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Chapter 1

General introduction



Introduction

Osteogenesis Imperfecta (Ol) is a rare congenital connective tissue disease with a prevalence of
6.5 per 100,000 live births "2, Ol is often referred to as “brittle bone disease” because fragile bones
and high fracture prevalence are one of its most prominent features. However, the features of Ol
are much broader as the underlying problem in most cases involves an abnormality in collagen type
1 production. Collagen type 1 is abundant in bones, teeth, ligaments and tendons, and to a lesser
extent in sclera, blood vessels and internal organs 2. Therefore, abnormalities and symptoms can
occur in all the above-mentioned tissues and organs in Ol and can affect the quality of life of people
with Ol in different ways “. This thesis addresses quality of life in Ol and the bleeding tendency,
one of the abnormalities that is often mentioned but scarcely investigated in Ol. This introductory
chapter provides background information on Ol and is followed by a description of the aims and

outline of the thesis.

Osteogenesis Imperfecta

Etiology of Ol

The biosynthesis of collagen is a complex process in which even minor disruptions lead to a num-
ber of serious diseases. Each protein must be properly folded and modified to become functional.
Basic steps in the successful production and maturation of proteins are synthesis, posttranslational
modifications, folding, quality control, and transport. The collagen type 1 molecule has a triple helix
structure consisting of two a1 chains and one a2 chain. Of all Ol patients, approximately 85-90%
have an autosomal dominant pathogenic variant in either the COL71A7 or the COL1A2 gene, which
encodes for the collagen type 1 a1 chain and collagen type 1 a2 chain, respectively °. The cells that
convert these mutations to proteins produce a mixture of normal and abnormal collagen ©. Recently,
recessive, dominant, and X-linked variants in several genes have been shown to cause defects in
proteins responsible for transcription, synthesis, and post-translational modification. In addition,
chaperone proteins, retrograde transport, extracellular processing of procollagen for bone synthe-
sis, transport of type 1 collagen, matrix mineralization, and osteoblast differentiation are affected by
pathogenic gene variants. All these genetic defects may cause Ol *7. The resulting phenotype can
range from very mild to lethal, depending in part on which of the alpha strands is affected and the

position and nature of the pathogenic variant (Table 1).

Classification
In addition to heterogeneity at the molecular level, Ol is also a clinically heterogeneous disorder and
several researchers have attempted to develop a useful, understandable, and comprehensive clas-

sification for it. The most widely used classification is the one developed by Sillence et al. ® in 1979,
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Table 1 Clinical features, mutated genes, and pathways of the different Ol types

(o]] Clinical features Mutated Mode of Pathway
Type gene(s) inheritance*
1 Mild to moderate deformation, blue | COL1A1/2 | AD Genes encoding (pro) collagen
sclerae, normal stature chain/fibril: start of pathway
CREB3L1 AR ER stress response
2 Perinatal lethality COL1A1/2 | See type 1
CREB3L1 | See type 1
CRTAP Posttranslational modification
KDELR2 Retrograde vesicle transport
LEPREI Posttranslational modification
PPIB Posttranslational modification
3 Progressively deforming with bow- BMP1 AR Extracellular processing
o s et | couane | see oo+
imperfecta CCDC134 | AR Regulation of MAPK
CREB3L1 | Seetype 1
CRTAP Posttranslational modification
IFITMS Matrix mineralisation
FAM46A Unknown
FKBP10 Posttranslational modification
KDELR2 See type 2
LEPREI See type 2
MBTPS2 XL ER stress response
MESD AR WNT signaling pathway
PLOD2 Posttranslational modification
PPIB See type 2
SERPINF1 Matrix mineralisation
SERPINH1 Posttranslational modification
SP7 Bone cell diff. and sign
TMEM38B Posttranslational modification/Ca?*
homeostasis
WNT1 Bone cell diff. and sign
4 Mild to moderate deformation, COL1A1/2 | See type 1
white sclerae, variable fracture rate. PLS3 XL el s
PPIB See type 2
SP7 See type 3
SPARC Extracellular matrix
WNT1 See type 3
Mild deformation, calcification in IFITM5 AD Matrix mineralisation
5 interosseous membranes and hy-
percallus during fracture healing NBAS AD Retrograde transport

* Autosomal dominant (AD), autosomal recessive (AR) and recessive X-linked (XL)
Table derived from van Dijk and Sillence , 2014 and Claeys et al. 2021 78,
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which describes four different types of Ol based on clinical symptoms. In the last two decades, an
attempt has been made to base the classification of Ol more on its genetic causes rather than on
clinical presentation '°-'2. However, the genotype-phenotype relation is still insufficiently understood
(Table 1). Therefore, this expanded classification with about 20 different types has not proven to
be clinically useful, and clinicians and researchers have returned to the phenotyping according to

Sillence et al., with the addition of one distinguishable clinical type é.

The phenotype of Ol is thus clinically classified into five subtypes (Table 1) in which the severity
ranges from barely detectable connective tissue abnormalities to lethality in the perinatal period 8.
Type 1 is the relatively mildest and most common form of Ol, with a birth prevalence of about 4 per
100,000 live births 8. Ol type 1 is characterized by blue sclera, increased fracture frequency with-
out extensive deformities, normal stature, sometimes hearing loss and sometimes dentinogenesis
imperfecta. Type 2 is the most severe type and is characterized by such a lack of collagen in the
bones that children die in utero during pregnancy, at birth or shortly after. This type is characterized
by extensive fractures and bone deformity, micromelic bones and platyspondyly. Lethality occurs
due to respiratory failure secondary to pulmonary hypoplasia as a consequence of a small thoracic
cage caused by multiple rib fractures, as well as cerebral haemorrhage after vaginal delivery. In
persons with type 3, there is small stature, frequent fractures with deformity of the limbs and verte-
brae that increases over the years, sometimes causing respiratory insufficiency. Blue sclerae might
be present or not, dentinogenesis imperfecta is usually evident. Type 4 is very similar to type 1, a
difference being that there are no blue sclerae and some persons have a shorter stature. Type 5 is
comparable to type 4, but persons with type 5 have a calcification of the interosseous membrane
of the forearm, which restricts hand movements and can lead to secondary dislocation of the radial
head. Very typically there is a greater chance of hypercalcification occurring after surgery or a frac-
ture. Life expectancy for persons with all Ol types other than type 2 is normal. In individuals with Ol
type 3, life expectancy may be shorter if there is severe kyphoscoliosis with restrictive pulmonary

function *13-15,

Based on the above-mentioned prevalence data, there are approximately more than 1,100 patients
with Ol in the Netherlands. Storoni et al. 2 estimated the total number of patients with Ol to be 850.
The Expertise Center for adults with Ol in Isala in Zwolle, founded in 2008, now has a cohort with
over 500 adult Ol patients in care. Of these 500 patients, 67% have type 1 Ol, 12% type 3 and 19%
type 4. Of the cohort, 2% have type 5 or other rare (recessive inherited) variants °.
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Diagnosis

The diagnosis of Ol can be made on the basis of clinical and radiographic findings 8. Fractures
after mild trauma, bowing deformities of long bones, and growth deficiency are hallmark features.
Specific skeletal features may include macrocephaly, flat midface and triangular facies, dentino-
genesis imperfecta, chest wall deformities and scoliosis or kyphosis. Typical extra-skeletal features
are blue sclerae, hearing loss and hypermobility (Table 2). Radiographic examination may reveal
osteopenia, long-bone bowing and shortening, and vertebral fractures. The diagnosis of Ol type
2 and the diagnosis of Ol type 3 can be made prenatally based on ultrasound examination of the
foetus because fractures typically occur prenatally in these types. The diagnoses of Ol type 1, 4
and 5 are made postnatally on the basis of the clinical features and abnormalities on imaging exam-
ination 7. The most common differential diagnostic consideration is nonaccidental injury, frequently
in cases of suspected Ol type 1 or 4 '82°, The diagnosis can be confirmed through molecular DNA

diagnostics.

Treatment and management

No successful cure is available for Ol at this moment. Although novel approaches of gene therapy
are being developed #, treatment currently focuses on management of symptoms and preferentially
takes place within a multidisciplinary team. Because symptoms can be diverse, treatment also has
different angles. The most obvious treatment is orthopaedic treatment of fractures and deformities.
In addition, pharmacological treatment of low bone density using antiresorptive drugs (bisphos-
phonates, denosumab) or anabolic drugs (teriparatide, antisclerostin antibodies) in combination
with calcium and vitamin D suppletion can reduce fracture incidence and improve bone density.
However, medical treatment does not address the defective collagen type 1, which leads not only

to reduced bone quantity, but also to abnormal bone matrix and bone.

Rehabilitation intervention (physiotherapy, occupational therapy, rehabilitation) is crucial to reduce
fracture incidence and, more importantly, reduce the loss of function and improve quality of life. It is
challenging for patients with brittle bones, weak muscles, and a cycle of frequent fractures followed
by immobilization to maintain gross motor skills such as walking and to function independently “6.
Most patients with Ol can make independent transfers, have enough skills to live independently, are
well educated and participate in social life. Because of additional complaints of hearing loss, dimin-
ished lung function due to scoliosis and rib cage deformities, cardiac manifestations of Ol and den-
tinogenesis imperfecta, the ear, nose, and throat specialist, pulmonologist, cardiologist and dentist
or oral surgeon are also often involved. A periodic visit to a centre of expertise is recommended to

ensure adequate surveillance 4.
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Table 2 Extra-skeletal features of the different Ol types

Features Pathway Prevalence
Blue sclerae - Corneal thinning 2'22, Common
- Decreased light scattering by the sclera?.

- Increased visibility of the underlying choroid and melanocytes
beyond the scleral external surface 2.
Glaucoma - Thinner cornea is a risk factor in glaucoma?®. Rare
Dentinogenesis - Colour: Opalescent dentin, pigments and inclusion of Common
Imperfecta remnants of blood vessels 2677,
- Fractures: scalloping interface between dentin and the
enamel is absent?®, or dentin frailty #”.
- Size and shape: defective type | collagen causes poor
mineralization density and abnormal fibrillar structure 2°.
Cranial base anomalies: - Deformation under the strain of the brain, differential growth Common
- Platybasia deficiency and bending or fractures of the skeletal cranial
- Basilar impression structures 3.
- Basilar invagination
Bleeding tendency - Abnormal structure and function of the vessel wall, resulting Common
in increased fragility and susceptibility to bleeding (Chapter 5).
- Altered extracellular matrix in Ol affects platelet function and
activation, leading to impaired haemostasis *'-%.
Skin - The dermis has a relative increase of argyrophil and elastic Rare
- Thinness, fragility and fibres and a deficiency of adult collagen .
translucency - Alteration in the elastic fibres %7
- Elastosis perforans
serpiginosa
Hearing loss - Among others: Ossicular chain problems 3. Common
Cardiovascular disease - Collagen type 1 in myocardium and vessels *. Unknown
Pulmonary dysfunction - Chest wall abnormalities ', Intermediate
- Pulmonary parenchymal abnormalities 42,
Muscle weakness, tendon - Muscle: Delayed motor milestones due to severely bowed Common
and ligament laxity. legs or fractures .
- Tendon and ligaments: unknown 44
Osteoarthritis and other - Secondary to musculoskeletal concerns . Common
joint problems
Short stature - Secondary to skeletal abnormalities 8. Common

Quality of life in OI

The World Health Organization (WHO) defines quality of life as an “individual’s perceptions of their
position in life in the context of the culture and value systems in which they live and in relation to
their goals, expectations, norms and concerns” ¢, Health can have a major impact on quality of
life because health is determined by the effect of illness and impairment on daily activities and
behaviours, perceived health and functional status “°. Thus, quality of life has a broad scope and is
influenced by several factors. Ol primarily affects bone quality, but also potentially affects all other

structures containing collagen type 1. Physically measurable factors such as fractures, decreased
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bone density, and scoliosis can affect quality of life, but the psychological burden of the disease
such as fatigue, difficulty participating in daily life, mobility, self-care, independence, and pain can
also affect the quality and are frequently reported %°%'. These factors can result in health impairment
by limiting “normal” daytime activities. The lives of persons with Ol are also regularly filled with hos-
pital checkups, given that hospital checkups in these patients are on average 1.5-2.6 times more
frequent than the Dutch average 2. People with Ol sometimes describe their disease as a “full-time
job”. The focus on preventing fractures in daily life sometimes limits activities, makes certain oc-
cupations impossible and makes certain homes unsuitable for living. These situational factors can

also affect quality of life, in accordance with the WHO definition.

