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Abstract

Aim: Currently, it is unknown which patient-reported outcomes are important for
patients with autosomal inherited bleeding disorders. Therefore, the purpose of this
study is to systematically review the available literature assessing patient-reported
outcomes and their measurement methods in autosomal inherited bleeding disorders.
Methods: The Embase, Medline ALL, Web of Science Core Collection, Cochrane Cen-
tral Register of Controlled Trails and Google Scholar databases were searched from
inception until 14 August 2020. Studies on patient-reported outcomes in patients with
von Willebrand disease, inherited platelet function disorders and coagulation factor
deficiencies were included.

Results: Twenty-one articles met the inclusion criteria. Three studies were assessed as
having poor quality, and therefore a high risk of bias. Nineteen studies had fair quality
rating. Different measurements methods were used, ranging from predefined to self-
developed questionnaires. The majority of included studies focused on von Willebrand
disease. Patients with von Willebrand disease reported lower health-related quality of
life compared to the general population. Overall, this trend was especially visible in the
following domains: vitality, physical and social functioning and pain. Women with inher-
ited bleeding disorders scored lower on health-related quality of life compared to men,
especially women with heavy menstrual bleeding. Patients with joint bleeds or heavy
menstrual bleeding reported an increased level of pain.

Conclusion: Patients with autosomal inherited bleeding disorders report lower health
related quality of life, especially those with joint bleeds or heavy menstrual bleeding.
Numerous measurement methods are used in patients with autosomal inherited bleed-
ing disorders, highlighting the need for studies using established, standardized mea-
surement methods.
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1 | INTRODUCTION

The trend towards a more value-based healthcare system has led to
an increasing emphasis on outcome measurement. Especially in the
last few years, the interest to incorporate patient-reported outcomes
(PROs) in medical practice and research has grown exponentially.t~3
PROs are defined as ‘any report coming directly from patients, without
interpretation by physicians or persons, about how the patient func-
tions or feels in relation to a health condition and its treatment®’. There
are several types of PROs with the most common being self-reported
symptoms, self-reported functioning, and health-related quality of life
(HRQoL).> HRQoL is a broad multidimensional concept that incorpo-
rates various domains (e.g., physical, psychologic and social function-
ing) related to the health status of an individual.®

PROs are often assessed using questionnaires, otherwise known as
patient-reported outcomes measures (PROMs).” PROMs can be clas-
sified as either generic or as disease specific. Generic PROMs, such
as Euro-QolL EQ-5D, consist of questions relevant to multiple disease
groups or a healthy population. In contrary, disease specific PROMs
focus on particular patient groups and consist of questions that are
only related to a given disease, disability or surgery.”8

Incorporating PROs in clinical practice enables (1) the evaluation of
the effectiveness of a healthcare intervention, (2) the assessment of the
quality of care and the needs of different populations, (3) the improve-
ment of clinical decision making, and (4) a better understanding and
causes of variations in health.”? In addition, monitoring PROs may
enhance patient engagement and shared decision making, which sub-
sequently leads to a higher quality of care and more patient-centred
care.210.11 For example, studies in oncology have shown that the sys-
tematic collection of PROs result in better symptom control, fewer hos-
pitalizations and better quality of life.12

The increased attention on more patient-centred approaches in
healthcare has led to more studies examining PROs and PROMs in a
variety of diseases, including in patients with inherited bleeding disor-
ders. Inherited bleeding disorders consist of a heterogeneous group of
diseases affecting the primary and secondary haemostasis that include
abnormalities or deficiencies of platelets or coagulation proteins. As
haemophilia A and B are X-linked, the autosomal inherited bleeding dis-
orders include von Willebrand disease (VWD), inherited platelet func-
tion disorders and various coagulation factor deficiencies. Severe dis-
orders have a low prevalence and usually present in childhood, but
milder forms are relatively more common and may not be clinically
apparent until later in life when patients have haemostatic challenges
(e.g., menstruation, dental procedures, surgery or trauma).13

The clinical presentation of different types of bleeding disorders
tends to overlap and symptoms range from more common features
such as easy bruising, mucocutaneous bleedings and heavy menstrual
bleeding to more severe and uncommon symptoms such as joint bleeds,
gastrointestinal- and intracranial bleedings.}* Patients with similar
diagnoses and comparable laboratory results do not always present
with the same bleeding tendency.’> 17 This inter-individual variabil-

ity may complicate identifying the individual patient needs. Moreover,

the commonly used measures such as bleeding assessment tools do not
always reflect the impact of the disease on a patient’s daily life. Incor-
porating PROs in clinical practice, may support the physician to focus
on patient’s (unidentified) needs, to identify the burden of disease for
each individual patient and to monitor the treatment effect. Therefore,
the implementation of PROs may lead to more personalized treatment
in patients with autosomal inherited bleeding disorder.

Until now, research on PROs and PROMs in inherited bleeding dis-
orders has mainly focused on haemophilia.’®? It is unknown which
PROs are important for patients with autosomal inherited bleeding
disorders and which PROMs are commonly used to measure PROs in
this patient population. This systematic literature review aims to sum-
marize the available literature assessing PROs and their measurement
methods to identify which patient-reported outcomes could be impor-

tant for patients with autosomal inherited bleeding disorders.

2 | METHODS

2.1 | Article retrieval

This systematic review was registered in PROSPERO (registration
number CRD42020199444) and followed the PRISMA methodol-
ogy for systematic reviews and meta-analysis and the COSMIN
methodology for systematic reviews of Patient-Reported Outcomes
Measures.2% An information specialist experienced in systematic liter-
ature reviews co-designed and conducted the search strategy. The ini-
tial search was designed in Embase using a combination of Emtree and
non-registered index terms and translated into other databases’ syn-
tax (Supplement 1). Key terms include congenital blood clotting disor-
ders, blood clotting deficiency, patient-reported outcome and quality
of life. The literature search was performed in Embase, Medline ALL,
Web of Science Core Collection, Cochrane Central Register of Con-
trolled Trails and Google Scholar. All databases were searched from
inception until 14 August 2020.

2.2 | Study selection

Two reviewers (E.S.H. and M.E.H.) independently screened the articles
on potential eligibility. Disagreements between the reviewers were dis-
cussed until uniform consensus was reached. English articles report-
ing on all different types of patient-reported outcomes in both adult
and paediatric patients with autosomal inherited bleeding disorders
including von Willebrand disease, inherited platelet function disorders
and coagulation factor deficiencies, were included. Articles solemnly
focusing on bleeding symptoms or bleeding assessment tools were
not included in this study, since bleeding symptoms are not necessary
patient-reported; they can also be reported by someone other than the
patient himself/herself, for example in case of grading of bleeding after
surgery. Case studies, commentaries, editorials, conference abstracts,

economic evaluations and articles about acquired bleeding disorders
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FIGURE 1 PRISMA flow diagram for study identification.
Abbreviation: PROs; patient-reported outcomes

were excluded. According to the COSMIN methodology, articles were
excluded if less than 80 percent of the research population consisted
of patients with autosomal inherited bleeding disorders. The reference
lists of included studies identified by the search were checked for fur-
ther relevant studies.

2.3 | Data assessment

For each included study, the following information was collected: study
design, characteristics of the patient population, mean or median age at
study inclusion, used PROMs and measured PROs. In case the psycho-
metric properties of a PROM were assessed, including its acceptabil-
ity, internal consistency, reliability, validity and responsiveness this was
also reported. Two reviewers (E.S.H and M.E.H.) read and abstracted
each article; a third reviewer (W.A.) checked table entries for accuracy
with regard to the original articles. Data were reviewed descriptively.

2.4 | Risk of bias assessment

A single reviewer from the team (E.S.H) assessed risk of bias of
included publications using the National Institutes of Health (NIH)
quality assessment tool for observation and cross-sectional studies.??
Two other reviewers (M.E.H. and W.A) evaluated the assessment

Database search: Embase, Medline ALL, Web of
§ Science Core Collection, Cochrane and Google
g Scholar (n=3182)
b=
=
2 v
Results after duplicates removed (n=1959)
g v
2
S Citations screened by title and abstract (n=1939) » Excluded (n=1768)
= Y Excluded (n=170)
Z Full-text articles assessed for eligibility »
0 0=191) o No full text: n=20
= e No PROs used: n=107
o <80% patients with autosomal inherited
v bleeding disorders: n=43
= Articles included in this review (n=21)
=
2

accuracy. Quality rating (good, fair or poor) was used to assess cer-
tainty of evidence. Any discrepancies were discussed with all reviewers
(E.S.H., M.E.H. and W.A.) until consensus was reached. Studies were not
excluded based on risk of bias assessment.

