT) and the Timed Up and Go test (TUG).

2.1 | Search

Medline and Embase were searched until May 30th 2016. The full 
search, designed and supervised by a professional librarian (C. Nickel, 
Hospital Library and Archives, The Hospital for Sick Children, Toronto, 
Canada), is listed in Appendix S1. For the purpose of reviews on all do-
mains, the initial search (October 2014) included measurement instru-
ments on joint scores, imaging, health related quality of life, as well 
as activities and participation. The search update (May 30th 2016) 
was focused at joint scores and activities and participation. Reference 
lists were screened and experts in the field were contacted to identify 
studies not retrieved by the literature search.

2.2 | Study selection

Studies that reported on reliability, validity or responsiveness of one 
of the predetermined measurement tools used in pediatric and adult 
patients with severe, moderate or mild haemophilia A or B were eli-
gible for inclusion. It was decided to also consider studies that used 
one of the selected measurement instruments as an outcome as 
these would include information on discriminant validity. Only peer- 
reviewed original articles written in English were considered.

Titles and abstracts of retrieved studies were independently ex-
amined by 2 investigators (S.G. and M.T.). Complete manuscripts of 
potentially relevant studies were examined for eligibility for inclusion. 
In case of disagreement between the 2 reviewers, consensus was 
reached by discussion with a third reviewer (K.F).

2.3 | Data extraction

Data extraction from manuscripts was performed independently by 2 
investigators (S.G. and A.Z). In the case of disagreement between the 2 
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reviewers consensus was reached by discussion with a third reviewer 
(M.T.). The following data were extracted: sample size, proportion of 
severe PWH, proportion of patients receiving prophylactic therapy, 
age, spread the results in the population being studied and informa-
tion about measurement properties. Measurement properties are 
defined according to COSMIN, as shown in Table 1. Interpretability, 
including Minimal Clinical Important Difference (MCID) and floor-  and 
ceiling effects, was considered an important requirement for the suit-
ability of an instrument, but not a measurement property. Therefore it 
was only described and not scored.

2.4 | Quality assessment

First, the methodological quality of the selected studies was evaluated 
according to the COSMIN checklist, which offers standards to assess 
each measurement property.7 For each measurement property the 
COSMIN includes items that assess design requirements and statisti-
cal methods, the actual content of the items is specific for each meas-
urement property. Every item is rated on a 4- point scale (poor, fair, 
good, excellent) and the lowest score determines the rating. Quality 
assessment of the studies was performed by 2 investigators indepen-
dently (S.G. and A.Z.). In the case of disagreement between the 2 re-
viewers consensus was reached by discussion with a third reviewer 
(M.T.). Since haemophilia is a rare disease and reliability studies of 
performance- based measurement tools require a smaller sample size 
compared to self- reported tools8 (as the COSMIN is initially designed 
for), it was decided to adjust the COSMIN criterion of minimum sam-
ple size to score fair from 30 to 20 for reliability, measurement error 
and hypothesis testing.9,10

Secondly, results of the measurement properties were assessed as 
positive, negative or indeterminate based on criteria of Terwee et al,11 
as shown in Table 1. Thirdly, the results of the studies were combined 
and adjusted for the methodological quality of the studies accord-
ing to the methods of the Cochrane Back Review Group,12 shown in 
Table 2. Overlap in study population between studies was checked 
for by comparing source population, inclusion period and inclusion 
criteria. In case of uncertainty, authors were contacted. Studies using 
the same population were considered as 1 study in the overall quality 
assessment.

3  | RESULTS

The study selection process is shown in a flowchart in Figure 1. 
Using the above search strategy, 3453 unique references were iden-
tified. After screening of the titles and abstracts, 288 articles were 
selected for full text inspection and 44 studies were included in the 
current paper. Included studies reported on the COPM, the HAL, the 
IPA, the IPAQ, the PedHAL, accelerometry the FISH, the 6MWT and 
the TUG. No studies were found that reported on the eFISH. The 
included studies comprised 1398 PWH, of which 40.5% were adults 
and were 30.3% children (<18 years). In 29.2% of the cases it re-
mained unclear if it considered children or adults. In total 71.5% of 

the included PWH had severe haemophilia; the remaining patients 
had mild or moderate haemophilia. In less than 1% of the cases se-
verity was not described.