Due to the huge impact of Ol on life, it is important to determine how patients with Ol experience
their quality of life. There are many possible negative influencing factors, but the mindset of many
people with Ol also results in limitations being turned into opportunities 2. If the quality of life of
people with Ol is well known, the overall care in the multidisciplinary team for persons with Ol can
be focused on improving the worst perceived aspects. In addition, an individual patient with Ol can
be compared with other people with Ol and more emphasis is placed on individual care needs. This
underscores the importance of developing disease-specific patient-reported outcome measures
(PROMs) in Ol %, In this way, value-driven care and shared decision-making develop the care that

benefits people the most.

Fatigue in Ol

One of the most frequently mentioned negative influencing factors on quality of life in clinical prac-
tice is fatigue. Ol is a disease with a wide range of skeletal and extra-skeletal symptoms that can
cause fatigue. Fatigue of itself has a major impact on both physical and psychological domains in
healthy individuals. In the physical domain, for instance, pain and painkillers can promote fatigue
5455 and lack of energy can lead to reduced enthusiasm and endurance to perform daily tasks. In the
psychological domain, fatigue can reduce satisfaction and happiness, but can also have a negative
impact on thinking skills, learning ability, memory, concentration and decision-making ability . The
impairments on physical and psychological domains can contribute to a negative self-image or

even a depression ¥, and can affect social relationships and the dependence on others.

Ol is a disease which already has a wide range of skeletal and extra-skeletal symptoms that can
cause restrictions on the physical domains and impairments on the psychological domain. For in-
stance, brittle bones limit mobility and physical activities, and increase dependence on others %. All
the domains in which Ol can cause impairment in itself and in which fatigue can cause additional

impairment are at risk of reducing quality of life in OI.
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Because each person with Ol may have a different skeletal or extra-skeletal focus that causes
fatigue, or in which fatigue may cause additional impairment, it is important to determine the extent
of fatigue in Ol compared to people without Ol. Understanding the extent of fatigue in Ol can be a

valuable resource for quality of life interventions.

Bleeding tendency

In addition to clinically distinctive features, there are a number of complaints that are consistent-
ly mentioned by Ol patients but are not clearly reflected in the literature. One notable complaint
among these is frequent bruising. Frequent bruising can be a symptom of an underlying bleeding
tendency °. In well-known coagulation disorders, such as von Willebrand disease and haemophilia,
an essential part of the coagulation cascade does not function properly % (Figure 1). Alongside the
major known coagulation abnormalities, there is also a wide range of less obvious problems that
can cause a mild bleeding tendency in both the coagulation cascade and the collagen in the vessel
wall ®'. Mild bleeding tendency is a well-known phenomenon in collagen disorders other than Ol,
such as Ehlers-Danlos. Bleeding tendency in Ehlers-Danlos is caused by a malfunction of fibrillin,
which together with elastin forms an elastic fibre. These elastic fibres, together with other struc-
tures, form the basic meshwork for the connective tissue matrix ®'. This connective tissue matrix
has a direct interaction with coagulation factors and also provides strength to the capillary structure,
protecting it from tearing during shearing forces. A similar mechanism could be underlying in OlI.

Diagnosing a mild bleeding tendency in Ol can be a difficult task. In fact, bleeding problems occur
frequently in the normal population without an increased bleeding tendency. Bleeding symptoms
occur sequentially, sometimes with long intervals. Patients with a mild bleeding disorder may not
consider the number of bleedings they experience as abnormal, as there is usually an inherited
disorder at the basis of their disease. If several family members suffer from bleeding problems, it
is less obvious that the bleedings are abnormal. In general practice, certain bleeding symptoms,
such as heavy menstrual blood loss and epistaxis, are very common and are only recognized at a
late stage as a manifestation of an underlying coagulation disorder. In coagulation disorders such
as von Willebrand'’s disease, the time lag to diagnosis is reported to be as long as 16 years . If a
mild bleeding tendency is suspected, it remains extremely difficult to find an underlying explanation
because not all the components of the complex coagulation cascade can be tested. This is why

recent reviews emphasize the importance of a detailed bleeding history and family history 5°¢3,

In Ol, research into bleeding tendency began in the 1950s and was aimed at finding an explanation

for the frequent bruising and significant bleeding tendency in Ol as was reported in various case
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reports. So far, it has not yet yielded any clear answers. However, both case reports and complaints
by Ol patients on bleeding and bruising mentioned in clinical care are still relevant ®-°, The early
detection of bleeding problems is very important because even mild bleeding tendencies can have
an impact on operations, length of hospitalization, mortality, pregnancy, birth and miscarriages. Un-
explained mild bleeding tendencies can also lead to anxiety. More clarity on the underlying cause
of bleeding tendency would be crucial to providing more safety in the numerous operations and

interventions that patients with Ol undergo.

Figure 1 Primary haemostasis

direction of blood flow

erythrocyte

-
- - platelet fibrin

a e Cate Qs

b  ‘tissue factor’ endothelial cell

von-Willebrand-factor
vascular wall

Primary haemostasis involves two key processes: vasoconstriction and platelet adhesion to the in-
jured vessel wall. (a) The plasma protein von-Willebrand-factor plays a vital role in capturing plate-
lets from the rapidly flowing blood at the site of vessel wall damage. (b) Once adhered, platelets
undergo activation and aggregation. (c) Concurrently, tissue factor present in the damaged vessel
wall triggers secondary haemostasis. This leads to the activation of coagulation factors on the
surface of the activated platelets, resulting in the generation of thrombin. (d) Ultimately, thrombin
influences the formation of a fibrin network that reinforces the haemostatic plug and acts as a trap
for erythrocytes, forming a blood clot. Following clot formation, the fibrinolytic system is responsible

for breaking down the blood clot 7°.
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Aim and outline of this thesis

The aim of this thesis is to gain insights into quality of life issues and bleeding tendency in persons
with Osteogenesis imperfecta (Ol). To improve patient care and guidance and to increase the di-
agnostic capabilities, it is important to look at Ol in a broader context than just a disease with bone

fragility.

Part | of this thesis focusses on the quality of life in people with Ol.

The following research questions were addressed:

1. What is the quality of life in people with Ol compared to control populations? (Chapter 2)
2. What is the impact of fatigue on daily functioning in people with Ol compared to control popula-
tions? (Chapter 3)

In part 1l of this thesis the bleeding tendency in Ol is investigated and the following research

questions were formulated:

3. What is the prevalence of bleeding tendency in Ol compared with a control population?
(Chapter 5)

4. What are the clinical manifestations of bleeding tendency in OI? Is diagnostic testing for bleed-
ing disorders indicated? (Chapter 4 and 6)

5. Which bleeding events are most clinically relevant in OlI? What can be learned from therapeutic

considerations in other mild bleeding disorders? (Chapter 5)

18
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Abstract

Osteogenesis imperfecta (Ol) is characterized by bone fragility and secondary features such as
blue sclerae, dentinogenesis imperfecta, hearing loss, ligamentous laxity, and short stature. It was
thought that health-related quality of life (QoL) in patients with Ol mainly depends on the severity
of the skeletal deformities. However, it has become clear that additional factors can affect the QoL
in all patients with Ol. In this study, we compare dimensions of QoL in adults with Ol with a control
population. The SF-36 questionnaire was distributed among 330 adult patients with different Ol
types. Results were compared with two control populations from the Netherlands. Age-matched
comparisons were made with one of the two control populations. The results were summarized
in eight domains: general and mental health, physical and social function, bodily pain, vitality, and
physical and emotional role. General health and physical function in all types of Ol are low com-
pared with controls, except patients with Ol type 4 aged 55+ years. Bodily pain in patients with Ol
appeared significantly worse than in the control population. There was no significant difference be-
tween Ol types regarding pain and vitality. Vitality was only in the Ol type 1 group significantly lower
compared with controls. Patients with Ol type 1 had a significantly reduced mental health. Social
functioning appeared most effective in type 3 around 20 years of age. QoL in adult patients with Ol
should be an important outcome measure in every Ol clinic, but the amount of baseline data on this
subject is sparse. This baseline measurement study is the largest study to date investigating QoL in
adult patients with Ol. The mean scores indicate that people with Ol generally have a significantly
lower QoL than the control population. Further qualitative evaluation of QoL and its influences is

important for future management.
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Introduction

Osteogenesis imperfecta (Ol) is an inherited connective tissue disorder primarily characterized
by susceptibility to fractures. The prevalence of Ol has been reported to be 6 to 7 individuals per
100,000 population '. Ol is a clinically and genetic heterogeneous disorder. Clinically, Ol is classi-
fied in five types (Ol types 1 to 5) 2. According to the clinical severity and characteristics, Ol is further
classified into five subtypes: nondeforming Ol with blue sclerae (type 1), perinatally lethal Ol (type
2), progressively deforming Ol (type 3), common variable Ol (type 4), and finally Ol with calcification
in the interosseous membranes (type 5) 2. Patients can have blue sclerae, dentinogenesis imper-
fecta, hearing loss, joint hypermobility, and short stature as secondary features 3. Symptoms such
as hearing loss, physical restrictions caused by pain, bone deformation as a result of (recurrent)
fractures can increase in severity with age and can affect the health-related quality of life (QoL) in

patients with OlI.

No cure for Ol exists; treatment focuses on management of symptoms. Orthopedic and fracture
treatment, physical therapy, special dental care, treatment for hearing loss, and medical treatment
for low BMD are common therapies. However, there has been less attention paid to the psychoso-

cial impact of living with Ol in adults.

Today, it is commonly recognized that measuring the QoL in people with Ol can provide new infor-
mation to improve treatment and subsequently the QoL of patients. Here, we report on the QoL of
322 patients with a diagnosis of Ol type 1, 3, and 4 in the Netherlands compared with the general
Dutch population. We suspected that the QoL in patients with Ol would be decreased compared
with controls. To measure the QoL in a patient cohort with Ol, we decided to use the validated
self-reported health assessment tool, the SF-36 questionnaire %¢, which is frequently used in in-
ternational studies. The SF-36 measures QoL across eight different subscales. We compared the
SF-36 subscales against the different Ol-type groups and with the QoL data of two Dutch control

groups, including different age categories.

Patients and Methods

Study design and population
A cross-sectional cohort study was undertaken in the National Expert Center for Adults with Osteo-
genesis Imperfecta, Isala Hospital, Zwolle, the Netherlands. In this center, patients with a clinical

and usually confirmed molecular diagnosis of Ol are assessed by the multidisciplinary Ol team.
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The SF-36 questionnaire * was provided during the first appointment. All new adult patients who
attended the center from December 2007 until November 2018 were selected. Exclusion criteria
were age <18 years and unavailability to fill in the questionnaire. Informed consent was obtained
from each participant, and the Medical Ethics Committee of the Isala Hospital, Zwolle, the Nether-
lands, approved the study protocol and provided a non-WMO (Medical Research Involving Human

Subjects Act) waiver.

Evaluation of quality of life in patients with Ol

QoL was assessed using the validated self-reported health assessment tool, the SF-36 question-
naire 58, which is composed of 36 questions in eight different domains that examine aspects of
physical and mental health in a 4-week timeframe. The SF-36 questionnaire is used in multiple
countries to measure QoL in patients; it has been extensively tested for reliability and validity 6-°.
The four main physical domains are physical function, role limitations caused by physical health
problems, bodily pain, and general health perceptions. The four main mental domains are vitality,
social function, role limitations based on emotional problems, and general mental health. Each do-
main score is linearly converted to a 0 to 100 scale. A higher score is correlated with better mental
and physical health. The physical and mental domains can be summarized in two broad scores: the
physical component summary and the mental component summary. These summary scores reflect

self-assessed physical and mental activity.