3 | RESULTS

3.1 | Data retrieval

The systematic literature search yielded a total of 1959 non-duplicate
references that were screened using predetermined inclusion- and
exclusion criteria. The flow chart (Figure 1) shows the process of article
selection from initial search to final inclusion or exclusion. A total of 21
articles met the inclusion criteria for this systematic review. All studies
were published between 2000 and 2020 (Figure 2). Seven studies were
conducted in the Netherlands,22-28 five in the United Kingdom,27-33
four in the United States,3*~%’ three in Canada,?®-% one in Sweden*!
and one in Iran.4?

Figure 3 shows the risk of bias assessment of the included stud-
ies. Three studies were assessed as having poor quality and there-
fore a high risk of bias. The remaining articles had a fair quality rat-
ing. The most prevalent limitations were found in items related to sam-
ple size justification, exposure assessment prior to outcome measure-

ments and statistical analyses.
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FIGURE 3 Risk of bias assessment using the National Institute of Health quality assessment tool for observational cohort and cross-sectional
studies
3.2 | Diseases studied development and psychometric properties of each PROM are summa-

The majority of included articles focused solely on von Willebrand dis-
ease (VWD) (n = 13).22:24-28,34.3537-41 Other studies included patients
with inherited platelet function disorders (n = 2),2%33 coagulation fac-
tor deficiencies (n = 2),242 or a combination of different autosomal
inherited bleeding disorders (n = 4).27-31.37

3.3 | Measurement methods

Studies used different measurement methods including predefined,
routinely assessed PROMs (n = 11, 54%), self-developed PROMs
(n =5, 23%), or a combination of both (n = 2, 9%). Three studies used
semi-structured questionnaires assessing PROs in an interview format
(n = 3, 14%). The most frequently used predefined PROMs were the
Short-Form 36 (SF-36) and the Health Utilities Index (HUI). Of the 21
included studies, two studies validated the applied PROMs specifically
in patients with an inherited bleeding disorder.2¢-28 Assessment of the

rized in Table 1.

3.4 | Patient-reported outcomes

The included studies focused on several different PROs, such as
HRQolL, physical functioning and pain. Table 2 provides an overview of
PROs of included studies.

3.4.1 | Patient-reported outcomes in von
Willebrand disease

Health-related quality of life

Three studies assessed HRQoL in adult patients with VWD?25:38:40
(Table 2). Compared to the general population, patients with VWD
reported lower HRQolL, with the largest measured effects in the
domains vitality, social functioning and pain.®84° Barr et al. found that



Haemophilia. WILEY_™

VAN HOORN ET AL.

(senunuo))

se'sel

el

b

ozl

vzl

vzl

ezt

Sa1}jenb d113aWOoYdAS I=RIIEIEIEY]

‘(u) saipms

TO0UH
J9139q 93€21pUl 34025 JBYSIY (9
10 G) S[2AS] JUBIDHIP YHM SWaH 1YSIT

ToDUH
J49339q 93€21pUl 534005 JaY3IY (9 0}
€ WOJJ) S|9AS| JUSISHIP YUM SWaY T

a4
Jo Ajljenb Jaiood pue juawedwi
9.10W 91e21pul $9102S Jay31y ‘9|eas

149¥173u10d-G € U0 SWaY £/ 1049 ‘TZ

uolduny 19133q
9]B21pUl $9102S JaYSIY SWa £/

sa3els
y3[eay aA13sod a1ow 4o 191334
93e21pUl $3.100S JBYSIY D]eIS 141
juiod-9 03 - B UO pajed SWall OG

sajels
y3|eay aAisod aJow Jo 1a338q
9)e2IpuI $3100S JayS1Y (2]eds 14ax1]
jui0d-9 0} - € UO pajes SWa}l /8

swoldwAs Ja1ea.d
931e21pul $2.102S Jay31y ‘9|eds
149317 Julod-G uo pajes swall 0g

Suipuejsiapun

pUE |0J3U0D JUB W)

‘|0J3u02 |euos.Jad suolsuawip

93 404 30adxa uondadiad

ssau||l 9A13eS3U 93eD1pUl

$9400s Jays1y {QT 03 O WOy
9]e2S Jeau|| e U0 pajed SWa dUIN

Su1109s pue sway|

uled pue uoi31u80d ‘uoijowd
‘AJI9IX3P ‘uoie|nquie ‘ydaads ‘Sulieay ‘UoISIA

(€1NH) uted pue ‘uoi31u30d ‘uoljowd
‘A}1493Xap ‘Uoire|nquie ‘Yydaads ‘Sulieay ‘UoISIA
‘(zINH) uted pue ‘uoius0d
‘UOIIOWD ‘D48D-J|3S ‘A}|IqOW ‘UOI}ESUDS

24n1ny pue ‘sdiysuoijelau ‘3uidod ‘Jioddns

paAIsJad Quawiiealy ‘usyiesiapuiy/|ooyds

AJasunu ‘9)doad Jay3o ‘spusly ‘Ajiwey
4|9S4N0A JO M3IA ‘BUl|23) ‘Y3eay |edisAyd

Slom
pue ‘310ddns [e120s ‘uoijouny wJe ‘A}aixue
‘uoissaadap ‘uted ‘uiAl| Ajlep JO SI}IAIIOE

‘S913IA130€ |BID0S ‘A}IAI30E ployasnoy
‘A31193xap ‘AJIA13oe [Bd1sAyd ‘A|IqoIN

y3jeay ui aSueyd pue ‘uoisayod

Allwey ‘sa13IAI10€ Ajlwe) AnolAeyaq ‘yijesy
|ejUBW ‘W)Sa-4|9s ‘|euoijowa-3oedwl
juaJed ‘Dwij-1oedwi Jualed ‘Suiuoiouny
|ednolAeYa( |e120S/3]0J ‘Suluolzduny
Jeuoijows |e120s/3j0. ‘uted Ajipoq
‘Buluoiiouny [eaisAyd |e1oos/s|0J ‘Suiuolduny

|eaisAyd ‘suoijdadsuad yijesy |essusn)

y3jeay ui a8ueyd pue ‘uoissyod

Allwey ‘sa13iAIoe Ajiwes unolAeysd ‘yijesy
|eIUSW ‘Wa3)53-4|9S ‘|euoijowa-1oeduwl
juaued ‘Dwij-3oedwi Jualed ‘Suiuorouny
|eanolAeyaq [e120s/3|04 ‘Suiuoliduny
|euoljows |ed0s/aj0J ‘uted Ajipoq
‘Buluoiiouny [eaisAyd |e1oos/s|oJ ‘Suiuoliouny

|eatsAyd ‘suoiydasiad yijesy |essusn)

uojssaudaqg

$10}2€4 |ESNed
pue ‘asuodsaJ [euoijowa ‘Suipuejsiapun
‘UJ92U0D ‘A}IJUSPI ‘|0JJUOD JUSWIIEI}

‘|043u02 [eUOS.Iad ‘BUI|aWI3 ‘SRIUBNDASUOD

sujewop /suoisusawiq

SJapJosip Sulpaa|g pajiayul [EWOSOINE YHM S3uajjed Ul pasn sainseaw aWod3no pajlodal-juaijed

Snje3s Yj|eay ssasse o]

ToDYUH
pue snjejs yjjeay ssasse o]

eljiydowsey ypm
uaJp|Iyod ul JoOYH ssasse o]

SiYMe yum

sjualiied ujuoiouny |e1os

pue Ayijigow ‘uted ‘yijeay
|eqo|3 ul sa8ueyd ainseaw of

TODYH (8T ~-G sa8¢e)
S,p|1y2 J13y3 Jo suondsdiad
S J9AI83.1eD SS95S5B O]

Ua4p|Iyd ul JoDYH SSasse o]

swojdwAs aAIssaudap
40O A}1U9ASS SSasse 0]

ssau||1 o
suo|3ejUasaIdal [BUOIIOWD
pue aA1}1US02 8y} SSasse 0]

wy

RISEIIET)

PISEIIETS)

J14109ds

-aseasiq

Jy10ads
-aseasiq

BISETIETS)

PISEIIETS)

J148UsD

RJEENED)

adAL

€INH

OST¥SEZINH

TOD-owaeH

134eCSINIV-A

054d -OHD

£84D2-DHD

a-sad

OdI-g

juawnIsul
Jo aweN

T31avl



VAN HOORN ET AL.

22 | WILEY Haemophllla.