Study characteristics and measurement properties are presented 
in Table 3, for studies that scored at least “fair” on the COSMIN check-
list. Most studies reported on hypothesis testing (convergent and 
discriminant validity). Minimal clinical important differences (MCID) 
were not reported. Internal consistency and structural validity were 
not applicable for the included performance based tools since the (sub)
scales are not based on a reflective model but on a formative model 
(which means that the items together form the construct and are 
therefore not interchangeable and not necessarily correlated). Cross- 
cultural validity was also considered not applicable for performance 
based tools, although we are aware that performance on certain ac-
tivities can be culturally influenced. All studies assessed functioning 
in a steady state condition, 12 studies13-24 explicitly excluded patients 
with acute bleeding; none reported assessment of patients after (sub)
acute bleeding. Methodological quality ratings of each study are re-
ported per measurement property in Appendix S2 and were generally 
fair to poor. Synthesis of the results for each measurement tool, in-
cluding the level of evidence, is presented for the total patient group 
in Table 4. Separate reports for adults and children are presented in 
Appendix S3 A, B.

It was decided not to differentiate between tools measuring activ-
ities and tools measuring participation as this requires comprehensive 
research and is therefore beyond the scope of the current study.

3.1 | Self- reported measurement tools

3.1.1 | Canadian Occupation Performance Measure 
(COPM)

Occupation Performance Measure is a standardized semi- structured 
interview measuring self- perception of performance and satisfaction 
with the performance of tasks of daily living, leisure and productiv-
ity.25 Patients identify problems with tasks and prioritize them ac-
cording to the level of importance. The 5 most important problems 
become goals for treatment planning. For these 5 problems individu-
als rate their current level of performance and their satisfaction of 
their performance on a scale from 1 to 10 (lower scores represent 
more difficulties or less satisfaction). An average score for perfor-
mance and satisfaction of the 5 problems is computed at the end of 
the interview process.

The COPM was only reported once in PWH,18 in a study aiming 
to describe how the COPM was applied, along with other measures 
of assessment. Hypothesis testing was considered “unknown” due to 
poor methodological quality.

3.1.2 | Haemophilia Activity List (HAL)

The HAL is a haemophilia- specific questionnaire assessing self- 
perceived limitations in activities in adults due to haemophilia, in the 
previous month.24 It contains 42 items across 7 domains. A summary 
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TABLE  1 Definitions and quality criteria (Based on Terwee et al10) for measurement properties

Property Definition Rating Quality criteria

Reliability

Internal 
consistency

The degree of interrelatedness among items 
and is generally calculated by Cronbach’s 
alpha

+ (Sub)scale unidimensional AND Cronbach’s alpha(s) > 0.70

? Dimensionality not known OR Cronbach’s alpha not determined

− (Sub)scale not unidimensional OR Cronbach’s alpha(s) < 0.70

Measurement 
error

Systematic and random error of a person’s 
score that is not attributed to true changes 
in the construct and can be calculated bythe 
standard error of measurement (SEM), limits 
of agreements (LoA) or smallest detectable 
change (SDC)

+ MIC > SDC OR MIC outside the LOA

? MIC not defined

− MIC < SDC OR equals or inside LOA

Reliability The proportion of variance due to true 
differences between persons and includes 
test- retest reliability, inter- rater reliability 
and intra- rater reliability

+ ICC/weighted Kappa > 0.70 OR Pearson’s r > .80

? Neither ICC/weighted Kappa, nor Pearson’s determined

− ICC/weighted Kappa <  0.70 OR Pearson’s r < .80

Validity

Content validity The degree to which an instrument is an 
adequate reflection of the construct to be 
measured. This could be done by asking 
experts (eg. the target population) to judge 
the relevance of the items

+ The target population considers all items in the questionnaire 
to be relevant AND considers the questionnaire to be 
complete

? No target population involvement

− The target population considers items in the questionnaire to 
be irrelevant OR considers the questionnaire to be 
incomplete

Construct validity

Cross-  cultural 
validity

The degree to which the performance of 
items on a translated or culturally adapted 
instrument is an adequate reflection of the 
original version