All patients with different types of Ol were divided in age categories to compare QoL in patients
with Ol.

Control groups

The control values are based on two different studies. The first control was the result of a municipal
screening that was carried out in 1992 by the University of Groningen, the Netherlands. It concerned
a group of 1063 adults, randomly selected from the civil register of Township Emmen. The data of this
control group were available according to different age ranges ". For the general comparison, a na-
tional randomly selected control group without age range (n = 1742) was used. Data from these indi-
viduals were generated from a study conducting a nationwide, population-based health status survey

for the purpose of generating normative data for a study of patients with congenital heart defects °.

The SF-36 questionnaire results of both control groups are presented in Figure 1.

32



Emmen n=1036 [ Nationaln=1742 [ OI type4 Oltype 1 [ O! type 3
150
H 499 General
HilH58
7 Health
I {168
—
FH56 Vitality
e
o
K 166
——75
H A74
76 Mental
77 health
o477 g
60 g
H 459 : o
64 Pain :
75 ®
L
| 479 *
e z
Hoq71 . -
I-.—|77 Social g
.34 functon @
F 185 ®
76
K76
|_._|77 Role,
..|82 emotional
K 183
48
— 453
|_..|60 Role,
.-|76 physical
FoAT7
"
64 Physic
s
Hiis3 function
F 176

0 10 20 30 40 50 60 70 80 90 100
Converted Domainscore 0-100

Figure 1 Visualization of the eight different SF-36 questionnaire domains, divided per
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Data and statistical analysis

In Table 1, the data of both control groups *>' have been combined and compared with the recruited
patients with Ol. Only the first control group' was used for the data presented in the Supplementary
Appendix. For each age category, a comparison was made with the age-matched control patients to
test if the null-hypothesis (no differences between Ol and controls) could be rejected. Then, the Ol
types were reciprocally compared. To calculate a A score, the score of the youngest patient group
was subtracted from the eldest patient group. As the oldest Ol type 3 group consisted only of three
individuals, the A score was not calculated. Given that the questionnaire score cannot be reliably

estimated for participants with extreme scores, floor and ceiling effects were examined (Table 1).

Variables were tested for normal distribution with the Kolmogorov—Smirnov test, Shapiro-Wilk test,
and g-q plots. Means and SDs were given for normally distributed continuous variables. Non-nor-
mally distributed continuous variables were presented as median, interquartile range (IQR). Dif-
ferences in means comparing patients with Ol with the controls were in normally distributed data
tested using the summary independent sample ¢ tests and in not normally distributed data tested
with the one-sample Wilcoxon signed-rank test. Comparisons between Ol types of different ages
were done using ANOVA in normally distributed data, and with independent-samples Kruskal-Wallis
tests with Dunn’s comparison for post hoc testing in not normally distributed data. A two-sided p val-
ue of 0.05 was considered significant. Significance values for comparison between Ol types have
been adjusted by the Bonferroni correction for multiple testing. Significance values for comparing
patients with Ol with controls are presented with three decimals for adequate interpretation. Analy-
ses were performed using SPSS 25 (SPSS, Inc., Chicago, IL, USA) for Windows.

We did not assess separately modifiers of QoL such as fracture history, scoliosis, and pulmonary

function.

Results

Clinical characteristics
Atotal of 372 patients with Ol were identified for participation in the current study. Fifty patients were
excluded as their SF-36 questionnaires were unavailable. Therefore, 322 patients were available

for analysis.
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A total of 190 (59%) of the 322 patients with Ol in our cohort were women; 132 (41%) were men.
The mean and median age of participants with Ol at the first visit were, respectively, 38 and 35.5
years (interquartile range (IQR) 27 years). Skewness and kurtosis were, respectively, 0.343 and
-1.119, confirming a normal distribution with a small overrepresentation of the middle group 2.
There were 220 (66.7%) subjects who had a diagnosis of Ol type 1, 40 (12.1%) were diagnosed
with Ol type 3, and 61 patients (18.5%) had Ol type 4.

Scores of all patients with Ol across eight different SF-36 subscales
Figure 1 shows the results of the eight different SF-36 subscales of the three Ol types in compari-

son with two control groups in the Netherlands 5.

Individuals with Ol type 1, 3 and 4 had a significantly lower mean physical function score compared
with the control groups (Table 1) 5. A significant difference between patients with Ol and controls
applied to all the subscales except for vitality in Ol type 3, role limitations caused by emotional

problems in Ol types 3 and 4, and mental health in Ol types 3 and 4 (Table 1).

Comparison of SF-36 subscale scores in different age categories
A complete overview of the results is available in the Supplementary Table S2. The comparisons
have been made with the first control group ' because in this control group participants were divid-

ed in age categories, suitable for making agematched comparisons.

Physical functioning

Physical function in the overall Ol cohort was significantly lower compared with controls ' in all
different age categories, except for patients with Ol type 4 and aged >55 years (Table 1 and Sup-
plementary Table S2) . Individuals with Ol type 3 had the lowest score on physical function, (Table
1), whereas individuals with Ol type 1 in the age group 18 to 24 years had the highest score on
physical function. The physical function of Ol type 3 was significantly lower than Ol type 1 and 4 in
all age categories except when compared with Ol type 4 in the age group 35 to 54 years (Supple-
mentary Table S2). The physical function of individuals with Ol types 1 and 4 in the different age
categories were not significantly different from each other, except in the age category 18 to 24 years

(Supplementary Table S2).
In the control group ', physical function declined during at least 30 years with 27.9 points (A; see

Patients and Method section). The Ol type 1 group followed that trend (A -21.72, p < 0.05), whereas
patients with Ol type 4 showed a climbing trend (A +18.7, p = 0.106), implying that several individ-
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uals >55 years with Ol type 4 experienced a higher physical function than patients with Ol type 4
aged 18 to 24 years (Supplementary Table S1).

Role limitations caused by physical health problems

The role limitations caused by physical health problems in individuals with Ol was significantly low-
er compared with controls >'" ( Table 1). For patients with Ol type 3, this was not significant for all
age categories from 25 to 55+ years. For patients with Ol type 4, this was not significant above the
age of 35 years. Between Ol types, there was a less-significant difference at different ages (Sup-
plementary Table S2). Patients with Ol type 4 aged 35 to 54 years (Supplementary Table S1) had
the lowest score on role limitations caused by physical health problems. Ol type 3 patients had the
lowest score on role limitations caused by physical health problems, but the score increases until
their mid-50s when the difference between Ol type 3 and the controls ' was not significant anymore

(Supplementary Table S2).

The control group " trend over the years was decreasing slowly (A-15.4; Table 1). The Ol type 1
group had a comparable trend (A —11.3), whereas patients with Ol type 4 had an increasing score

over the years (Ol type 4: A +7.5). None of the Ol trend values were significant.

Bodily pain

All patients with Ol experienced significantly more pain than the control group 5" (Table 1), also
within different age categories (Supplementary Table S2). On a scale from 1 to 100 points, patients
with Ol scored an average of 17 points lower than the control group. There was no significant dif-
ference in pain between Ol types in different age categories (Supplementary Table S2). The pain in
patients with Ol type 1 and type 4 was higher in the oldest patient group compared with the young-
est patient group (Ol type 1: A-12.9, p = 0.101; Ol type 4: A-7.3, p = 0.440). This was comparable
to the A of the control group " (A-13.1). The lowest score on bodily pain was reported in patients

with Ol type 4 between the ages of 25 and 34 years (Supplementary Table S1).

General health perceptions
Across all the age categories, except for people with Ol type 4 > 55 years, patients with Ol had a

significant lower general health than their controls "' (Supplementary Table S2). There was no sig-
nificant difference in health perceptions between Ol types in all age categories. Health perception
of patients with Ol decreased less from the youngest to the eldest age group compared with healthy
people ™ (A mean Ol: —=5.22, A mean controls: —15.88). This resulted in a statistically non-significant
difference of health perception between patients with Ol and controls in the age category of 55+

years.
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Vitality

Only patients with Ol type 1 showed a significantly lower vitality compared with the control group
511 (Table 1), except when >55 years ' (Supplementary Table S2). Patients with Ol types 3 and 4
did not have significantly reduced vitality compared with controls ', except for Ol type 3 in the age
category of 35 to 54 years. There was no significant difference in vitality between the Ol types in

different age categories.

Vitality in the control group " slightly decreased from the youngest to the eldest age group (A-4.5).
This was similar in the patients with Ol type 1 (A-0.1) and Ol type 4 (A-8.83; Supplementary Table
S1).

Social functioning
Social function in patients with Ol with types 1, 3, and 4 was significantly lower compared with the

control group ' (Table 1). However, when analyzed per age category these results were in some
instances not significant "' (Supplementary Table S2). There was one statistically significant differ-
ence in social functioning between Ol types in different age categories. In age category 18 to 25

years; people with Ol type 3 scored significantly lower than people with Ol type 1 and Ol type 4.

Role limitations caused by personal or emotional problems
Role limitations caused by personal of emotional problems of patients with Ol in general were not

statistically different from the control population ®". Regarding the different age categories, there
was a statistically significant difference between patients with Ol type 4 and controls in the age

category 18 to 24 years ".

There was no significant difference regarding role limitations between the Ol types in all age cate-
gories. Individuals with Ol type 4 scored lowest regarding role limitations in the age category 25 to
34 years (Supplementary Table S1). Patients with Ol type 4, aged 19 to 24 years, scored highest,

even significantly higher than the control group .

Mental health

We observed—only in patients with Ol type 1—a very small, but significantly reduced mental health
compared with controls 5" (Table 1). When analyzing specific age categories in patients with Ol
type 1, patients with Ol aged 35 to 54 years had a significant reduced mental health (Supplemen-
tary Tables S1 and S2). There was no significant difference between the Ol types. The oldest and

the youngest groups had similar outcomes.
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Discussion

Most studies on QoL in Ol have focused on children; hence, studies reporting on QoL of adult pa-
tients with Ol are sparse. We used the SF-36 questionnaire to measure QoL in 322 adults with Ol.
The objective was to describe and compare the QoL in adults with a clinical diagnosis of Ol types
1, 3, and 4 in different age categories with controls. The control group consisted of 2834 healthy

Dutch adults reported in two studies 5", with one group divided into age categories (n = 1063) ".

A recent online survey of 300 self-reported patients with Ol, consisting of 198 adults, investigated
QoL using nine patient-reported outcomes measurement information system (PROMIS) computer
adaptive testing (CAT) instruments '3. QoL has also been investigated in adults with Ol using the
SF-36 questionnaire. In these studies, the number of adult participants ranged from 15 to 85,"®

which makes the current study the largest study to date investigating QoL in adults with Ol.

Our adult Ol cohort reported significantly decreased psychosocial and physical QoL across multiple
domains and age groups, compared with the control group(s). We identified multiple significant

differences between adults with Ol and the controls.

The results of physical function per Ol type and age category reflect what we see in our outpatient
clinics. Physical function in the overall cohort is significantly lower compared with controls, and pa-
tients with Ol type 3 have the lowest physical function. Patients with Ol type 1 aged 18 to 24 years
have the highest physical function. This may be because it is Ol type 1, which is characterized by
the absence of bone deformation, and sometimes it can be mild and difficult to diagnose in the
absence of a family history. Additionally, in adulthood, the fracture rate is known to decrease signifi-
cantly in contrast to the childhood fracture rate. Only in patients with Ol type 1 did we observe sig-
nificantly reduced mental health compared with controls, probably because of the greater sample
size. Mental health in the overall Ol cohort compared with the control groups was significantly lower
and in line with observations by Hald and colleagues '® and Widmann and colleagues *°, where the
mental domains were less affected than the physical domains in people with Ol. Supplementary
Table S3 provides a detailed comparison with only the study by Hald and colleagues because of

their larger number of participants (n = 85) and data availability.
The relative sparing of psychosocial dimensions of QoL in patients with Ol was also observed in

patients with Marfan syndrome '° and patients living with congenital heart disease %, as well as

patients with Ol "8. Perhaps the adults with Ol have developed coping skills during their childhood
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that allow for normal psychosocial functioning despite their physical limitations.