94117 40 AY[enD) Pa3e|Y-y3eaH “TODYH 21095 L3[eaH Iulof eljiydowaeH ‘SHIH 94005 1517 AHAIY

ydowaeH ‘ZINH ‘€ HHeA Xapu| s2

-ccigz SO|2131€ OM} Ul pa3I0dal 249M S3131[eNnb J1438WOYIASd
'9|e2S S0[BUY [BNSIA ‘SVA ‘9€ W04-110YS 19€-4S ‘3)17 JO Ajjend 1JoD ‘ddleuuol}sany uled
ID2IN ‘DdIA {s4apJosip uoiouny 3aja3e|d pajliayul ‘g4dd| 241euuoi3sand a1 Jo Ajijend J9|ppoL pue jueju] “JODAI @41euuoizsand Awouoiny pue uoijedidijied uo pedw| ‘Dvd| ‘eluadojAdoquiolyl sunwwi q |

N YHeaH ‘CINH ‘2J1BULOISAND WaN-GT £/ HJEIN Xopu] $3)

N YeaH

DSTPSEZINH 1T HeIN Xapu] SN YESH “TYH USIPIYD 104 3J1BULOHSIND 3417 J0 AN[enD eljiydowseH “TOD-O0WSBH ‘Z-53[B9S JUSWNSE|A 3oedW] SHIYMY 41N P34eZSNIV-d ‘0§ Wod usled a.ieuuol;
-53ND Y3E3H PIIYD ‘05 4d-DHD 1£8 W04 plIyD 2JIBUUOASAND Y3ESH PIIYD ‘£84D-DHD !9[eds Uoissaidaq salpnis [ealSojolwapid] 104 843u8D ‘Q-S3D f2J1eUUOISAND UONRdedIad Ssau|] Jolig ‘DdI-g :SUoHDIAIGqY

ozl
sz zseezeel
9zl
2|qedidde Ajp.e./1anau,
10 9|gedijdde
Jou, pa.ods suoljsanb
ay3 4o Ajiofew ay |
's1ap.Josip 39j93e|d ypm
uaJp|Iyd 404 34nseaw
SWO023N0 3|gen|eA
Ejousl|ool d1] SP™ 3yl cel
vzl
9zl
69" =°1:0vdIl/TVH
z9 ="
:Adewwuns jJusuodwod
[e21sAyd 9g-4S/1vH
G9' = °1:8ujuoijouny
[e21sAyd 9g-45/1vH
TL-="
SHIH/TYRIP!eA 3onJ3su0) 87'92C
2Saljljenb J113dWoYdAsd [ERITESEYEY]
‘(u) seipms

uled Jo S|2A9)|

J3ys1y 23ed1pul $3400s Jaysiy ‘aul|

wo-QT e Jo y33us| ay3 Suoje juiod
3UO Je pade|d yJew usjlumpuey
€ U}IM papJuodad aJe swoljdwAs

A31]1gESIP JO S|9A3] JOMO|
91e21pul $34025 J3Y31Y Swa 9g

uled Jo s|aAs| Jay3iy

9]edIpul $34025 Jay31y 9|eds
14917 3ul0d-G € UOo pajed swall 0g

341 Jo Ayjenb

JaJo00d pue aseasip Jo 3oedw

4918343 93ed1pul $24025 Jay31y
:9]e2s 149317 Julod-9 e uo swayl 97

TODYH 491199

2)e21pul $2100S Jay31y ‘3]eds 1431

juiod -9 0} - B UO pajed SWal /4

uolnjedidijed ul

swa|qo.d jo uoiydadiad 4a3eaus uo
uoljedidilied ul uolILIISaL J91eaU3

3)e21pul $3103s Jay31y ‘ajeas
14917 Jul0d-1, B UO pajed SWa 4E

snjejs [euoljduny Ja3eaJs ajedipul

$2400s J2y81y ‘a|eds 143317 3ulod-9
€ UO paje. SUIBWOop / SSOJ0e SWall gt

Sul10ds pue sway|

uted

y3j|eay [ejusw pue ‘|euoijows s|o.
‘3uiuoiiouny |eId0s ‘AJljellA ‘yjjesy |esauad
‘uted Aj1poq ‘|eaisAyd ajoJ ‘Sutuoizouny |ed1sAyd

uted Jo
$309dse 9AI1eN|eAS pue dAI3094Je ‘AU0SUDS aY |

sujewop aje.Jedas oN

yjeay ul a8ueyd pue ‘uoissyod Ajluey

‘aw-3oedu |ejuaded ‘euoijows-jedwi

|ejuaJed ‘suoidadiad yjjeay |esouad ‘Suoje

3u13398 UnoiAeyaq |edausas ‘spoow pue

Juawesadwa) ‘uted Ajipoq ‘yuswdojanap
pue ymous3 ‘Suiuoijouny [eaisAyd

uoljeanpa pue
340m pied ‘sdiysuolje|ad |e1d0s ‘sajoJ Ajiwey
‘5100PIN0O AWOUOINE ‘SI00puUl AouoINy

S313IAI30B AJWD4IXa
19MO| X3|dWod pue ‘Sa13IAIIIe ANWSIXS
JaMO| 21seq ‘SallIAIIoe Ajwaalxa Jaddn

sujewop /suoisuawiq

ued julof ssasse o]

JO0OYH Jo Jusuodwod
|ejusw ay3 pue Jusuodwod
|eatsAyd ayy ssasse o

2oualiadxs uled
9A1393[gns ay3 Jo saijijenb
JUS.I3JJIp 93 SS955B O]

dLlymm
UaJp|Iyd Ul JODYH SSasse o]

TODYH (G-0 sa3e)
S.pl1yo 419y3 Jo suonydadiad
S, J9A13.8eD 559558 0]

uornjedidied AjJlunwwod
10 [9A3] 81 $S8sse 0]

jqe
|euol3ouny paAladJad-4|as
10edwi syuswitedw juiof
aAIssaJ30.d pue saposids
3u1pas|q Moy sulwIa19p 0]

wy

BIFEIE]) SVA
J1IUD 9€-4S
RJEENED) OdW

Jy10ads
-osessig 1001 411 SPIA
JLIBURY 7001l
RIEENED) ovd|

Jy10ads
-aseasiqg VH
adAL juswnuasul
JoaweN

(penuiuod) T 374VL



(senuiuo))

6T-€T :98ues g

Haemophilia. WILEY_L®

VAN HOORN ET AL.