+ Original factor structure confirmed OR no important DIF

? Confirmation original factor structure AND DIF not 
mentioned

− Original factor structure not confirmed OR important DIF

+ Factors should explain at least 50% of the variance

Structural The degree to which the scores of an 
instrument are an adequate reflection of the 
dimensionality of the construct to be 
measured

? Explained variance not mentioned

− Factors explain <50% of the variance

Validity

Hypothesis testing The degree to which scores are consistent 
with pre- specified hypotheses and is 
evaluated in terms of convergent validity 
(correlation with demographic variables or 
instruments measuring the same construct) 
and discriminant validity (differences 
between known groups)

+ (Correlation with an instrument measuring the same 
construct > .50 OR at least 75% of the results are in 
accordance with the hypotheses) AND correlation with 
related constructs is higher than with unrelated constructs

? Solely correlations determined with unrelated construct

− Correlation with an instrument measuring the same construct 
<.50 OR <75% of the results are in accordance with the 
hypotheses OR correlation with related constructs is lower 
than with unrelated constructs

Responsiveness The ability to detect change over time + (Correlation with an instrument measuring the same 
construct > .50 OR at least 75% of the results are in 
accordance with the hypotheses OR AUC > 0.70) AND 
correlation with related constructs is higher than with 
unrelated constructs

? Solely correlations determined with unrelated constructs

− Correlation with an instrument measuring the same construct 
<.50 OR >75% of the results are in accordance with the 
hypotheses OR AUC < 0.70 OR correlation with related 
constructs is lower than with unrelated constructs

MIC, minimal important change; SDC, smallest detectable change; LOA, limits of agreement; ICC, intraclass correlation coefficient; DIF, differential item 
functioning;	AUC,	area	under	the	curve;	+,	positive	rating;	?,	indeterminate	rating;	−	,	negative	rating.
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TABLE  2 Levels of evidence for the quality of the measurement property11

Level Rating Criteria

Strong +++	or	− Consistent findings in multiple studies of good methodological quality OR in 1 study with excellent methodologi-
cal quality

Moderate ++	or	− Consistent findings in multiple studies of fair methodological quality OR in 1 study of good methodological quality

Limited +	or	− One study of fair methodological quality

Conflicting ± Conflicting findings

Unknown ? Only studies with poor methodological quality

+,	positive	result;	−,	negative	result.

F IGURE  1 Flowchart of studyselection

Initial search
(n = 2910)

- Medline (n = 691)
- Embase (n = 2219)

Reference
searching

(n = 2)

Records screened
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(n = 79)*

Imaging
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Update
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score as well as component scores involving upper extremity, basic 
lower extremity and complex lower extremity activities can be cal-
culated. Normalized scores range from 0 to 100, with higher scores 
representing better functional status.

The HAL was used in 11 studies.4,21-24,26-36 Three 31,32,35 included 
both children and adults. Another 3 studies explicitly aimed at inves-
tigating measurement properties.24,29,33 Moderate positive evidence 
was found for content validity of the HAL. Conflicting results were 
found for hypothesis testing due to a good correlation with IPA, 
Arthritis Impact Measurement Scale (AIMS), TUG and 50 m walking 
speed but a low correlation with IPAQ and the physical functioning 
domain of the SF36. Furthermore, the HAL discriminates well be-
tween treatment groups35 but not between patients who stopped or 
continued prophylaxis.36 Internal consistency, structural validity and 
cross- cultural validity were considered “unknown” due to poor qual-
ity of the selected studies. When used as an outcome measure in an 
Indian study31 most patients did not answer all questions as they con-
sidered them inappropriate. Reported proportions of persons achiev-
ing an optimal score vary according to age and intensity of treatment, 
ranging from 7% (only severe haemophilia, 76% prophylaxis, median 
38 years) to 31% (only severe haemophilia, 89% prophylaxis, median 
41 years).4,28

3.1.3 | Impact on Participation and Autonomy 
questionnaire (IPA)

The IPA is a generic questionnaire for adults, addressing personal 
impact of illness on participation and autonomy and related ex-
perience of problems.37 This self- administered questionnaire 
consists of 31 items, distributed over 5 domains: autonomy in-
doors, family role, autonomy out- doors, social relations, and work 
and educational opportunities. Scores range from 0 to 120 with 
a higher score representing more restrictions in participation or 
worse autonomy.