The difference between physical severity measured by physical function and subjective severi-
ty perception measured by general health perception illustrates that patients may perceive the
disorder differently from health care professionals. This is important for health care providers to
acknowledge when discussing patient reported symptoms in clinical practice. Patient reported QoL
should be incorporated into clinical practice to ensure the patient’s perspective is included in clinical
decision-making. The mean pain in patients with Ol is significantly increased compared with the
control group, but between the Ol types there are no significant differences. The presence of pain
would imply a more-severe disease, but there is no evident association between pain and Ol type in
our cohort. This is comparable with observations of other studies '*?!, and has also been observed

in review studies for pain in children with Ol 22,

Vitality in patients with Ol is only slightly lower than the control group. Some studies reported dimin-
ished vitality and social functioning abilities 2 with reduced mental health and emotional functioning
compared with the adult control group '. In our study, only for patients with Ol type 1 is vitality
significantly lower than in the controls. This is important to know when seeing patients with Ol with
complaints about reduced vitality: Other possible causes should be excluded first, and reduced

vitality should not immediately be assumed to be a feature of patients with Ol.

In our cohort, there is no significant difference in social functioning between patients with Ol type 1
and type 4 after the age of 25 years. There seems to be reduced social functioning in patients with
Ol type 3 under the age of 25 years. This improves around 25 years of age. A possible explanation
could be a transitional phase where patients are becoming independent, must handle problems
themselves, and acquire better social functioning skills. The large role of caretakers in daily care,
frequent health care appointments, and the effort required to stay safe 22 are increasingly transi-
tioned to the adults with Ol giving them more control. Also, a decline in fracture rate in adults with

Ol compared with children with Ol can play a role.

Influencing the quality of life

This study provides a baseline measurement of QoL in adults with Ol. It is no surprise that the
overall QoL in patients with Ol is significantly lower at all age ranges and in all Ol types compared
with the control group. However, this baseline measurement is important because it signals which
components are most affected in which health domain in which Ol type at what age. It does not

provide an answer for the question regarding factors that influence the different health domains of

40



QoL, which is why specifically designed questionnaires focused on determining factors of QoL in

adults with Ol are essential to improving QoL and are currently being developed.

Identifying specific outcomes that are associated with improved or decreased QoL in Ol is important
to guide timing and nature of interventions and to design research aimed at optimizing well-being
of adults with Ol 2'3°, For example, Dahan-Oliel and colleagues ?' performed a systemic review of
previously mentioned studies -7 and concluded that for both children and adults with Ol pain,
scoliosis, activity limitations, and participation restrictions caused by decreased limited function are

associated with lower levels of physical QoL and need to be addressed to promote QoL.

When interventions are planned, a follow-up measurement of QoL can indicate the effect of these
interventions on the different health domains and as such, the impact of these interventions can be

measured.

In our adult Ol service we have tried to identify factors that might positively influence the QoL in
people with Ol. For this purpose, a value-based health care program has been developed to identify
factors that we can influence in our service and that are measurable by QoL questionnaires. These
aspects would be consistently monitored through the years. A very important influence on the de-
velopment of a value-based health care program is the input of the Ol group regarding what they

consider important for their QoL.

Limitations and future plan

This study reports on baseline measurements of the QoL in 322 adult patients with Ol measured
by the SF-36 questionnaire. The SF-36 is a generalized, QoL questionnaire that is not specific for
people with Ol. This makes the data susceptible to temporary biases such as a recent fracture.
However, the SF-36 is wellvalidated and widely used; therefore, it is a valid tool to evaluate QoL for
patients with Ol. As mentioned earlier, the development of Ol-specific questionnaires is important

and in progress; the results of this study can serve as basis for their development.

We compared our patient data against the data of reference populations collected more than two
decades ago. Nonetheless, the reference populations were unique and representative of the Dutch
population. The SF-36 is sensitive to fluctuations in health 4, which makes it suitable to measure
QoL over a longer period or before and after a procedure. As such, we will aim to present a lon-
gitudinal overview of QoL in patients with Ol through measurements of QoL and its influences at

different time points.
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Conclusion

Our study described baseline QoL measurements in the largest group of adults with different types
of Ol to date (n = 322) and compared outcomes with (age-matched) control groups. The mean
scores indicated that people with Ol generally had a significantly lower QoL than the control pop-
ulation, and the scores per domain gave insight into which domains at what age in which Ol type
were more severely affected. This is important information for aging patients with Ol and their health
care professionals. Longitudinal QoL measurement and further qualitative evaluation of QoL and its

influences are important for future management and improvement of QoL in people with Ol.
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Table 1 Appendix

Age: 18-24
Ol Type 1 Ol Type 3 Ol Type 4 Control
(n=57) (n=16) (n=15) (n = 135)
Mean sd Mean | sd Mean sd Mean | sd
Physical functioning 75.59 25.04 125 15.49 47 29.75 91.7 14.3
Role functioning physical 59.21 39.42 36.76 | 44.3 (55 39.19 86 29.2
Bodily pain 65.99 | 26.7 57.5 28.57 66.33 | 26.95 87.8 20.9
General health 61.27 | 22 55.29 | 25.7 59.33 | 19.17 774 20.6
Physical component summary score | 45.09 11 30.23 | 9.94 37.54 9.56 50 10
Vitality 58.57 | 22.72 | 60.2 21.42 66.33 | 18.66 69.2 18.6
Social functioning 78.73 | 25.65 | 53.68 | 36.38 83.33 | 15.43 85.5 20.9
Role functioning emotional 79.53 371 72.92 | 40.77 93.33 18.69 81 34.4
Mental health 73.25 20.2 7412 18.28 80.27 14.22 73.4 20.6
Mental component summary score 48.56 11.6 52.39 | 11.23 57 7.49 50 10
Age: 25-34
Ol Type 1 Ol Type 3 Ol Type 4 Control
(n=38) (n=38) (n=20) (n=221)
Mean sd Mean | sd Mean sd Mean | sd
Physical functioning 69.61 26.97 13.96 | 11.61 61.78 27.23 89.5 17.8
Role functioning physical 61.84 39.3 59.38 | 49.89 53.75 48.17 82.5 324
Bodily pain 65.84 | 26.42 | 58.93 | 25.03 70.1 21.45 84.1 23.9
General health 5217 19.57 | 56.88 | 25.06 59 18.96 775 19.7
Physical component summary score | 42.28 11.07 32.21 | 8.32 42.9 11.9 50 10
Vitality 55.27 17.45 70 26.19 61.75 21.9 69.1 19
Social functioning 72.04 | 2748 |70.31 | 275 7313 | 26.37 90.7 16.5
Role functioning emotional 81.58 36.92 75 38.83 65 43.9 86.8 29.6
Mental health 77.3 16.35 | 76.5 23.46 75.6 14.03 78.8 17.5
Mental component summary score 49.31 10.14 55.79 | 16.22 48.44 11.62 50 10

Underlined = Not-normally distributed
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Supplemental material

Age: 35-54
Ol Type 1 Ol Type 3 Ol Type 4 Control
(n=77) (n=12) (n=15) (n=375)
Mean sd Mean | sd Mean sd Mean | sd
Physical functioning 57.68 | 28.74 | 3114 | 32.16 5459 | 28.72 84.95 | 19.55
Role functioning physical 4578 | 45.23 | 52.08 | 47.02 70 36.84 80.9 34.5
Bodily pain 55.18 29.05 | 62.59 | 23.61 57.82 | 25.86 8215 | 24.2
General health 51.85 19.9 36.77 | 191 5515 23.26 72.8 21.85
Physical component summary score | 38.58 1217 32.63 | 9.72 40.01 7.93 50 10
Vitality 53.18 21 55.83 | 15.78 62.33 | 18.98 67.3 19.6
Social functioning 65.58 28.4 64.58 | 18.34 76.67 27.49 87.05 | 19.7
Role functioning emotional 72.73 39.64 80.56 | 26.43 80 37.37 82.9 33.8
Mental health 70.44 | 17.36 77.67 | 16.58 76.8 18.15 76.8 18.8
Mental component summary score 47.43 10.2 52.58 | 6.09 51.96 11.21 50 10
Age: 55+
Ol Type 1 Ol Type 3 Ol Type 4 Control
(n=48) (n=3) (n=12) (n=322)
Mean sd Mean | sd Mean sd Mean | sd
Physical functioning 53.87 | 28.2 15 10 65.65 | 27.36 63.85 | 27.98
Role functioning physical 47.92 45.2 66.67 | 28.87 62.5 47.07 70.58 | 39.9
Bodily pain 53.06 | 26.13 | 71.43 | 24.74 59.01 31.9 74.7 27.5
General health 53.15 17.47 60 5 58.96 | 16.43 61.23 | 2215
Physical component summary score 37.08 11.13 35.95 | 6.1 43.5 11.08 50 10
Vitality 58.44 | 18.91 71.67 | 12.58 57.5 22.81 64.7 21.95
Social functioning 69.53 | 28 70.83 | 31.46 76.04 | 30.37 81.73 | 25.28
Role functioning emotional 72.46 42.34 77.78 | 38.49 69.7 45.84 82.28 | 34.5
Mental health 76.23 | 17.04 69.33 | 26.63 68.33 | 25.21 77.05 | 16.5
Mental component summary score 50.6 11.68 53.53 | 16.97 46.67 14.25 50 10
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Table 2a Appendix Significance (p- value) of differences between Ol types and controls

(data shown in Table 1 Appendix)

Physical functioning

18-24 Ol 1 Ol 3 Ol 4 25-34 Ol 1 0l 3 ol 4
Ool1 X X X Ol1 X X X
ol3 0.000 X X Ool3 0.000 X X

Ol 4 0.013 0.036 X Ol 4 0.830 0.000 X
Control 0.000 0.000 0.000 Control 0.000 0.000 0.000
35-54 Ol 1 Ol 3 Ol 4 55+ Ol 1 0l 3 Ol 4
Ol1 X X X Ol1 X X X
Ol3 0.017 X X 0Ol3 0.064 X X

Ol 4 1.000 0.135 X Ol 4 0.574 0.018 X
Control 0.000 0.000 0.001 Control 0.022 0.003 0.827

Underlined = Not-normally distributed

100 Ol type
—1
— T
— ]

- contral group

B0

40

Physical functioning

20

15-24 25-34 35-54 55+
Figure 1a appendix Age category
visualisation of table 1 appendix Trend Difference | P-value
Ool1 -21.72 0.000
ol3 2.5 1.000
Ol 4 18.65 0.563
Control -27.85 0
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Table 2b Appendix Significance (p- value) of differences between Ol types and controls

(data shown in Table 1 Appendix)

Role functioning physical

18-24 Ol 1 0l 3 Ol 4 25-34 Ol 1 ol 3 Ol 4
ol1 X X X Ool1 X X X
oI3 0.069 X X 0ol3 0.988 X X
Ol 4 0.747 0.157 X Ol 4 0.622 0.824 X
Control 0.001 0.003 0.045 Control 0.006 0.569 0.110
35-54 Ol 1 Ol 3 Ol 4 55+ Ol 1 0l 3 Ol 4
ol1 X X X Ool1 X X X
Ool3 0.600 X X Ol3 0.461 X X
Ol 4 0.069 0.381 X Ol 4 0.387 0.878 X
Control 0.000 0.131 70 Control 0.002 1.000 0.811
Underlined = Not-normally distributed
100 Oltype
|
—3
—4
a0 === control group
™
L2]
®
>
£
[-R|
<]
£
=
o
b
c 4
2
2
[}
o
20
0
15-24 2534 35-54 55+
Age category
Figure 1b appendix
visualisation of table 1 appendix Trend Difference | P-value
Ol 1 -11.29 0173
0Ol3 29.91 0.585
ol 4 7.5 0.799
Control -15.42 0