9T :uesw T
:(s1eak) a8y
‘|ooyds Suissiw pajiodal
sjualled a3 JO sUOU ‘QUBWIIES] J91JE pUE ‘UoijenJisusw Jiayl Jo 93P IXd b
9snedaq |0oyds Sulssiw pajiodal syusiied Jo Jjey 3sow|e quswiesu) 910499 giRlIedYH ¢
‘eaylaouawisAp pey sjuaijed Jo %/ T ‘Juswiealy €1:d4dl ¢
191Je pue eayaiouswisAp pey sjusijed JO %488 ‘Juswieal) aioeg e30Y.I0UsWSAQ Y 0Z:AMA T
~10DYH Mo| pey jualjed ou jsow|e salllAIde Alle ¢ (o1ewsay |[e) gINH pue
Juswieal] Jsije pue ANAIDE Ajlep pue yjjeay |esauas Jo ulewop syl yeay |essusn g aJieuuolisanb S19pJosIp SuIpas|q pajlJayul JUSIBLIP YIIM sAN
uo Ajje1dadss “JODYH Moj pey sjualied Jo jjey punoJe ‘quswiesad)} a10jog JODYH T oypy T sjualjed gi,943uad 9|3uls ‘OA1309ds0.4319Y ‘(0T02) 1832 “D ‘YD
“10D¥YH Y3m pajejatlod jou st adAjouayd Suipaslg
‘uswl 03 paJedwod ujed 940w dABY USWOAA ‘S AJ[eUA G
‘AdD pa12adsns y3m sjualjed yyesy |essusn 4
0] paJedwod JODYH Je|iwls aAeYy dD PaWIJuod yum siualled ‘g uled ‘¢
(10" >d) Suluoipuny [e12os 3ujuonouny (91ewa) %18) AdD czSPUelIdYIdN
pue AjijeliA ‘yijesy jedsuasd ‘ured ‘Buiuoiiouny |edisAyd surewop ay3 |e1nos pue |edisAyd 'z 9¢-4S ¢ yum sjuaijed pajoadsns 1o pSWIJUOD 9GT a2yl ‘(0zoz)‘le¥e
ul Aj|e1oadsa ‘ejep aAlzewLIOU 03 paedwod TODYH J9MO| AeY Sjualied T JODYH T Odl-g T 2J3Ua213NW ‘9A1329dso.d ‘M ‘siea8mnee|g
€/-€1 :@8ues ¢
9'gguesaw ‘T
(s4e2A) 23y
‘(50" > d) uted pue uoiIu802 ‘uoIjows JO sulewop
9y} uo A[|e12adss ‘Usw 03 paJedwod JTODYH 42MO| SABY USWOAA € T:gadAl €
‘AJIAIDD€ [ea1sAyd ul suoijeliwi] JuediyIudis ou aAey sjusiled g 6:72dAl T
(S0">d) uted uled '€ 8T:T9dAL T
pue uoi31uSod ‘UoI}oWd Sulewop sy uo Ajje1dadss ‘ejep aAljew.ou ANAde [eaisAyd g cINH (31ews) %19) AMA scEpeUED (£00T)
03 paJedwod JoDYH J2/00d pue sniels Yyijeay Jamoj 9Aey syualjed ‘T JO008H T -OST3AYSECZINH T ym sjuaired 8za43uad 9|3uls ‘©A130dso.d ‘le1s “qQ -y ‘Meg
(SO > d) W OO0T |eM 03 SUOIIeIWI| 3I9AS YHM
pajeldosse Ajjuapuadapul aJe ¢ adA} QMA PUE [IAg ‘X3S ajewa} 98y G
(1O > d) suoireyiwi| |eaisAyd o3 anp uoljedidijed (02) 62 :€ 2dAL ‘€
140ds ou y}m pajeldosse Ajjuapuadapul aJe ¢ adA} QMA PUe |INg 93V (T2)8e:zadAL Z
(0" > d) uipa3|q Jo aeay 03 anp uonedidiyied (02) OF :T 2dAL T
}ods ou ym pajedosse Ajjuapuadapul ale ¢ 9dAY QMA pue ady ‘g :(QS ‘s4esh) uesw a3y
"(%9°8) SUOSEa J3U30 10 (%6°9)
8U1pa9|q Jo Jed) (%6°9Z) suolreiwl| [edlsAyd (%t /) uoleAlow €z:gadAL g
J02B| (%" L17) W13 Jo >oe| a.e spaods ul 9)edidilied 03 Jou suoseay g T10g:zadAL 2
(€5 =d)epue 9¢-4S T YLy TdAL T zzSPUelIdYIdN
Z2'T 2dA1 MA Y3m sjuaiied usamiaq uoljedidiled 310ds ul 9dualaIp AiAnoe [edisAyd g aJieuuol}sanb (21ewa4 %T9) AMA ayL
ou sl aJay} pue sylods ul pajedioipied (%£°69) syuaiied Jo Ajofowi ayy T uonijedpijiedyods T oypy T Uam sjusljed gg/913uad13 N ‘dA13dadso.d (6702) 1832 “4 ‘bny
2SUOISN[2U0D pue sOYd SO¥Yd painsesay SINOYd (o3e ‘adAy aseasip ‘1apuas ‘u) uoize|ndod Aaunod

JO saljsiia3oe.aeyd pue usisap Apnis ‘(1eak) Uoyiny

SJapJosIp
SuIpa3|q pajlJayul [BWOSOINE UO S3IPN}S PapNn|dul 3y} JO SaW03N0 pajsodal-juaiied uo sguipul) pue sainseaw aWwod3no pajlodal-juaijed pasn ay} ‘sol13siialdeleyd Apnis Jo MaIAJIGAQ  Z 379 V.L



VAN HOORN ET AL.

2 | WILEY Haemophllla.

(senuiyuo))

~J0DYH YHM pajeldosse AjaAlrpSau ale (TO0" > d) 9seasip Aq palayioq
8ulaq pue (TT0" = d) Sn1els yieay (ze0" = d) A1Ianas Suipaslg ‘¢
(22T = d) usw 03 paledwod JODYH D[IWIS SABY USWOAA Z

‘snjels
y3yjeay |eqo|3 Jay8Biy 10 poos e aAeY (%£9) siuslied Jo Jjey ueyi suoN ‘T

(0T >d)

ejep sAljew.Iou 03 paJedwod ulbd Ajipoq aiow aAeY gIAH Y1Im sjusiied

(0T < d) TODYH Jo 524025 pjiwis oAy ¢ pue Z ‘T 9dA} AMA YHM sjuaiied
(0T <d)

e1ep SAIlEWLIOU 0] paJedwod TODYH JO S|9A3] pjIWIs 9AeY Sjualled
'(%S°St7) ¥10Mm 01 08 01 AjljIqe BY] pUE ‘(%Z°'89) suolledeA

“(%L°2L) a1 Allwey ((%6°06) poow uo sjuaijed S$109)4e UOIIENIISUSIA

*(50">dd sutewop [ea1sAyd pue [euoijowa ‘|e120s ay3 ut

$9.1025 TODYH 4omo] oAey adAjousayd Suipaa|q 949A3S Y3IM UIP|IYD|00YdS
(50'>d) Adewwns [eaisAyd
pue sai}iAloe Ajlwey ‘jeuoijowa-3oedwi jejualed ‘yyeay [esauas ‘uted
10 sulewop ay3 ul Ajje1oadss ‘e1ep aAlzew.ou pue g pue T adA1 QAMA Yiim

sjuaijed 03 pa.uedwod JoDYH Jamo| aAeY g adAI AA YHM Ua.p|1yd|ooyds
‘(uaJpjiyajooyds

pue jooydsa.d) s|41S pue sAoq usamiaq JODYH Ul 92UIBHIP ou S 343y |
'(S0">d) Aewwns [eaisAyd pue yjjeay |esauas ‘|eanolAeyaq/|euoijows
- Sujuonouny sjoJ ‘Suiuoilduny eaisAyd Jo surewop ay3 ul

AJje1adsa ‘ejep aAljewiou 03 paledwod JODYH 42Mo] dABY USJP|IYD|00YdS
"(S0'>d) Yaleay ul a8ueyd ulewop a3 Ul $9403s JaySiy pue (G0>d)
12edwi swij |ejualed pue yjjeay |eaauasd Jo sulewop ay3 ul Ajje1adsa

‘ejep 9Al1ewIoU 0] pasedwod $3103S JODYH 12M0| 9ABY USJP|IYD [00YdSald

(S0 > d) ¢ pue T adA) QMA Yam sjusijed
03 paJedwod ‘Atewwns jusuodwod [edisAyd pue uied ‘Suiuoriduny
|ea1sAyd sutewop ayj ul 1omo| 9402s € 9dA} QMA YHM sjudljed
(TO0" > d) 10DYH
JO sujewop |eaisAyd uo joedwi aA1IpEauU e aAeY $9402s 3ulpas|q JaYy3IH
(SO0 > d) AljeiA pue uted suiewop
Y3 uo Ajje1oadsa ‘ejep aAIjew ou 0} paJedwod JODYH 49MO| e dABY USIA|
(To0 >d)
Atewwns jusuodwod |eaisAyd pue AjijeliA ‘Yieay [esauas Jo sujewop
33 U0 Aj|e1dadss ‘ejep aAljew.iou 03 patedwod JODYH J2MO| SABY USWOAA

SUOISN|2U0D pue SOYd

snjels yieay [eqojo g
TOOH T

S313IAI30€ 34| ||BISAO UO
uoljenJjsuaw Jo 1edw|
T00YH

uled

Sujuoijouny [e100S0YdASd
yi|eay |eauan
Sujuoiouny [ed1sAyd
700YH

uled
yj|eay |etauan)
AjiAnoe [ed1sAyd
ToDYH

sOYd paJnseajn

J0D-owseH

9€-4S

TODLI
0S4d-DHD
£84D0-DHD

9€-4S
SINOYdd

QT -1 :98ueu
(0G1) 96°€T :uesw
(@S ‘s4eah) a3y
€ PP INIAIR AL
839P [1IXd
8 J9p IXd
L3P X4
ST PP 1AL
C PP AL
6:39pP 14
(o1ewa) %9t)
S910UBIDI4ap 4032k} dJed Y}Im sjualied G
913U92 9|3uls ‘9AI329ds0ld

1G-6T :28ueu

(1'8) T'S€ :ueaw

(As ‘s4eah) a3y

{7 :g adAL

1T :z9dAL

GT T adAL

(oleway ||e) AMA Yrm syuaized og
2J3ud2 9|3uls ‘DA13dadso.d

/1-€ :93ueu

(s1e2A) 23y

GT :¢ adAL

617 9dAL

697 2dAL

(S31eWS) %T ) AMA Yiim sjusijed €T
911Ud13|NW ‘9AI329ds0.d

/8-97 :23ueu

:(s4eak) a8y

0T :payidadsun

TZ:€adAL

961 :zadAL

z8z 1 2dAL

(31eW) %29) AMA Yrm sjuaiied 605
943U3213NW ‘9A1323ds0.d

(o38e ‘adA3 aseasip ‘1apuas (u) uoize|ndod
Jo sa13s14930e4eYD pue usisap Apnis

2yUBI1*(£102)
‘|e 39 “s ‘yeuedySeH

1UBPAMS *(9107)
‘[e 32 | ‘A0IOAOD)

yzSPUBlIBYISN
3yl (TT102)
‘e 39 “IN "3 ‘99 3P

szSPuelIdYIaN
ay1(0102)
‘e 39 “IN "3 ‘99 Op

Anunod

‘(1eaA) aoyiny

(panunuo))

¢3ilavi



Haemophilia. WILEY_L>

VAN HOORN ET AL.