Seven studies reported on the IPA, all included adult pa-
tients.22-24,28,29,33,34 None of the studies explicitly aimed to investigate 
measurement properties. In 3 of them, the IPA was used to explore 
validity of the HAL.21,24,29 Limited positive evidence was found for the 
internal consistency of the IPA in this population. Moderate positive 
evidence was found for hypothesis testing due to good correlations 
with HAL in multiple studies.

3.1.4 | International Physical Activity Questionnaire 
(IPAQ)

The IPAQ is a 7- day recall questionnaire, developed for adults, meas-
uring current levels of physical activity.38 Walking, moderate- intensity 
and vigorous- intensity activities are assessed for 4 different domains 
– leisure time, domestic and gardening, work- related and transport- 
related physical activity. Scoring of the IPAQ results in a continuous 
variable in the form of total metabolic equivalents of task (MET)- min 
per week, as well as categorization into high, moderate or low physical 
activity level.T
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Four studies reported on the IPAQ in PWH,32,35,39,40 none of the stud-
ies explicitly aimed to investigate measurement properties. Three studies 
included adults as well as teenagers (age 16 year and above),32,35,39 the 
other only included adults.40 Conflicting evidence was found for hypoth-
esis testing due to a weak correlation with the HAL and differences in 
moderate physical activity and total METs between PWH and controls 
but not in vigorous physical activity, light physical activity and sedentary 
behaviour.32 Ceiling effects are not  applicable for the IPAQ.

3.1.5 | Pediatric Haemophilia Activity List (PedHAL)

The PedHAL is a haemophilia specific measure assessing self- 
perceived limitations in activities in children between 8- 18 years old.41 
It contains 53 items across 7 domains and can be completed by both 
parents and children. A summary score as well as component scores 
involving upper extremity, basic lower extremity and complex lower 
extremity activities can be calculated. Normalized scores, ranging from 
0 to 100 with higher scores representing better functional status, can 
be obtained for the summary score and the component scores.

A total of 3 studies reported on the PedHAL.41-43 Two studies ex-
plicitly aimed to investigate measurement properties.41,42 Limited pos-
itive evidence was found for content validity of the PedHAL. Internal 
consistency, reliability, measurement error and hypothesis testing are 
considered “unknown” due to poor quality of the selected studies. Two 
studies reported a proportion of optimum scores of 34% (81% severe 
haemophilia, no prophylaxis, 13.2 years) and >50% (75% severe hae-
mophilia, all prophylaxis, 8.9 years).41,42

3.2 | Performance based measurement tools

3.2.1 | Accelerometer

The accelerometer is an objective tool to assess physical activity. 
Currently a broad range of accelerometers is available.44 The primary 
unit of measurement is counts or m/s2, which can be converted into 
MET using an algorithm. One MET is equal to the resting metabolic 
rate, obtained during quite sitting.

Five studies reported on accelerometers; 4 only included chil-
dren,14,45-47 one only adults.48 One study explicitly aimed to validate an 
accelerometer (Actiheart, uniaxial accelerometer combined with heart-
rate) for the measurement of energy expenditure in children with different 
chronic diseases. In this study conflicting evidence was found for criterion 
validity due to a good correlation between Actiheart and indirect calorim-
etry for total activities and fast walking and a weak correlation between 
Actiheart and indirect calorimetry for sitting, slow walking and moderate 
walking.46 The remaining studies showed conflicting evidence for hypoth-
esis testing in different age groups. Ceiling effects are not applicable.

3.2.2 | Functional Independence Score in 
Haemophilia (FISH)

The FISH is a performance based test measuring the patient’s in-
dependence in performing activities of daily living, transfers and 

mobility.19 It was designed for adults and children above 7 years. 
Each function is graded from 1 to 4 depending on the amount of 
assistance the patient needs in performing the function. Total score 
ranges from 0 (functionally fully dependent) to 32 (functionally fully 
independent).