Table 2c Appendix Significance (p- value) of differences between Ol types and controls

(data shown in Table 1 Appendix)

Bodily pain

18-24 ol 1 013 0l 4 25-34 ol 1 013 ol 4
ol 1 X X X Ol 1 X X X
013 0.781 x X ol3 1.000 X X

ol 4 1.000 1.000 X ol 4 1.000 0.861 X
Control 0.000 0.000 0.000 Control 0.000 0.004 0.012
35-54 ol 1 0l3 Ol 4 55+ Ol 1 ol 3 ol 4
ol1 X X X Ool1 X X X

ol 3 1.000 X X ol3 0.785 X X

ol 4 1.000 1.000 X Ol 4 1.000 1.000 X
Control 0.000 0.006 0.000 Control 0.000 1.000 0.055

Underlined = Not-normally distributed

100 Ol type

_1

—3

— ]
a0 === contral group

" S —

40

Bodily pain

20

15-24 25.34 35-54 55+
Age category

Figure 1c appendix
. - . Trend Difference | P-value
visualisation of table 1 appendix
ol 1 -12.93 0.101
0ol3 13.93 1.000
Ol 4 -7.32 1.000
Control -13.1 0
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Table 2d Appendix Significance (p- value) of differences between Ol types and controls

(data shown in Table 1 Appendix)

General health

18-24 Ol 1 013 0ol 4 25-34 Ol 1 013 ol 4
Ol 1 X X X ol 1 X X X
0l3 1.000 X X 013 1.000 X X

ol 4 1.000 1.000 X ol 4 0.669 1.000 X
Control 0.000 0.000 0.002 Control 0.000 0.004 0.000
35-54 ol 1 0l 3 0l 4 55+ Ol 1 0l3 Ol 4
Ol 1 X X X ol 1 X X X

0l 3 0.057 X X (o]} 1.000 X X

ol 4 1.000 0.058 X ol 4 0.950 1.000 X
Control 0.000 0.000 0.003 Control 0.005 0.723 0.726

Underlined = Not-normally distributed

100 Ol type
—1
—3
— ]

- control group

"’ —_——

40

General health

20

15-24 25-34 35-54 55+
Age category

Figure 1d appendix
. - . Trend Difference | P-value
visualisation of table 1 appendix
ol 1 -8.12 0.245
0Ol3 4.71 1.000
Ol 4 -0.37 1.000
Control -15.87 0




Table 2e Appendix Significance (p- value) of differences between Ol types and controls

(data shown in Table 1 Appendix)

Physical component summary score

52

18-24 Ol 1 0l 3 Ol 4 25-34 Ol 1 ol3 Ol 4
ol 1 X X X Ool1 X X X
0Ol 3 0.000 X X Ol3 0.068 X X
Ol 4 0.048 0.163 X Ol 4 1.000 0.073 X
Control 0.003 0.000 0.000 Control 0.000 0.000 0.000
35-54 Ol 1 ol 3 Ol 4 55+ Ol 1 ol 3 ol 4
Ol1 X X X Ool1 X X X
0ol 3 0.289 X X 0Ol3 1.000 X X
Ol 4 1.000 0.294 X Ol 4 0.226 0.874 X
Control 0.000 0.000 0.000 Control 0.000 0.016 0.028
Underlined = Not-normally distributed
ol
100
type
-
@ —3
8 w 4
(2]
Fan
[
E
§ 60
1]
k=
[ 4]
=
[=] —
2 . T —
9 __f
(5]
©
[5]
g
2 o
o
o
15-24 25-34 35-54 55+
Age category
Figure 1e appendix Trend Difference | P-value
visualisation of table 1 appendix
Ol1 -8.01 0.003
0ol13 5.72 1.000
Ol 4 5.96 0.852
Control 0 1




Table 2f Appendix Significance (p- value) of differences between Ol types and controls

(data shown in Table 1 Appendix)

Vitality

18-24 Ol 1 013 Ol 4 25-34 Ol 1 Ol 3 Ol 4
Ool1 X X X Ol1 X X X

Ol 3 1.000 X X Ol3 0.192 X X

Ol 4 0.673 1.000 X Ol 4 0.744 0.986 X
Control 0.002 0.074 0.572 Control 0.000 0.885 0.108
35-54 Ol 1 ol 3 Ol 4 55+ Ol 1 ol 3 Ol 4
ol1 X X X Ool1 X X X
Ool3 1.000 X X Ol3 0.778 X X

ol 4 0.336 1.000 X Ol 4 1.000 0.796 X
Control 0.000 0.046 0.336 Control 0.062 0.584 0.266

Underlined = Not-normally distributed

100 Oltype
—1
—_—3
—

=== control grou
50 group

60

'\

Vitality

40

20

15-24 25-34 35-54 55+
Age category

Figure 1f appendix Trend Difference | P-value
visualisation of table 1 appendix
Ool1 -0.13 1.000
Ol3 11.47 1.000
Ol 4 -8.83 1.000
Control -4.5 0.037




Table 2g Appendix Significance (p- value) of differences between Ol types and controls

(data shown in Table 1 Appendix)

Social functioning

18-24 Ol 1 0Ol3 Ol 4 25-34 ol1 0Ol 3 Ol 4
Ool1 X X X Ool1 X X X
013 0.010 X X Ol3 0.859 X X

Ol 4 0.959 0.027 X Ol 4 0.920 0.814 X
Control 0.276 0.011 0.775 Control 0.000 0.068 0.004
35-54 Ol 1 Ol 3 Ol 4 55+ ol1 0OI3 Ol 4
ol1 X X X Ol 1 X X X
013 0.701 X X Ol 3 0.967 X X

Ol 4 0.145 0.067 X Ol 4 0.379 0.708 X
Control 0.000 0.009 0.607 Control 0.005 0.593 0.384

Underlined = Not-normally distributed

100 Oltype

-1

—3

/\ — |
80 \_/—— e

60

40

Social functioning

20

15-24 25-34 35-54 55+
Age category
Fi )
gure 1g appendix Trend Difference | P-value

visualisation of table 1 appendix
Ool1 -9.2 0.030
Ol3 1715 0.632
Ol 4 -7.29 0.818
Control -3.77 0.127
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Table 2h Appendix Significance (p- value) of differences between Ol types and controls

(data shown in Table 1 Appendix)

Role functioning emotional

18-24 ol 1 013 Ol 4 25-34 Ol 1 ol 3 Ol 4
Ool1 X X X Ol1 X X X
013 0.431 X X Ol3 0.498 X X

ol 4 0.233 0.105 X Ol 4 0111 0.609 X
Control 0.090 0.709 0.007 Control 0.322 0.667 0.137
35-54 Ol 1 ol 3 Ol 4 55+ Ol 1 ol 3 Ol 4
ol1 X X X Ool1 X X X

ol 3 0.829 X X Ol3 0.86 X X

ol 4 0.488 0.641 X Ol 4 0.799 0.784 X
Control 0.927 0.422 0.312 Control 0.842 1.000 0.855

Underlined = Not-normally distributed

100 Oltype
-1
—_—3
—

g0 control group

60

40

Role functioning emotional

20

15-24 25-34 35-54 55+
Age category

Figure 1h appendix Trend Difference | P-value
visualisation of table 1 appendix
Ol 1 -7.07 0.508
Ol 3 4.86 0.997
Ol 4 -23.63 0.183
Control 1.28 0.717




Table 2i Appendix Significance (p- value) of differences between Ol types and controls

(data shown in Table 1 Appendix)

Mental health

18-24 ol 1 0l 3 ol 4 25-34 Ol 1 0l 3 Ol 4
ol1 X X X Ol1 X X X
013 1.000 X X ol3 1.000 X X

ol 4 0.620 1.000 X ol 4 1.000 1.000 X
Control 0.963 0.894 0.107 Control 0.623 0.889 0.428
35-54 0l 1 0l3 Ol 4 55+ Ol 1 ol 3 Ol 4
ol 1 X X X Ol 1 X X X
013 0.551 X X ol 3 1.000 X X

ol 4 0.594 1.000 X ol 4 0.621 1.000 X
Control 0.006 0.874 1.000 Control 0.749 0.423 0.259

Underlined = Not-normally distributed

100 Ol type

-1
— 3
— ]

=== contral grou
a0 group

>—i><

60

Mental health

40

20

15-24 25.34 35.54 55+
Age category

Figure 1i appendix Trend Difference | P-value
visualisation of table 1 appendix
Ol1 2.98 1.000
Ol3 -4.79 1.000
Ol 4 -11.94 0.522
Control 3.65 0.046
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Table 2j Appendix Significance (p- value) of differences between Ol types and controls

(data shown in Table 1 Appendix)

Mental component summary score

18-24 ol 1 0l 3 ol 4 25-34 Ol 1 0l3 Ol 4
Ol 1 X X X Ool1 X X X
ol3 0.629 X X ol3 0.448 X X

ol 4 0.029 0.715 X ol 4 0.769 0.386 X
Control 0.386 0.374 0.010 Control 0.695 0.348 0.823
35-54 ol 1 ol 3 0l 4 55+ Ol 1 0l3 ol 4
Ol 1 X X e Ool1 X X X
0l3 0.300 X X ol3 1.000 X X

ol 4 0.334 1.000 X ol 4 0.991 1.000 X
Control 0.041 0.183 0.459 Control 0.705 0.753 0.439

Underlined = Not-normally distributed

100 tﬁ)le
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— 3
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=} B0
o
wn
P
©
£
E w0
S5
wn
£ ———— e
[ ]
c
o
o 40
£
o
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2
0
15-24 25-34 35-54 55+
Age category
Figure 1j appendix Trend Difference | P-value
visualisation of table 1 appendix
Ol1 2.04 1.000
Ol3 1.14 1.000
Ol 4 -10.33 0.127
Control 0 1.000
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Abstract

Background Osteogenesis Imperfecta (Ol) is characterized by bone fragility, and features such
as blue sclerae, dentinogenesis imperfecta, hearing loss, ligamentous laxity and short stature can
be present. It has long been assumed that the functional ability and quality of life of patients with
Ol depends primarily on the severity of skeletal deformities. However, fatigue is often mentioned
in clinic by patients with all types of Ol as an important modifier of their quality of life and does not
always seem to be related to their functional ability. The aim of this study is to investigate whether

adults with Osteogenesis Imperfecta are significantly more fatigued than the normal population.

Methods The Fatigue Severity Scale (FSS) was distributed by mobile phone application among
151 adult patients with different Ol types. Results of the FSS in the Ol group were compared with
two control populations from America (n = 20) and the Netherlands (n = 113).

Results Ninety-nine patients (Ol type 1 (n = 72), Ol type 3 (n = 13), Ol type 4 (n = 14) completed
the FSS questionnaire. The mean FSS score of this cohort was 4.4 and significantly higher than the
control populations (2.3 / 2.9). 65% of our cohort reported at least moderate fatigue compared with

2 control populations from America and the Netherlands.