(senunuod)

‘(#00° = d) S|043u02 03 paJedwod
(100d .0 aiey) yjjeay jo uoindadiad aAnzedau pajiodau uazjo aiow jusijed
(700" =d)
$]043U02 03 paJedwod uoljenJIsuswW Jisyl Aq 9]A3sajl| pue (sailAlloe
|BI20S pue }10M 3ui1no.) ANAIDE Ul Pa)23)Je A[2A13DBaU 210U S19M Sjusiied
(2" <d)
$]043u02 03 paJedwod uoissaadap Jo adua|eAa.d Jpjiwis dAeY sjuaijed

‘3ujuollouny |eosoydAsd pood aney sjualjed 3SOIN
‘Pa413 30U UBY) U23J0 2J0W S4B USIP|IYD JO J|ey Uey) 2J0|A
‘yjjeay |esauas poos aney sjuaijed 3So|A|

‘BulA||nq pue uolje|os| ‘uoijesizewsiys sdusliadxs sjusijed Jo dnoa3qns
*AJ1]1149) INOQE SUI9DU0D SAeY Sjualjed Jo Jley punouy

“1apJosip
3u1pas|q 413y 03 anp uonjedidilied uods uil pajiwi| si susijed Jo %08
"95easIP J19Y1 Aq pa3dayse A[9SI9ApE J0U 21e (%06) Siualied |[e 3sow|y

(TO">d) pey sjuaned %¢'g
JUSWIEAI] J9)JE PUE HIOM AJIep Y}IM ES0YLIOUSWISAP JO 9DUID)I)UI
2J0W Jo Aj93el9pow pajlodad sjuaijed Jo jjey uey3 240w JUSWIel] 210499
(10" > d) Bd0YaI0udWSAP
pey syuaiied %9 9T JUSWILI] J91J8 PUE ESOYJIOUSWSAP
2J9A3s 0 9)eJapow pajlodau sjuaijed JO %8G Juswieal) alojeg
(10" > d) AnlAnoe Ajlep pue yyjeay pue yjjeay [eauas
U0 $2400s A|[e123dsa (T000" > d) 2A04dw] S2400S TODYH JUSWIed} JOYY

LSUOISN|2U0D pue sOYd

uolydaouad yjesH

uoissaidaq
SlSER]

pue saniAlde Alleq

Sujuo3ouny [B120SOYIASH
yjjeay |esausny

uoljedidijied juodg
ToDYH

e20yJJ0UsWSAQ
AyiARoe [ed1sAyd
yieay |etauan)
ToDYH

sOYd paJnseajn

a-s3ad
aJieuuoiysanb ooy py

dnoJ8 sndo4
1001 dLI SPIA

dnoJ8 sndo4
aJleuuonysanb ooy py

aJreuuoiisanb ooy py

SINOYdd

(88 = U) AMA INOYUM S[eNnpIAIpY|
:dnoug joajuo)

0/-87 :98ueu

(6TT) 6€ :uesw

(@S ‘s4eah) a3y

(S1eway [|e) AMA Ym syuaized ZoT
913U3D13NW ‘DAI323ds0.1d

/1-9 :23ueu

TT :ueaw

(s1eah) a3y

(31eWa4 %085) AdD Yym syusijed 9
943u92 9|3uls ‘9AI3dadsold

-6 :98ue.
(TZ'S) 86T :uesw
(@S ‘saeah) a8y
T :umoudun
¢S
TP A4
TP IINA
T J9p X4
C PP IXd
¥ :d4dl
€ 43P 111Xd
6 :J3144ed YH
€C:AMA
(9]eway ||e) suapJosip Suipas)|q
pajiiayul Jusiayip yiim sjuaiied Gy
913U92 9|3uls ‘9AI399ds0ld

1G-1¢ :28ueu

{7 :ueaw

(s4e2A) 23y

Z Ja1ued yH

T 9P X4

¢ ¥9PIXd

¢:d4dl

¢ H91IBd YH 3 AMA
€:AMA

GINH pue (3[ewsa; [[e) sJaposip SuIpaalq

pajliayul JuaJaLIp Yiim syuaijed g1
943u32 9|3uls ‘OA130ads0439Y

(o8e ‘adAy aseasip ‘1apuas (u) uoize|ndod

JO sa1js1Ia3deIRYd pUE Usisap Apms

»VSN *(€00T)
‘|e 38 “y ‘enery

N '(8T02)
1839 ) Jreyy|

1N (ET0T)
1839 “) Ureyy|

0eXN *(2102)
[e3®“A4‘bnH

Aunod

‘(1eak) Uoyiny

(panunuo))

¢3ilavil



VAN HOORN ET AL.

2% | WILEY Haemophllla.

(senunuo))

(65 = d) Aduaidlap uoJi ou ypm

USWOM 03 paJedwod JODYH 4pjiwis dAeY ADUSIDIJDP U0 YIM USWOAA
(TOO" > d) 9IAH OU Y3IMm uswom 03 patedwod

S9IMAIIE Ajlep UM gIAH JO 92Ua1)49]uUl 210w SABY gIAH YHM USWOAA
(200" > d)
uled pue (TOQ" > d) UoI131us02 Jo sulewop sy3 uo Ajje1dadss (100" > d)

dIAH OU Y3IM Uswom 03 pasedwod JoOYH 42Mo| 9AeY gIAIH YIIM USWOAA
(007" =d) GINH Pue 43p.0sIp Sulpa3|q Pa31IaYUl JAU30 UM

UaWOM 03 paJedwod JODYH 4pjiwis dAeY gIANH Pue AAA YHM USWOAA
‘(S0" > d) e1ep aAllewIOU pue JapJosip Suipas|g palliayul 13y1o Yyiim

UaWoM 03 paJedwod JODYH JoMo| dAeY SJedA 1,8 03 07 WO.) paSe USWOAA
(6€0" = d) AMA Y3M UdW pue (LTQ" = d) S4apJosip Sulpas|q pajliayul

19430 Y3IM USWOM 0} paedwiod ToDYH 42Mo] aAeY QAA YIHM USWOAA
(P16 =d)

._OOmI Abj1WIs a2AeY aseasip JOo >H_Lm>ww 10 wn_\ﬁ JUSJBIP YIm sjualied

'S9JUdLIDAXD

aA13ONpoudal 112y} 9q1I0S3P 03 SIAIFI3[pe aA13pBau asn Ajliewjd syualied
‘9J1] |[ENX3S pue awoy ‘dlwapede J1ay} uo 3oedw| aAlzeSau

e pajJodal pue giAH 2q140Sap 03 SaAIFI3[pe aA3bBau asn Ajliewid sjuaijed

(€0"=d)
$]0.3U02 03 paJedwiod JODYH Jamo] dAeY sjuaired uoljensisusw Surng
’S]043U02 03 patedwod (TOQ" = d) Y40M AJ1ep Y3IM E20YJI0UdWSAP

JO 92U3J3J133Ul PUE (4TO" = d) EI0YJI0USWSAP 210W dAEY SIUSlIed
(2000 = d) S31HAIIE AJ1ep pue (500" > d) YHeaYy [elauss jo utewop
3y} U0 Ajje1dadsa ‘s|043u0d 03 patedwod JODYH 1oMo| dAeY Sjudlied

‘dIAH 01 anp jooyds

10)40M wouy dwi) Buisof 11odau sjualied Jo (%91) Jey Ajorewixoaddy
(TOO > d) 10DYH
|ledano pue poow ‘das|s ‘@)1 Aofua 03 Aj1jiqe ‘saljIAIloe Ajlwe) ‘jooyds
0} 08 10 )40M 0] AijIqe ‘A}IAIIDE. |eaaUaS SUlBWOp 3y Ul S|0J3U0D 0}

paJedwod uoljenaisusaw A1y Aq pajdajje AjaAIzpSau 910w 919M sjudijed

-SUOISN|2U0D pue sQYd

saljIAIoe Ajleq

To0YH €INH

31A15341] PUE SIAIRIY

ERIEIFETNEY
y3jeay aA1onpoliday aJleuuolisanb soy py
ea0yJJ0usWsAQ
yijeay |etauan)
JOO¥H aJleuuolisanb soy py