Fifteen studies reported on the FISH.16,18-20,31,42,49-57 Two stud-
ies explicitly aimed to investigate measurement properties of the 
FISH.19,31 Five studies included both children and adults,18,19,31,51,55 
7 studies included only children,16,20,42,49,52,54,56 3 included only 
adults.50,53,57 Moderate positive evidence was found for hypoth-
esis testing in the total group, due to a good correlation with 
HAL, Western Ontario and McMaster Universities Arthritis Index 
(WOMAC) and Health Assessment Questionnaire (HAQ). In studies 
including children only, evidence for hypothesis testing was also 
considered moderately positive. Responsiveness and internal consis-
tency were considered unknown due to poor methodological quality. 
Proportions of optimum scores reported range from 8% (only severe 
haemophilia, no prophylaxis, median 32 years)16 to >50% (86% se-
vere, no prophylaxis, 13.2 years).42 One study showed optimum 
scores >50% of the FISH and optimum scores of 34% of the pedHAL 
in the same population.42

3.2.3 | Six Minute Walk Test (6MWT)

The 6MWT is a performance based test that measures walking speed 
and sub- maximal exercise capacity.58 It was developed for patients 
with respiratory diseases and heart failure, but has been used in chil-
dren and adults with a variety of chronic conditions. Patients are in-
structed to walk up and down a 30- 50 meter track for 6 minutes and 
try to cover the largest possible distance without running. The covered 
distance in 6 minutes is recorded. The use of a walking aid or orthosis 
is allowed.

Six studies reported on the 6MWT,13,17,42,43,59,60 1 included 
adults59,60 the others children only. The studies did not explicitly 
aim to investigate measurement properties. Conflicting evidence 
was found for hypothesis testing due to the ability of the 6MWT 
to discriminate between patients with and without overweight 
and between PWH, juvenile idiopathic arthritis and spina bifida 
vs the weak correlation between 6MWT and a maximum exercise 
test (cyclo- ergometer).13,17,43 Responsiveness was only reported in 
studies with poor methodological quality and therefore considered 
unknown.

3.2.4 | Timed Up and Go Test (TUG)

The TUG is a performance based test developed to assess functional 
mobility in elderly persons.61 Participants are required to stand up 
from a chair, walk 3 meters, return and sit in the chair. The time taken 
to perform the test is administered.

Three studies reported on the TUG, all included adult PWH.26,33,62 
These studies did not explicitly aim to validate the TUG in this population. 
Limited positive evidence was found for hypothesis testing due to 1 study 
with fair methodological quality showing a good correlation with the HAL.
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4  | DISCUSSION

Five self- reported and 4 performance based measurement tools 
in 44 studies were investigated. Eight studies explicitly aimed at 
investigating measurement properties. For most measurement 
tools only hypothesis testing was investigated sufficiently. Two 
self- reported (the HAL and PedHAL) and 1 performance- based 
tool FISH were studied somewhat more extensively but with low 
COSMIN scores. Measurement error, cross- cultural validity, re-
sponsiveness and interpretability were rarely reported. For this re-
view, no difference was made between tools measuring activities 
or participation.

4.1 | Self- reported measurement tools

The PedHAL is the only tool specifically developed for children. Given 
the measurement properties studied, the PedHAL seems a conveni-
ent tool to measure self- reported limitation in activities in children. 
The IPA is a validated tool for adults in several disease groups 63 and 
was used to validate the HAL.24,29 The HAL and the IPA aim to meas-
ure a different construct, limitations in activities and impact on par-
ticipation respectively. However, most participation questionnaires 
also include items on limitations in activities64 and the HAL includes 
items on participation (eg. sports and going out). Cross- cultural valid-
ity of the HAL was not formally assessed, however when used as an 
outcome measure in an Indian study most patients did not answer all 
questions as they considered them inappropriate.31 The IPAQ is con-
sidered a validated tool to measure physical activity in healthy adults38 
but correlates only weakly with the HAL.32 This can be explained by 
the difference in construct between the HAL (limitations in activities) 
and IPAQ (level of physical activity). Differences between PWH and 
controls are found in some, but not all, aspects of physical activity. 
This might be due to large inter- individual differences, even within 
controls.32