Conclusion Fatigue in patients with Ol is a frequently encountered problem in our expert clinic but
research into this topic is sparse. This pilot study is the largest study to date investigating fatigue in
patients with Ol and results have been compared with two control groups. The mean FSS score of
4.4 in the Ol group indicates that people with Ol are generally significantly more fatigued than the
control population. Further evaluation of fatigue and its influencers in a larger group of Ol patients

is important for future management.
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Introduction

Osteogenesis imperfecta (Ol) is a rare hereditary disorder with a prevalence of 6-7:100,000 . Ol is
primarily characterized by bone fragility. Additional features of Ol include blue sclerae, dentinogen-
esis imperfecta, hearing loss, ligamentous laxity and short stature 2-°. Ol is known to be a clinically
variable disorder with severity ranging from perinatal lethality to slightly increased fracture frequen-
cy with normal life expectancy 3. As such, the clinical classification of Ol consists of 5 different types
(1-5) 8. In approximately 90% of patients with Ol, dominant mutations in the genes COL7A7 and
COL1A2 encoding respectively the alpha1 and alpha2 chains of the protein collagen type |, are
identified 6. The functional ability of patients with Ol, especially ambulation, have been historically
attributed to the severity of the skeletal deformities * ¢ and this has long been the focus of physi-
cians involved in the care of patients with Ol. However, many patients visiting our expert center for
adults with Ol complained about fatigue, which limits their quality of life, and asked whether this
could be related to their diagnosis of Ol. Previous studies indicate that the quality of life (QoL) of
individuals with Ol is negatively influenced by reduced function due to fatigue indicating that fatigue
is an important factor when considering quality of life in Ol patients ™'°. As such, we approached a
subgroup of our total group of Ol patients to investigate the impact of fatigue on daily functioning

compared to control populations.

Methods

Study design and population

A cross-sectional cohort study was undertaken in the national expert center for adult patients with
Osteogenesis Imperfecta, Isala Hospital, Zwolle, The Netherlands. All patients who visited the ex-
pert center from December 2007 until December 2015 were selected to participate. The main exclu-
sion criteria were unreturned questionnaires. Informed consent was obtained from each participant.
The study was registered in the Isala research registry (Nr.190106) and the local Medical Ethical
Committee approved the study protocol and granted an exemption because participants are not

subject to procedures and are not required to follow rules of behavior.

Data collection

Many definitions of fatigue exist ' as well as scales to measure the nature, severity and impact of
fatigue in a range of clinical populations 2. To investigate fatigue in patients with Ol the Fatigue
Severity Scale (FSS) was distributed among all adult patients. The FSS questionnaire is widely

used and has been found valid and reliable in different patient groups 3. It is developed to measure
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the impact of fatigue on daily functioning '* and consists of the following nine statements: 1. My
motivation is lower when | am fatigued. 2. Exercise brings on my fatigue. 3. | am easily fatigued. 4.
Fatigue interferes with my physical functioning. 5. Fatigue causes frequent problems for me. 6. My
fatigue prevents sustained physical functioning. 7. Fatigue interferes with carrying out certain duties
and responsibilities. 8. Fatigue is among my three most disabling symptoms. 9. Fatigue interferes
with my work, family, or social life. The higher the score (on a scale of 1-7), the higher the impact

on fatigue in daily living (1 completely disagree, to 7 completely agree.)

The questionnaire was sent to the patients in the form of an email containing a link to download a
mobile application. If participants were unable to download the application, the questionnaire was
sent by email or regular post. To assess how fatigue influences daily living in Ol patients we ana-
lyzed the distribution of scores for the 9 separate statements. The severity of fatigue was calculated
as a mean FSS score of all nine items per patient ranging from 1.0 (no fatigue) to 7.0 (maximum

fatigue).

Medical records were analyzed from patients who completed the FSS to deter-
mine gender, age and the type of Ol according to the updated Sillence criteria 3.
Means and standard deviation (SD) were given for normally distributed continuous variables. Dif-
ferences in means comparing Ol patients and separate FSS questions were tested using indepen-
dent t tests and the mean differences were presented as the mean with 95% confidence intervals
(95%Cl). A two-sided p-value of 0.05 was considered significant. All data were analyzed with SPSS
(statistics 24.0.)

Control populations

To evaluate the impact of fatigue on daily living in Ol versus controls, we compared the FSS scores
from our cohort with two previous studies that used the FSS. The first study by Krupp et al. 1989 4
investigated fatigue in individuals with MS (multiple sclerosis) and SLE (systemic lupus erythema-
tosus) and in a control group consisting of 20 healthy American individuals selected from volunteers
unfamiliar with the study with a mean age of 39.7 years SD 9. The American control group scored a
mean of 2.3 SD 0.7. The researchers determined a cut off score > 4 for severe fatigue, influencing
daily living . The second study concerned the study of Merkies et al. 1999 ' which investigated
fatigue in immunemediated polyneuropathies and recruited a Dutch control group (n = 113) from
hospital personnel, companions (relatives, friends) of patients visiting their outpatient clinic, and
volunteers unfamiliar with their study. These patients declared themselves to be healthy, free from

any chronic medical condition, and were not taking medication that could contribute to fatigue. This
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control group consisted of 54 men and 59 women with a mean age of 54.2 (range 18-83) being
an average cohort out of the Dutch population and comparable to our Ol cohort regarding age and
gender distribution. The Dutch control group had a mean and median FSS of 2.9, SD 1.1. Severe
fatigue was defined as FSS score > 5.1 (mean + 2SD) and fatigue was defined as FSS score > 4
(mean + 1SD, n =113, 15).

Results

Clinical characteristics

We approached 221 Ol patients who had visited the expert center to participate in this study and
to fill in the questionnaire. The age range of this cohort was 18-80 years. Permission and signed
informed consent were received from 151 patients. A group of 52 patients did not complete the
questionnaire and was therefore excluded. Therefore, 99 patients (65.1% response rate) were
available for analysis. It concerned individuals with type 1 (n =72), type 3 (n = 13) and type 4 (n =
14). Sixty-one women and 38 men were included. The mean age was 45 (age range 19-80 years).

These distributions are comparable to our total Ol population ©.

Fatigue severity score

Participant basic characteristics and total scores

The mean and median FSS score of the individuals with Ol in our cohort were respectively 4.4 and
4.8, SD 1.4 (95% CI 4.16—4.70). According to the Kolmogorov Smirnov test, the distribution of the
FSS mean score was normal (p = 0.105). 42% (n = 42) of the respondents had a mean FSS score
of 25 whilst 23.1% (n = 23) had a mean FSS score between 4 and 5. The man/woman distribution
in the cohort was 40.5% (n =17)/ 59.5% (n = 25).

A single sample t test and the Mann-Whitney U test were conducted to determine if the differences
between the FSS score in the Ol group versus the American and Dutch controls were statistically
significant, concluding that individuals with Ol in this cohort have statistically higher fatigue scores
than the American control group, t (98) = (15.46), p = (0.000), and the Dutch control group, t (98) =
(11.10), p = (0.000).

Statements 3 and 4 of the FSS had both higher median scores with a smaller 95% confidence in-
terval of the mean (4.63 Cl 4.27—4.99 and 4.66 Cl 4.32—4.99) (significance 0.099, 0.067) compared
to the other questions. Statements 6 and 8 had also a high median score (4.23, 4.67), but overall

more diffuse results as can be seen in the 95% confidence interval (3.86—4.7; 4.22-5.12) (Table 1).
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Gender differences

Table 1 shows that there were no significant differences per gender with regard to the total FSS
score. Women scored higher (4.56 + 1.22) than men (4.22 + 1.57) on the total FSS score and also in
all separate statements except statement 1. On statement 8 this difference was significant (w:5.03
+2.08, m:4.08 + 2.42 (p = 0.048).

Table 1 Mean score per FSS statement for the whole Ol group and according to gender

FSS Statements | Mean score 95% Confidence | Mean men Mean women Difference gender
interval signific. *
1 5.43 5.14-5.59 5.47 +1.67 5.41+1.38 0.837
2 4.16 3.82-4.5 4.03+1.76 4.25+1.69 0.538
3 4.63 4.27-4.99 4.21+1.99 4.89+1.63 0.069
4 4.66 4.32-4.99 4.58 +1.87 4.70 + 1.56 0.719
5) 3.71 3.36-4.06 3.66 2 3.74+£1.6 0.836
6 4.23 3.86-4.7 416+2.4 4.36+1.92 0.661
7 414 3.75-4.53 3.89+212 4.3+1.82 0.320
8 4.67 4.22-5.12 4.08+242 5.03 £2.08 0.048
9 419 3.77-4.62 3.87 £2.26 4.39+2.04 0.338
Total 4.43 4.16-4.7 4.22+1.57 4.56 +1.22 0.234

*independent f test

Age group distribution
A visual comparison of the separate FSS scores between the different age categories is shown in

Figure 1. The FSS score for question 1 in age category 41-45 is significantly lower (2.4) than the
remainder age categories in our study cohort (5.8). (independent ¢ test p = 0.000). All other compar-

ison did not reveal significantly different values.

Differences between types of Ol
There were no significant differences per Ol type for the mean FSS score. The FSS mean scores

were in all Ol types =4 (Table 2).

There were no significant differences per Ol type for the separate FSS statements (data not shown).
In the group with a mean FSS 25, the distributions regarding Ol type were: Ol type 1: 64.3%
(n =27), Ol type 3: 13.4% (n = 6), Ol type 4: 21.4% (n = 9). People with Ol type 4 scored higher
than people with Ol type 3 and Ol type 1 on question 3, 6 and 8.
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Figuur 1 FSS score per age with marking of moderate and high fatigue scores according to Krupp et al

Table 2 Mean total FSS score per Ol type

Mean FSS score Standard Deviation
Ol type 1 (n =72) 4.38 1.36
Ol type 3 (n = 13) 4.33 1.69
Ol type 4 (n = 14) 4.75 1.14

Discussion

Fatigue is often mentioned by individuals with Ol during the clinical appointment. As the prevalence
and experience of fatigue in patients with Ol is largely unknown, we set out to perform a pilot study
regarding occurrence and severity of fatigue in people with Ol to determine whether this needs to
be explored further. 99/151 patients filled in the FSS. We assessed the medical records for age,
gender and type of Ol. We did not analyze for any medical confounders such as recent fracture(s),
cardiac or lung complications, initiated therapy, physical exertion, mobility and work. The mean and

median FSS score of the individuals with Ol was respectively 4.4 and 4.8.
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FSS results compared to results in two control groups

The fatigue scores in our study cohort are significantly higher compared to the Dutch national
control group(n = 113) "®*and the American control group (n = 20) . Merkies et al. " define a mean
FSS score 2 5.1 as severe fatigue, and a score > 4 and < 5 equates “borderline fatique “ . When
analysing the FSS results of the Ol cohort according to the definitions of Merkies et al. the Ol cohort
experiences borderline fatigue, influencing daily living, with regard to the mean FSS score. Krupp
et al. * defined a FSS score of > 4 as moderate to high fatigue level, influencing daily living. When
analyzing the FSS results according the definition of Krupp et al. ™ it appears that 42.4% of the
respondents (n = 42) had a mean FSS score of five or higher indicating severe fatigue. 23.1% (n
= 23) had a score between four and five indicating borderline fatigue. When analysing the results
with the definition of Merkies et al., it appears that 38.4% of the respondents (n = 38) had a mean
FSS score of five or higher indicating severe fatigue. 27.3% (n = 27) had a score between 4 and
5.1, indicating borderline fatigue. These mean FSS scores are very high compared to the general
population, with only 5% of the general population being severely fatigued '*. The presence and
severity of fatigue is almost equal across all Ol types, which could indicate that Ol type and severity
of Ol is not influencing fatigue. This may demonstrate that although most people with Ol type 1 will
have reached a higher level of daily functioning than patients with Ol type 3 and 4, they still experi-
ence comparable impact of fatigue on their daily functioning. The FSS scores in the Ol cohort also
exceed minimal clinically important difference (MCID) values determined for other patient groups,
which are for example 0.4 for SLE and 0.7 for RA (rheumatoid arthritis) - '8, Given the above, there
appears to be sufficient evidence for the presence of increased occurrence and severity of fatigue

in Ol patients in the investigated cohort

FSS results compared to one similar study involving Ol patients

A comparable study was recently performed in Norway by Arponen et al. °. It concerned a cross-sec-
tional study of responses of Ol patients matched with healthy controls from Norway to a question-
naire, designed to evaluate levels of experienced fatigue and body pain as well as presence or
absence of symptoms related to sleep disturbance or sleep apnoea. Fatigue was evaluated with,
among others, the FSS questionnaire which demonstrated a FSS mean score of 5 in patients with
Ol (n = 56). Interestingly, the Norwegian control group scored a mean FSS score of 4 (n = 56).
Arponen et al. concluded that in comparison with age and gender matched controls, adults with Ol

do not differ in experienced fatigue °.