Sujuoijouny [e100S0YdASd
ToDUH

SOud painseay

aJ1euuolisanb ooy py

SIWOYdd

8-¢7 :28ue.
(s1e2A) 23y
96 :(o]ewsay ||e) suapJosip Sulpa3|q Jay10
6G€ :AMA

(31ewa) 9%G°G/) s4spJosip Sulpas|q
pajlIayul JuSIaIp Ym syusized /T
9.13u92 9|3uls ‘9AI3dadsold

G :ueipaw
(s1eaA) a3y

¢ adAL

2T 7 2dAL

86 T adAL

(d1ewa4|18) AMA 28
243u22 9|3uls ‘9AI3dadsold

(Z = u) |e31dsoH 93.4 |eAoy 1e JJe3s ojewa
:dnou8 joajuo)

0G-GT :28ueu

GE :uelpaw

(s1e2A) 23y

(31ewy ||e) Adusidlap |IAS Yam sjusized 4T
943u92 9|3uls ‘9AI1329ds0ld

(osT=U)
QM OU puE S3[2A2 [enJIsusW Y1IM USWOM
:dnoug joajuo)
61-TT :28uel
(£01)0TE uBDW
(As ‘s4eah) a3y
18:7adAL
(Sleway |je) AMA Yrmsjusijed Tg
941U9D13|NW ‘9AI129dS0.d

(o8e ‘adA aseasip ‘1apuas (u) uonje|ndod
J0 so13s1ua1ok1RYD pue usisap Apnis

(penunuo))

scepeued
(€T0T) 1839 “D vy

5cVSN
"(6102)
‘e 32 “7°V ‘|leyste

zedN
'(9002)
‘e 39 “y ‘lueny|

<cVSN "(0002)
‘[e39 Y d ‘sapInoy|

AJ3unod
‘(1eak) Uoyiny

c¢3ilavil



Haemophilia. WILEY_L?

VAN HOORN ET AL.

(senunuo))

(800" =d) s|043u0d

0} paJedwod uled ajow aAeY Spas|q Julof Jo Au03siy e Y}Im spualied
“JODYH J2MO| pue spad|q Julof U9aM]aq UOIJRID0SSE

9y3 404 9|qisuodsad Ajad.e| 9q 03 swaas a3ewep julof (paliodal-)|9s)
‘Sujuoiiduny [eaisAyd urewop ay3 uo $a.102s YBiy yjoq aAeY spas|q

sjulof pataodau-§|as InoyM pue spas|q sjulof paziodal-§|as YyHm sjualied
‘leuoiows
9|04 pue SuluoilduNy [e120S ‘Y3jeay [epusw ‘yijeay [esauas ‘uted ‘Ajjeln
sulewop ay3 ul Aj|e1oadsa ‘spas|q julol pajiodal-}|9s Jnoym sjusaijed

0} pa.Jedwod JODYH Jamo| aAeY spaa|q Julof patiodal-J|as y3m syuaijed

‘Ayzedouyiie 3noyum syusijed o3 patedwod (1" = 4) poow pue (06" = d)
A3a1xue Jo S|aA3) pjiwis SAeY Ayjedo.yiae pue spas|q sjulol yim sjusijed
(T">d)
Ayzedouyiae 1noyiim sjusiied o} pasedwod Awouoinp pup uolpdiiripd
U0 $94025 JaMo| 9AeY Ayjedoayiie pue spas|q Julol yim sjuaijed
(TO" > d) Ayzedouyiae Jnoy3im sjuaijed o3 pasedwod
s|aA9) uted juiof JaySiy aney Ayjedouyiie pue spasjq Julol yam sjuaijed
(TO" > d) Ayredouyiae Jnoyyim sjuaijed o} pasedwod suoijejuwi|
|euonydpuny ajow aAey Ayjedoayle pue spasjq Julof yim spusiled
'$|043U02 01 patedwod (/8" = d) poow pue (c¢* = d) Alaixue
‘(¢ = d) ured juiof Jo sjaA3] IpjiLuls dAeY SPa3]q SIUIOf YIIM Sjuaized
‘(#T° = d) S|043u02 03 paiedwod Awouolne
pue uoijedidiyaed uo $3.109S Jb|IWIS SABY SPI|d JUIO[ Y3IM Sjulled
(TO" > d) s|oJ3u0d
0] paJedwod suoljeliwl| [euoi3duny aiow aAeY spas|q ulof yim sjusiled

'suoljed]|dwod paje|al QMA 42430 1o Suipas|q Aq pasned Ajdofew
93 ‘|ooy2s 10 3Jom wo.y sAep 150] sjualled JO %0t Ajorewixoiddy

LSUOISN[2U0d pue sOYd

uted (3utor)
ToDYH

ued (yuior)
uoissaidaq
A@ixuy

Awouoine
pue uoijedidijied
suoljeliwi| [euolduny

uojjedidilied

SOYd painsea

9€-4S

ured SYA

OdiN

Ovdl

IvH
194EZSINIV-A

aJleuuonisanb ooy py

SINOYd

(029 =u) spa3iq
juiof Jo AJojsiy ou pue gAAA YHM sjuaijed
:dnoug joayuo)
£8-97 :28ueu
(s1eah) a3y

spaa|q julof
Jo AJoisiy e pue gAMA YHm squaiied 8T
9J3Udd13NW ‘9A1323ds0.d

(8% =u) spa3|q
juiof o A1o3sly ou pue QMA Yiim sjusiied
:dnoJ8 joajuo)
8/-87 :23ueu
(s4e2A) 28y
61 ‘€ adAL
1Z:z9dAL
g:T odAL
spa3jqjulof jo
AJo3siy ‘(o]ewa) 9%0%) AMA Yaim jusized g
9.43U9213|NW ‘9A1399ds0ud

09-T :28ueu

2y :ueaw

(s4e2A) 23y

6L:€adAL

(91ewd) %85) AMA YHm sjuaired 6/
2J3Udd13NW ‘9AI329dso.d

(o8e ‘adA aseasip ‘uapuas ‘u) uonje|ndod
J0 so13siua1okIRYD pUe usisap Apnis

(PanunuoD)

,zSPUBlIdYISN
"(STOZ) 1832
“IN d ") ‘usjes uea

9zSPUBLIdYIdN
CUTRVAGIANRE]
r_>_ dM »:w_mU ueA

1eVSN

"(¥002) sweliM
°f pue |\ “4suwng

A1unod
‘(1eak) Uoyiny

c¢3ilavil



VAN HOORN ET AL.

2 | WILEY Haemophllla.

(#0" = d) ¢ 2dA1 GMA Ym sjusiied o3 paledwod Azewwns
jJusuodwod [ea1sAyd uo $2402s Jamo| aAey € 9dA} QAMA YHM sjualjed
"(S0'<d) TODYH 40 524025 JpjiLils d9AeY € pue g ‘T 9dA1 QMA Ylim sjusijed

(S0'<d)
JODYH UO S2402S UpjIwis dABY A}IISASS QAN JUDJ34IP YHM Sjudijed

(S > d) Buluonouny

|e120s pue A}|e3IA ‘Y3|eay |esauas sulewop ay3 Ul punoj Sem aduaJaip

1s93.e| 3y ‘|euoijows a]o. ulewop ayl ul 3dadxe (50" > 4) sulewop
9€-4S ||E Ul B3ep aAIjewLIOU 0} paJedwod ToDYH /oMo| 9AeY Sjualied

(10" > d) SPa3|q 3UI0f § > Y3im dsoyy
0} pa.edwod suoI}IWI] [pUOIIIUNS 2J0W SABY SPI3|] JUIO[ G < UM SJUDIed

LSUOISN[2U0d pue sOYd

SaNIAIR0. [edIsAUd
3ujuoijouny |eos
yijeay |edsuan)

Aljean
ToDO¥H 9€-4S
suolje}w|| [euoiouny IVH
SOYd pansea SINOYd

"3]q/B3 3Y3 U UMOYS 3¢ [[IM S3N[BA-d 3U} ‘S]213IE 3Y3 Ul papiAc.d ]