4.2 | Performance based measurement tools

Given the measurement properties studied, the FISH seems a con-
venient tool to measure independence in performing activities 
of daily living, transfers and mobility in both children and adults. 
However, ceiling effects >50% were found in a population with 34% 
optimum scores on the PedHAL. Those differences can be explained 
by the differences in construct (self- perceived limitation measured 
by the PedHAL and observed limitations measured by the FISH) and 
by differences in the range of activities that is covered by the in-
struments; the FISH covers activities of daily living, transfers and 
mobility whereas the PedHAL also covers leisure and sports activi-
ties. The TUG is validated for frail elderly, patients with arthritis and 
stroke patients.65 In middle aged patients with severe haemophilia 
it correlates moderately with HAL.33,62 Measurement properties 
of the 6MWT in children vary among chronic conditions.66 The re-
ported poor correlation with maximum exercise tests in children with 
haemophilia is in accordance with results in children with juvenile 

idiopathic arthritis.67 Possibly the 6MWT is not sensitive enough for 
patients with minimal joint complaints, indicating a ceiling effect. In 
populations with more severe joint complaints, like adults awaiting 
total knee or hip arthroplasty, reliability and responsiveness of the 
6MWT is good.68 Measurement properties of accelerometers vary 
among brands, but a wide range is validated for the assessment of 
physical activity in healthy children.44 However, when accelerom-
eters are used to predict energy expenditure significant over-  and 
underestimation is found.44 Similar results were found in children 
with haemophilia.46

4.3 | Strengths and limitations

Strengths of the current study are the systematic literature search 
and the independent study selection and independent methodo-
logical quality assessment by 2 investigators. Furthermore, we 
decided to include also studies that used one of the selected meas-
urement instruments as an outcome. This enabled us to include 
more information about the measurement tools (on hypothesis 
testing), which was needed since studies that aimed at investigat-
ing measurement properties were limited. The different aim of 
these studies required different priorities in reporting, leading to 
low COSMIN scores. Nevertheless, consisting findings in studies 
scoring “fair” on the COSMIN checklist are also considered moder-
ated evidence.

The main limitation of this systematic review is the lack of a suit-
able checklist for methodological quality assessment of studies inves-
tigation measurement properties of performance based tools. The 
COSMIN checklist was initially developed for self- reported outcome 
measures and is therefore less appropriate for performance- based 
tools. However, the COSMIN checklist seemed to be the most appro-
priate solution. By adjusting the minimal sample size of the COSMIN 
for hypothesis testing and reliability we attempted to make it more 
suitable for performance- based tools.8 A second limitation of this 
study is that measurement tools included in the search were prede-
termined by expert opinion. Although we were only interested in com-
monly used tools, we could have missed a measurement tool. Given 
our broad international survey among comprehensive haemophilia 
treatment centers and expert meeting with an international and mul-
tidisciplinary group of professionals we are confident that all relevant 
tools are included.

4.4 | Clinical implications and future research

Based on this systematic review, the PedHAL and HAL are the rec-
ommended self- reported measurement tools. The FISH is the rec-
ommended performance based tool to measure independence in the 
performance of activities of daily living, transfers and mobility. When 
developing a core set of measurements, including the same instruments 
for a wide population of PWH is preferable in order to enable com-
parison between groups. Both in patient care and in clinical research 1 
might wish to additionally add specific measurements for specific pa-
tients or purposes. Further research needs to focus on measurement 
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error, responsiveness, interpretability, cross- cultural validity of the self- 
reported tools and validity of performance based tools that are able to 
assess limitations in leisure and sports activities. Furthermore, weak 
to moderate correlations between self- reported and performance 
based measures of activities and participation suggest that different 
constructs are being measured and that there is a need to use both 
for full assessment.4 Although in this study no difference was made 
between (items within) tools measuring activities or participation, both 
aspects should be represented in a core outcome set. Future studies 
should investigate to what extent the included tools measure activities 
or participation. Finally, in all selected studies functioning in a steady 
state condition was measured. Further research towards measurement 
tools which assess and monitor recovery after an acute bleed is needed 
in order to guide treatment of an (sub)acute bleed.

5  | CONCLUSION

Several self- reported and performance based measurement tools are 
available to assess activities and participation in PWH. Albeit based 
on limited evidence, the measurement properties of the PedHAL, HAL 
and FISH are currently considered most satisfactory. Based on the re-
view, we recommend the PedHAL and HAL as self- reported measure-
ment tools to measure self- perceived limitations in activities and the 
FISH as performance based tool to measure independence in daily 
activities, transfers and mobility.
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