The Dutch control group %, has a lower mean FSS score (2.9, n = 113) than the control group in the

Norwegian study of Arponen et al (4.0, n = 56, 9). Compared to the American original validation ™
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who report a mean FSS of 2.3 £ 0.7 (n = 20) again the mean FSS score in the Norwegian control

group is high.

However, there may be an explanation for the high score in the control group as a Norwegian na-
tional study investigating fatigue in the general population, ' concluded that the high FSS scores in
the general population of Norway can be due to difficulties in translation of the US-English version
of the FSS into Norwegian because of lack of the concept of fatigue in Norwegian language . A
valid comparison between Norway, the Netherlands and the US regarding the FSS may therefore
not be possible. A validation of the FSS in a Swiss control group is comparable to the Dutch and
American results with a mean FSS score of 3.00 + 1.08, (n = 454) %. As such, we can conclude
that the mean FSS score of our Dutch control group is comparable with the American and Swiss
control groups and that our earlier conclusion that the severity of fatigue is increased in the Dutch
Ol cohort still holds true.

Limitations of this study and further directions for research

There is a low response rate (151/221 gave consent and 99/151 filled in the FSS) when looked at
the initially approached patients. It is difficult to speculate why this could be the case but an import-
ant factor may be that with regard to consent as well as with regard to filling in the FSS, patients
were only approached once and were not sent reminder(s). Biases are difficult to avoid as it may
be that the people who felt that fatigue was influencing there life significantly, were more inclined
to participate but it is also possible that these patients were limited by fatigue to participate in the

study.

As mentioned before, there are many scales to measure the nature, severity and impact of fatigue
in a range of clinical populations and a limitation of the FSS is that it is a general questionnaire, and
as such not specially developed for Ol. The FSS however explores the severity of fatigue and is
therefore suitable for initial screening in different clinical populations and can be used for longitudi-
nal measurements which is important in assessing whether fatigue can increase or decrease over
time and exploring possible modifiers of fatigue. Another limitation of our study lies with the control
populations as both the Dutch control group and the US control group date from respectively 1999

and 1989 and trends in fatigue may change in the population over time.
Lastly, we did not investigate any factors that influence fatigue in Ol patients in our study, but this is

an important direction for further research into fatigue in patients with Ol as fatigue may influence

QOL. Other factors have been reported as well 2'. It is already known that the presence of pain,
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but also educational level and employment status influence the severity of fatigue. Bathmen et al.
published on fatigue in Marfan syndrome, another hereditary connective tissue disorder. The au-
thors concluded that occurrence of chronic pain and employment status influenced the severity of
fatigue 2. Interestingly, a study in children with Ol reported a decrease of the level of fatigue after
a 12-week individual and supervised physical training program, and increase of the level of fatigue
after the program had stopped '° 2%, Studies in other patient groups, including people with Marfan
syndrome reported good effects of physical activity on fatigue 242, This is important knowledge
since some Ol patients or parents of Ol patients tend to limit their physical activity when they be-
come aware of the inherited bone fragility 2°. Some age categories may benefit from an individual

and supervised training program.

Conclusion

In this study the influence of fatigue on daily functioning was investigated in the largest cohort of Ol
patients to date and compared with control groups in particular a national control group. Although,
there were several limitations of our study, based on the current data, there is sufficient evidence for
increased severity of fatigue in our cohort of Ol patients. An important direction for future research
is performing longitudinal measurements using the FSS and exploring determinants of fatigue as

this may be of importance for the quality of life in Ol patients.
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Part I

Bleeding and bruising in Osteogenesis Imperfecta
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Abstract

Osteogenesis imperfecta (Ol) is characterized by susceptibility to bone fractures. Other symptoms,
such as easy bruising and bleeding complications during surgery necessitating transfusions, have
also been reported. The aim of the cross-sectional pilot study was to assess the bleeding and
bruising tendency in Ol patients and to screen for possible underlying haematological disorders.
Bleeding tendency was investigated using the International Society on Thrombosis and Haemosta-
sis bleeding assessment tool (ISTH-BAT) in 22 adult Ol patients. Laboratory testing was performed
to investigate for bleeding disorders or abnormal coagulation. Four patients [Ol type 1(n = 3), Ol
type 4(n = 1)] had a bleeding score (BS) fitting with a bleeding tendency, but without test results
pointing to a coagulopathy. Two patients [Ol type 1(n = 1), Ol type 3 (n = 1)] without a bleeding
tendency according to the BS had increased fibrinolysis. This is the second largest study to date
addressing bleeding tendency in Ol and the first study to use ISTH-BAT and elaborate laboratory
testing for coagulopathies. Four patients had an increased bleeding tendency. However, laborato-
ry testing demonstrated no bleeding disorder or abnormal coagulation. Increased fibrinolysis was
demonstrated in two patients without bleeding tendency on BS. Vascular fragility as a cause of
bleeding tendency in Ol has been suggested earlier. Further research on bleeding tendency in Ol

is important.
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Introduction

Osteogenesis Imperfecta (Ol) is an inherited connective tissue disorder primarily characterized
by susceptibility to fractures. The prevalence of Ol has been reported as 6-7 per 100,000 '. Ol is
a clinically and genetic heterogeneous disorder. Clinically, Ol consists of 5 types (Ol types 1-5) ;
blue sclerae, dentinogenesis imperfecta, hearing loss, joint hypermobility and short stature can be

present as secondary features 3.

Most patients with Ol have a dominant pathogenic variant in either the COL1A1 or COL1A2 gene,
which encode collagen type | alpha 1 chain and collagen type | alpha 2 chain, respectively. Colla-
gen type | is abundant in bones, ligaments and tendons and has a triple helix structure. Dominant
pathogenic variants result in decreased and/or abnormal production of collagen type 1 4. It is well
known that the phenotype is influenced by the gene involved, the specific position of the variant

and the variant type 2.

Easy bruising is commonly reported by Ol patients. Earlier studies reported coagulation abnor-
malities: prolonged bleeding time, abnormal prothrombin consumption %%, abnormalities in platelet

function ¢, large platelets 7, decreased platelet retention and reduced factor VIII (FVIII) 8.

To our knowledge this is the second largest study after that of Evensen et al (1984), which reported
on 58 clinically diagnosed Ol patients 8. In addition, six case studies reported an increased bleeding
risk, without abnormal coagulation tests or further details being available. Five of these six casere-
ports described a single patient and one reported on 20 infants aged between 1 and 6 months old
914, To our knowledge, no recent studies have been performed in Ol patients to identify or exclude
a haematological cause. The aim of this study was firstly to investigate whether a bleeding tenden-
cy is present and, secondly, to perform haematological studies to identify or exclude coagulation

disorders.

Methods

Study design and population
An observational cohort pilot study was undertaken in the Expert Centre for adults with Osteogene-
sis Imperfecta, Isala Hospital, Zwolle, The Netherlands. All new adult patients with a clinical diagno-

sis of Ol who attended the centre from March 2018 until June 2018 were approached for the study
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and informed consent was obtained from each participant. Exclusion criteria were: medication that
could interfere with haemostasis, including bisphosphonates '*. The Medical Ethics Committee of

the Isala Hospital, Zwolle, The Netherlands, approved the study.

Data collection
Patients with Ol were seen by the multidisciplinary Ol team and the information retrieved was as-
sessed and patient notes were reviewed, with specific attention to comorbidities, medication and

diet. The Karnofsky index questionnaire was used to determine the general health of the patients °.

Evaluation of bleeding tendency

The history of bleeding in Ol patients was assessed using a validated bleeding assessment tool
(BAT) created by the International Society on Thrombosis and Haemostasis (ISTH) ', resulting in
a bleeding score with different reference ranges for gender and age. This BAT is a merged version
of 4 previous, validated BATs '@ that was primarily designed for identification of congenital disor-
ders of haemostasis. It is mostly used for von Willebrand disease (VWD) type 1 ', but can also
be used for the diagnosis of platelet function disorders . Data on epistaxis, cutaneous bleeding,
minor wounds, haematuria, gastrointestinal bleeds, oral cavity bleeds, prolonged bleeding after
trauma, surgeries or tooth extraction, menorrhagia, postpartum haemorrhage, muscle, joint and
central nervous system bleeds were collected using an online questionnaire. Our group translated
the Self-BAT version of the ISTH-BAT questionnaire ?' into Dutch so that the patients were able to
complete it.

Blood sampling, laboratory methods and molecular analyses

Blood was collected by venepuncture of the cubital vein in Vacutainer blood collection tubes (Bec-
ton Dickinson; Vianen, the Netherlands) containing 3.8% sodium citrate or dipotassium ethylene
diamine tetraacetic acid (K2EDTA) as anticoagulant. All tests have been standardized with defined
reference ranges as criteria for pathological results. The laboratory is subject to national and inter-

national external quality assessment in the field of haemostasis and thrombosis.

A full blood count was performed on an automated modular haematology system (Sysmex XN-
9000; Sysmex Europe, Etten-Leur, the Netherlands) for determination of haematocrit, and platelet
count. Activated partial thromboplastin time (aPTT), prothrombin time (PT, reported as an Interna-
tional Normalised Ratio), fibrinogen, FVIII activity and von Willebrand factor (VWF) antigen were
determined on a Sysmex CA-1500 automated analyser based on turbidimetry. VWF activity was
determined by the Sanquin Diagnostic Laboratory (Amsterdam, The Netherlands) using an agglu-

tination method.
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Platelet function was tested on an automated platelet function analyser (PFA-100; Siemens Health-
care Nederland B.V. Den Haag, the Netherlands). It measures the ability of platelets to adhere
and aggregate under high shear stress to a membrane covered with collagen and epinephrine or

collagen and ADP.

Fibrinolysis was determined by semi-automated thromboelastometry (ROTEM delta; Werfen Neth-
erlands, Breda, the Netherlands), which was locally calibrated as per the verification guidelines 2224,
Clot formation and lysis was determined after addition of reagents activating the internal or external
coagulation pathway. Maximum lysis (ML) was optically measured as the percentage reduction of
clot firmness within 60 min. Other Rotem parameters, such as clotting time (CT), clot formation
time (CFT) and maximum clot firmness (MCF) all fell within the reference ranges (Table 1) and are

therefore not further discussed.

DNA was extracted from blood or saliva. Next-generation sequencing was performed for a panel
of genes in which pathogenic variants are known to cause Ol (ALPL, BMP1, COL1A1/2, CRE-
B3L1, CRTAP, FKBP10, IFITM5, P3H1, LRP5, PLOD2, PLS3, PPIB, SERPINF1, SERPINH1, SP7,
TAPT1, TMEM38B, WNT1). Identified pathogenic variants have been reported according to the

Human Genome Variation Society guidelines for the nomenclature of DNA sequence variants 2°.