“95895IP PUBIGI||IM UOA ‘AMA ‘9[€S S0[euY [ENSIA ‘SYA ‘edLI9UIY JO $938IS PIHUN VSN SWOPSUIY PIUUN ‘MM ‘9E WI04-1I0YS ‘9E-4S UOIIEIASP plepuels ‘as
{SOW023IN0 patlodal-jualied ‘SO¥d ‘Soinseaw awod3Ino pajiodal-jualied ‘SINO¥d 241euuoiisand uied [[IDIA ‘DdIA ‘4938W ‘W ‘adleuuoi3sand) 417 40 A)end J9|ppol pue jueju| “JODL| ‘eluadojAdoquiolyl sunwiul
‘d 1| “apJosip uoiouny 39[93e|d pajIayu| ‘dd4| f2J1euuoisand Auouoiny pue uofedidiiled Uo 3oedw] DVd] 41740 ANEND paiejoy-UiesH TODYH € YelAl Xapu] SN YHESH ‘SINH DJ[BUU0ISIND Wal-GT
£/ SHBIN Xopu| 313N YHESH ‘OST ¥SEZINH BUIPa3|q [ENI3sUsW AAB3Y ‘GAH 124005 3517 ANAOY BljiydowaeH “TyH fUaJp|IyD 10} S41eUL0lISaND 3417 40 ANEND eljiydowaeH “JOD-0waeH ‘eljiydowsey ‘vH
‘ejuadolAd0quiody} s,uuewzuUe|S ‘| ) ‘AJUSIDIIP 4aP ‘Z-S9|EIS JUBWRINSES|A 1oedW] SIHIYMY YoINg ‘194eZSINIV-A opJosip 19]931e|d poo|q [eHuasuo) ‘gdD ‘0S5 W04 jJualed a4ieuuolisand YijeaH piiyd ‘054d
-DHD {£8 W04 p|IYD 341eUUOISAND Y3[eaH PIIYD ‘£84D-DHD 3[edS Uoissadaq saipnis [ediSojojwapids Joj Ja3uaD ‘0-53D Xepu| sselN Apog ‘|Ng ‘adleuuonsant uodadiad ssau|| Jolig ‘OdI-g :SUonvIAIqqy

(8T) G'LE :ueaw

(As ‘s4eah) a8y

{:¢ adAL

o1 :Z 2dAL

28T 9dAL

(olewd) %87) AMA YHM s3uaized ZOT
2J3u32 3|3uls ‘9A1393ds0ud

08-87 :23ueu
91 :uesw

(s1eaA) 23y
2T € 9dAL
of 1z 9dAL
87 T 9dAL

(3lewa) %01) AMA UM sjuaijed 94
943udd1}NW ‘OAI3d3ds0ud

(o8e ‘adAy aseasip ‘1apuas (u) uoize|ndod

10 so13sLI)deIRYD pUE usisap Apnis

opepeued

(£102) 183 “A ‘NX

gzSPUBlIdYIdN
ayl-(£102) |23
“IN'd ) ‘udleD uep

A1unod

‘(1eaA) Uoyiny

(panurjuo))

c¢3ilavi



VAN HOORN ET AL.

Haemophilia WILEY_L*

female patients scored lower compared to men in the domains emo-
tion, cognition and pain.®® Two studies found a difference between
the type of VWD and HRQoL measured.?>*° De Wee et al. found
that patients with VWD type 3 scored significantly lower on the
physical part of HRQoL and higher on pain levels compared to
patients with VWD type 1 and 2.2° The study by Xu et al. sup-
ports this finding and also found that patients with VWD type 3
scored significantly lower on the physical domain of HRQoL com-
pared to patients with VWD type 2.%° In contrast, two other studies
found no difference in HRQoL between patients with VWD type 1, 2
and 3.3837

One study?* assessed HRQoL in children with VWD. They found
that both preschool and school children had lower HRQoL compared
to the general population in the domain general health perception. No
difference was observed in HRQoL reported by parents of preschool
children across the three types of VWD. In school children, parents of
patients with VWD type 3 reported significantly lower HRQoL com-
pared to the general population and patients with VWD type 1 and 2.
No significant difference was found in HRQoL between boys and girls

in both preschool and school children.2*

Self-perceived physical functioning
Four studies26-28:37 measured the influence of arthropathy and joint
bleeds on self-perceived physical functioning in adult patients with
VWD. Patients with a history of joint bleeds scored lower on functional
abilities.262837 The Von Willebrand in the Netherlands (WiN)-study
found that patients with joint bleeds reported a lower overall HRQoL,
especially with regard to social participation and physical limitation.
In addition, they experienced more pain compared to patients without
joint bleeds.2627

The WIN study also assessed sports participation and physical activ-
ity in adult patients with VWD.22 Almost 70% of patients with VWD
participated in various types of sports. No difference in sports par-
ticipation among the three types of VWD was reported. Lack of time
(47.4%), lack of motivation (27.4%), physical limitations (26.4%) and
fear of bleeding (6.9%) and other reasons (8.6%) were reported as rea-
sons why patients did not participate in sports. Factors that were inde-
pendently associated with physical limitations included age, BMI and
VWD type 3.22 Patients with VWD type 3 participated significantly less

in sports due to fear of bleeding.

3.4.2 | Patient-reported outcomes in platelet
function disorders

Two studies?333 assessed PROs in inherited platelet function dis-
orders. Patients with inherited platelet function disorders show
decreased HRQoL compared to the general population. Significant dif-
ferences were found in the following domains: physical functioning,
limitations in daily activities, limitations in social activities, energy lev-

els and fatigue, pain and general health status.2®

3.4.3 | Patient-reported outcomes in coagulation
factor deficiencies

Two studies®24? assessed PROs in coagulation factor deficiencies. Chil-
dren with factor VII, X, XI, Xl and fibrinogen deficiencies reported
an impaired HRQoL in the domains family and friends, indicating that
the bleeding disorder had a negative impact on the relationships with
their family and friends. Lower health status and being affected by the
disease were significantly associated with HRQoL. No differences in
HRQoL scores were reported between men and women, the different

factor deficiencies and disease severity levels.*2

3.4.4 | Patient-reported outcomes specifically in
women with autosomal inherited bleeding disorders

Ten articles specifically focused on HRQoL in women because they face
reproduction related haemostatic challenges including the menstrual
cycle and child delivery.29-32:33-36.39.41

In women with inherited bleeding disorders, patients with heavy
menstrual bleeding reported significantly lower HRQoL compared to
those without heavy menstrual bleeding.3%343? Only Govorov et al.
found no significant difference in HRQoL score between women with
and without heavy menstrual bleeding.*! Menstruation and especially
heavy menstrual bleeding were reported as debilitating with regard to
daily activities,34-36:3941 social relations,3%4! sport activities?233 and
the ability to work or go to school.27:32:35.36.41

Four studies reported a high prevalence of dysmenorrhea in women
with heavy menstrual bleeding,2?3%323 and two studies evaluated
the influence of treatment for heavy menstrual bleeding and dysmen-
orrhea on HRQoL.2%30 The study by Chi et al. used a combination
of therapies including tranexamic acid, oral contraceptive pill, desmo-
pressin nasal spray and factor concentrates,?? whereas Hug et al. used
an ablative procedure as treatment for heavy menstrual bleeding.3°
Both studies found that treatment improved general health, daily activ-
ity, dysmenorrhea, interference of dysmenorrhea with daily work and
overall HRQoL2%:30 (Table 3).

3.4.5 | Association of bleeding scores and
health-related quality of life

Five publications assessed the correlation between bleeding assess-
ment tools scores and HRQoL.23-254042 Bleeding scores were
determined using validated tools including the Tosetto Bleed-
ing Score, 242542 the International Society on Thrombosis and
Haemostasis Bleeding Assessment Tool (ISTH-BAT)2340 and the self-
administered Bleeding Assessment Tool (Self-BAT).*? Three studies
found that a more severe bleeding phenotype (i.e., higher bleeding
scores) was associated with lower HRQoL,242°42 two studies did not

find such an association.2349 Higher bleeding scores were associated
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TABLE 3

Chi et al. (2010)[29]

Influence of treatment for heavy menstrual bleeding on health-related quality of life

Hug et al. (2012)[30]

Before After Before After
treatment® treatment?® treatment? treatment?
(n=24) (n=24) (n=12) (h=12)
General health
Poor 16 (67%) 1(4%) 8(67%) 0(0%)
Fair 5(21%) 4(17%) 1(8%) 1(8%)
Good 2(8%) 7 (29%) 2(17%) 3(25%)
Very good 1(4%) 10 (42%) 1(8%) 0(0%)
Excellent 0(0%) 2 (8%) 0(0%) 8(67%)
Health and daily activity score [median (range)]
AP 10(3-17) 2(0-15) 15 (10-20) 0(0-0)
B¢ 4(2-4) 2(0-4) 3.5(1-4) 0(0-0)
Dysmenorrhoea
None 0(0%) 3(13%) 2(17%) 10 (83%)
Very mild 0(0%) 12 (50%) 1(8%) 1(8%)
Mild 3(13%) 5(21%) 0(0%) 0(0%)
Moderate 5(21%) 3(13%) 2(17%) 0(0%)
Severe 11(46%) 1(4%) 3(25%) 1(8%)
Very severe 5(21%) 0 (0%) 4(33%) 0(0%)
Interference of dysmenorrhoea with daily work
Not at all 0 (0%) 7 (29%) 2(17%) 11(92%)
Alittle bit 0(0%) 10 (42%) 3(25%) 0(0%)
Moderately 3(13%) 5(21%) 1(8%) 1(8%)
Quite a bit 13(54%) 2(8%) 2(17%) 0(0%)
Extremely 8(33%) 0 (0%) 4(33%) 0(0%)
QoL score
Median (range) 26 (15-43) 44 (24-54) 17 (10-27) 54 (52-56)

Abbreviation: QoL; Quality of Life.

2Comparison in all categories between pre- and post-treatment were statistically significant (P <.01).
bHealth and daily activity score Aincludes a list of 10 activities varying in intensities, for example, running, climbing flights of stairs, lifting or carrying groceries

and walking, each scored 2 (menstruation limited the activity a lot),

1 (alittle), O (not at all).

“Health and daily activity score B includes four questions on whether they had to cut down on the amount of activity, accomplished less, felt limited or had
difficulties in performing work during menstruation. A score of 0-4 was assigned depending on the number of positive responses.

with lower scores on physical and social functioning, bodily pain and
general health in both children and adult patients with VWD.242>
One study adjusted for age, gender, comorbidity, employment and
educational status and still found significantly lower HRQoL scores in

patients with higher bleeding scores.?’

4 | DISCUSSION

The aim of this systematic review was to summarize the available liter-
ature assessing PROMs and PROs in patients with autosomal inherited
bleeding disorders. Integrating the patients’ perspective has increas-
ingly gained attention in both clinical research as well as in clinical
practice, especially since objective measures such as laboratory values

or bleeding assessment tools do not always reflect the impact of an
inherited bleeding disorder and its treatment on patient’s daily life. To
the best of our knowledge, this is the first systematic review assessing
PROs in autosomal inherited bleeding disorders.

This systematic review shows that overall, patients with autosomal
inherited bleeding disorders have lower HRQoL compared to the
general population. This trend is especially visible in the following
domains: vitality, physical and social functioning, pain and health
in general. The relationship between bleeding scores and HRQoL
was unclear, with some studies finding positive and others negative
associations.23-254042 This may be related to the use of different
assessment tools. However, it should be noted that bleeding scores
reflect bleeding symptoms that have occurred earlier during a patient’s
lifetime. Therefore, bleeding assessment tools are less able to convey
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changes in bleeding phenotype over time, for example after a specific
intervention or treatment.2>43 Most included studies focused on
patients with VWD, the most common inherited bleeding disorder, and
on women with bleeding disorders. Women generally scored lower
on several HRQoL domains compared to men, due to their specific
haemostatic challenges.

Heavy menstrual bleeding is the most common symptom that
women with bleeding disorders experience.** Prevalence rates range
from 32% to 100% in a large review on women with VWD.**

34-36,39,41

Heavy menstrual bleeding impacts daily activities, social

relations,3141 2233

sport activities and the ability to work or go to
school.29:32.35.36:41 \WWomen with inherited bleeding disorders without
heavy menstrual bleeding report better HRQoL.3%3437 Three stud-
ies suggested that lower HRQoL in women may be specifically asso-
ciated with iron deficiency anaemia secondary to heavy menstrual
bleeding.394%45 Treatment for heavy menstrual bleeding such as oral
contraceptive therapy or endometrial ablation was found to signifi-
cantly improve quality of life in girls and women with autosomal inher-
ited bleeding disorders.2%-30

The increased level of pain in patients with autosomal inherited
bleeding disorders is likely to be related to dysmenorrhea and joint
bleeds. The latter is, however, rare in autosomal bleeding disorders
and only occurs in patients with a severe bleeding phenotype, such
as in patients with VWD type 3.4¢48 Joint bleeds often lead to joint
impairment and can hamper daily activities. Dysmenorrhea seems to
be more frequent in women with heavy menstrual bleeding.2?:30.32.39
Although some studies in the general population also describe an asso-
ciation between heavy menstrual bleeding and dysmenorrhea, no clear
correlation has yet been identified.*?=>2 |t has been hypothesized that
heavy menstrual bleeding leads to retrograde bleeding, which is the
reflux of menstrual blood out of the uterine cavity and may result in
endometriosis with pelvic pain.>3°4 Another explanation is that heavy
menstrual bleeding leads to increased uterus contractions accompa-
nied with more pain.

Four studies focused specifically on other autosomal inherited
bleeding disorders than VWD.23:32:3342 |t s difficult to draw clear con-
clusions with regard to the impact of these disorders on PROs, as the
disorders evaluated were heterogeneous and patient numbers were
small. Generally, similar HRQoL domains were affected compared to
patients with VWD.

In contrast to research in patients with autosomal inherited bleed-
ing disorders, quality of life research in patients with haemophilia
has been conducted for several decades. Generally, patients with
haemophilia have a higher burden of disease compared to most
other inherited bleeding disorders. Patients need regular prophylac-
tic treatment with coagulation factor concentrates and may suffer
from hemarthrosis and synovitis with joint destruction. The HRQoL of
patients with haemophilia is especially affected in the domains of gen-
eral health, physical functioning and pain.>>=>7 This review found that
in patients with VWD similar domains were affected, however this was
most likely influenced by different disease symptoms. Heavy menstrual
bleeding was reported as a main influence on HRQoL, which is in con-

trast to patients with haemophilia as this predominantly affects males.

In both diseases; however, the severity of disease is strongly related
to the HRQoL of patients. In patients with VWD type 3, the most
severe type of VWD, HRQoL is comparable to that observed in severe
haemophilia, specifically in the domains physical functioning, general
health and physical component, although patients with haemophilia
scored lower.2°

Our study has several limitations. Firstly, a variety of PROMs are
used in autosomal inherited bleeding disorders. This heterogeneity in
combination with the use of non-standardized PROMs makes it diffi-
cult to assess and quantify PROs. Therefore, reported results and con-
clusions about the quality of life of patients with autosomal inherited
bleeding disorders should be interpret with this limitation in mind. Sec-
ondly, from all the used PROMs, only one PROM (i.e., the Haemophilia
Activity List) has undergone any degree of development and valida-
tion in patients with inherited bleeding disorders.2%22 The use of non-
validated or inadequately targeted PROMs in a study that has not
considered their psychometric properties may have adverse conse-
quences. This includes ethical concerns surrounding patients having to
complete measures that are incapable of capturing the patient’s per-
spective and can therefore have unreliable or biased results. Thirdly,
the various autosomal inherited bleedings disorders were not equally
represented in this systematic review and most studies focused on
patients with VWD. The latter is also partly due to the substantial
amount of studies originating from the WiN study group, which might
have led to bias as a result of partially overlapping sets of participants.
Fourthly, the NIH risk of bias assessment raised some key issues includ-
ing lack of effect sizes that allow for comparison between study popu-
lations and controls. This means, that even if a study finds significant
differences in PROs, the relevance of this result might be question-
able. Therefore, caution should be observed in the generalization of
findings. Additionally, only a minority of studies adjusted for key con-
founding variables such as demographic data including age and socio-
economic status, while these factors have been previously described as
predictors of HRQoL.>8-60 Fifthly, only few studies compared the study
population with the general population or patients with and without a
certain symptom. This limits the capacity to attribute causality. Lastly,
additional unpublished work or studies published in languages other
than English were not included in this review, which may have biased
the results.

Our systematic review highlights the need for future studies using
established standards to analyse PROs in patients with autosomal
inherited bleeding disorders. The use of a validated method to evaluate
and compare PROs across populations, conditions, research studies
and clinical practices is important to improve quality of care for
the individual patient. An example of such a method is the Patient-
Reported Outcomes Measurement Information System (PROMIS).
However, one should be careful that in diseases that only have a small
effect on HRQoL such a generic instrument might not be sensitive
enough to measure a clinically meaningful effect. In that case, a
disease specific measurement may still be necessary which need to
be developed in patients with autosomal inherited bleeding disorders.
Furthermore, it is important that future studies focus specifically

on woman due to their haemostatic challenges and the association
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between bleeding scores and PROs. Finally, with the right PROMs,
measuring PROs in patients with autosomal inherited bleeding dis-
orders could help with the -sometimes difficult- decision to start
treatment for specific subgroups of patients, for example, patients
with a more severe bleeding phenotype, like VWD type 3, who may
benefit from prophylactic or other supportive therapy.
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