Statistical analyses

Variables were tested for normal distribution with the Kolmogorov-Smirnov test. Means and stan-
dard deviation were given for normally distributed continuous variables. Nonnormally distributed
continuous variables were presented as median, interquartile range (IQR), and categorical vari-
ables as frequencies (percentages). Differences in means comparing Ol patients with the controls
were tested using independent sample t tests and the mean differences were presented as the
mean with 95% confidence intervals (95% CI). A two-sided P-value of 0.05 was considered signifi-

cant. Analyses were performed using SPSS 25 for Windows (IBM Corp., Armonk, NY).
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Table 1

Patients characteristics with a general overview of bleeding score and laboratory measurements

Patient Ol Age Platelet VWF VWF
(text ID) BS | type | (years) | M/F | Bleeding symptoms count aPTT FVIIl | antigen | activity
1 8 3 24 M Subdural bleeding 202 30 103 | 74 82
2 2 4 45 F I, oral cavity bleeding | 254 33
3 0 3 52 M 367 27 121 75 76
(Patient 5)
4 4 1 19 F I, I, melena with 269 24 154 | 104 101
consultation
5) 0 1 18 M 163 28 116 | 88 135
(Patient 6)
6 1 51 F 1, 101%, 180 25 209 | 120 185
(Patient 1) Haematocheziat,
post-partum
blood transfusion
7 1 1 56 F Haematuria 333 23 91 87
8 3 1 70 M I1I*, IV, haematemesis | 258 28 181
9 3 1 40 M Epistaxis treated with | 249 27 99 74 72
cauterisation
10 1 29 M Il treated with blood 261 28 78
(Patient 2) transfusion
11 4 55 F 11, V, VI, 1l treated 346 26 173
(Patient 3) with medication, VII
12 0 1 33 F 290 30 97 76 79
13 1 1 30 F | 302 29 73 64 68
14 0 1 38 F 258 28 123 | 78 109
15 3 1 45 F Haematuria, 323 25 160 | 70 69
spontaneous
hemarthrosis
16 1 1 45 | 251 24 206 | 131 151
17 4 1 28 B with iron/hormonal 855) 31 95 75 72
therapy, VIII, oral
cavity bleeding
18 0 4 28 M 213 29 130 | 101 107
19 1 27 M IVE, Ill treated with 197 27 126 | 110 117
(Patient 4) re-surgery and blood
transfusion
20 1 1 67 F | 203 25 184 | 115 129
21 1 1 26 F [\ 394 26 222 | 130 143
22 1 1 53 F Il 396 28 108 | 84 71

Bleeding symptoms: |: menorrhagia; Il: 25 bruises [>1 cm]; Ill: bleeding after surgery in <25% of the procedures;

IV: bleeding after tooth extraction in <25% of all procedures; V: spontaneous epistaxis >10 min; VI: muscle haematoma
after trauma; VII: bleeding umbilical stump with surgical haemostasis and blood transfusion.; VIII: >5 minor bleeds/year.
Reference ranges: aPTT: 20-35 s; EPI/ADP: 85-165 s; ExtemCFT: 34-159 s; ExtemCT: 38-79 s; ExtemMCF: 50-72
mm;Extem/IntemML: <15%;Fibrinogen: 2-4 g/l; FVIII: 60-150%; IntemCFT: 30-110 s; IntemCT: 110-240 s; IntemMCF:
50-72 mm,; Platelet count: 150-400 x 109/I; PT: 09-11 s; VWF activity: 50%-150%; VWF antigen: 50%-150%. Results

outside the reference ranges are marked:
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Table 1 (continued)

Patient Fibri- Extem- | Extem- | Extem- | Extem- | Intem- | Intem- | Intem- | Intem-
(text ID) EPI/ADP | nogen | PT CT CFT MCF ML CT CFT MCF ML
1 132/107 3 11 75 93 64 5 167 92 62 6
2 2.4 1 68 100 59 208 98 58

3 157/90 341 11 64 60 63 162 52 61

(Patient 5)

4 114/78 1 49 68 71 6 195 87 68 5
5 91/77 2.2 11 77 154 52 14 154 50

(Patient 6)

6 93/102 3 1 64 100 60 7 150 76 60 9 Chapter
(Patient 1)

7 123/107 3.4 1 61 92 61 12 129 61 63 13
8 29 1 66 70 67 10 171 64 63 10
9 152/109 3.3 1 68 67 64 6 175 70 62 7
10 131/124 21 1 54 83 59 8 139 70 60 9
(Patient 2)

11 3.8 1 60 46 8 149 43 71 7
(Patient 3

12 112/95 2.9 11 72 63 66 6 172 59 64 10
13 119/113 3.2 1 79 76 67 6 195 60 65 8
14 3 1 55 77 64 5 163 62 63 5
15 168/112 2.6 1 63 66 64 11 163 51 65 11
16 95/76 29 1 63 71 68 3 153 68 65 4
17 128/95 2.5 11 67 59 70 1 187 52 70 2
18 137/109 11 74 118 60 8 139 96 59 8
19 103/84 21 1 71 97 58 3 178 107 56 4
(Patient 4)

20 129/105 3.4 1 55 71 67 2 150 50 69 3
21 95/84 3.4 1 56 59 4 169 48 70 10
22 162/158 2.4 1 63 58 68 4 164 53 66 5

Abbreviations: aPTT, activated partial thromboplastin time; BS, bleeding score; CFT, clot formation time; CT, clotting
time; EPI/ADP, epinephrine/adenosine diphosphate; Extem, screening test for the extrinsic haemostasis system; F,
female; FVII, factor VIII; EIntem, screening test for the haemostasis system; M, male; MCF, maximum clot firmness; ML,
maximum lysis; Ol, Osteogenesis Imperfecta; PT, prothrombin time; VWF, von Willebrand factor.

*Treatment not known,

TWithout associated gastrointestinal disease,

fTreated with re-suturing and packing.
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Results

Participant characteristics
In total 23 patients were identified during the study period. One patient was excluded because
laboratory testing failed as the blood samples could not be analysed within the normal timeframe.

Therefore, 22 patients were available for analysis.

Fourteen of the 22 (63.6%) Ol patients in our cohort were female. The mean and median age of par-
ticipants with Ol was 40 (IQR 28-52) According to the Kolmogorov-Smirnov test, the age distribution
of this study was normal (p = 0.179). Skewness and kurtosis were 0.393 and -0.781, respectively,
thus confirming the normal distribution 6. Seventeen of the 22(77%) subjects had Ol type 1, 2 (9%)
type 3 and 4 patients (14%) had Ol type 4. None of the patients suffered from renal or liver diseas-
es. None of the patients reported smoking or alcohol abuse (>2 units/day). All patients were in a

moderate to good condition (Karnofsky Index mean 82%, mode 80%) (Table 2).

Table 2 Overview of general patient characteristics

Variable Ol patients
Female, n (%) 14 (63.6)
Current age, years, median (IQR) 39 (28-52)
Karnofsky index, years, median (IQR) 80 (80-90)
Age at diagnosis, years, median (IQR) 4 (0-33)
Ol subtype, n (%)
Type 1 17 (77.3)
Type 3 2 9.1)
Type 4 8 (13.6)
Response rate ISTH-BAT, n (%) 20 (91%)

Abbreviations: IQR, Interquartile range; Ol, Osteogenesis imperfecta.

Bisphosphonates

Sixty percent of the patients had previously used bisphosphonates. The group who had never used
bisphosphonates had a mean bleeding score of 1.38 (standard deviation, SD 1.19), whereas the
group who used bisphosphonates in the past had a mean bleeding score of 3.00 (SD 3.16). The

difference between these mean values is not statistically significant (p = 0.113).
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Figure 1 Bleeding scores of the patients according to gender. ISTH-BAT: International Society

on Thrombosis and Haemostasis bleeding assessment tool
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ISTH-BAT bleeding scores

Normal ISTH-BAT scores for males are <4 and <6 in females 8. Abnormal values were found in
18% (n = 4) of the patients, three of whom appeared to be Ol type 1, and one patient was Ol type
4. We found a wide range of bleeding scores, 0-7 in males, 0-9 in females, and only 25% (n = 5) of
the scores were 0 (Figure 1), with a median score of for males, and 1 for females. No correlations
were seen between age and score within the population (Pearson correlation 0.084), or between Ol

type and score (Pearson correlation 0.160).

Patients 1-4 had a bleeding tendency according to the BS and reported different symptoms (Table
1). Patient 1 reported haematochezia with unknown cause, menorrhagia for which no intervention
was required, excessive bleeding during surgery and bleeding after a caesarean section that re-
quired blood transfusion. She had Ol type 1 due to a ¢.859-1G>A pathogenic variant in the COL1A1
gene. Patient 2 reported excessive bleeding that required blood transfusion after orthopaedic sur-
geries. He had Ol type 1 due to a ¢.2413G>C; p.Gly805Arg pathogenic variant in COL1A2. Patient
3 reported frequent spontaneous epistaxis with a bleeding episode that lasted more than 10 min,
easy bruising above the score limit with 5 or more bruises (>1 cm) in exposed areas, excessive
bleeding requiring procoagulant therapy after surgery, a muscle haematoma after trauma and an
excessive umbilical stump bleeding after birth, for which two surgeries were required. She had Ol
type 4 due to a c.1171G>A; p.Gly391Ser pathogenic variant in COL1A2. Patient 4 reported frequent
prolonged bleeding after dental extraction for which extra dental packing and stitching was neces-
sary, as well as an excessive bleed after ear, nose and throat surgery, which required re-surgery
and procoagulant therapy. He has Ol type 1 due toa COL1A1 ¢.3076C>T; p (Arg1026*) pathogenic

variant.

Have you ever had

(...) spontaneous epistaxis? 13 6
(...) an cutaneous bleeding? (Bruising, - 5 14 3 |
(...) a small persistend bleeding? 19 0
(...) haematuria? 17 2V
(...) gastrointestinal bleeding? 16 SN
(...) oral cavity bleeding? 18 1K
(...) bleeding after tooth (teeth) extraction? 16 3
(...) bleeding after surgery or major trauma... 14 5 I
(...) muscle haematomas? 18 16
(...) haemarthrosis? 18 16
(...) cranial or spinal bleeding? 18 16
(...) very heavy menstrual bleeding =~ 4 7 7 |
(...) post-partum haemorrhage? 6 0

No Yes mLeading to bleeding score points

Figure 2 Summary of the patient’s answers to the International Society on Thrombosis and Hae-

mostasis bleeding assessment tool (ISTH-BAT) questionnaire. Responses (n) shown
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Bleeding symptoms were generally mild, and most frequently consisted of easy bruising in 74% (n
= 14), but only 16% (n = 3) were above the score limit with 5 or more bruises (>1 cm) in exposed
areas (Fig 2.) No correlations were found between the bleeding score and VWD, FVIII, aPTT and
fibrinogen values (Pearson correlation 0.117, 0.182, 0.140, 0.018, respectively) As such, none of
these laboratory results were predictive for the bleeding score in this cohort. Although the platelet
count was normal (>150 x 10%1) in all patients, 2 of the 4 patients with high bleeding scores levels

had a platelet count below 200 x 1091, while the mean platelet count was 275 x 10%I.

Platelet count, APTT, PT, Fibrinogen, VWF, FVIII

Routine coagulation parameters were analysed (Table 3). Platelet counts and PT levels were nor-
mal in all patients. Fibrinogen was abnormal in two patients; both of these patients had no other
abnormalities in their blood tests or questionnaires. One patient was diagnosed with VWD type |.
None of the patients had FVIII levels <50%. High FVIII activity (>150%) was found in nine patients
(Table 1).

Table 3 General coagulation findings in Ol

Test Reference range | Abnormal findings/ Ol patients Mean (SD) | 95% CI
Patients studied (n/N)

aPTT 20-35s 0/22 27.3 (2.7) 26.2-28.4

Prothrombin time | 0.9-1.1 0/22 1.032 (0.0478) 1.00-1.05

Platelet count 150-400 X 1091 | 0/22 273.6 (72.4) 245.1-306.21

Factor VIII 60-150% 9/22 128 (49.9) 108.2-152.2

Fibrinogen 2.0-4.09/l 2/22 3.0 (0.58) 2.8-3.3

Abbreviations: aPTT, activated partial thromboplastin time; Ol, Osteogenesis imperfecta; SD, standard deviation.

PFA-100 - Platelet function

Mild platelet function disorders were found in two cases (9%), which did not correlate with the ISTH-
BAT scores or the ROTEM results. However, these patients did report easy bruising. One of these
patients had VWD type |. This correlated with elevated epinephrine (EPI)/ adenosine diphosphate
ADP) values, as the PFA-100 analyser is very sensitive for VWD 27, This patient had an ISTH-BAT
score of only 2 and no ROTEM abnormalities (Table 1). A second patient with elevated EPI/ADP
values did report family member(s) with a bleeding tendency but did not have VWD. This patient
had an ISTH-BAT score of one point on the excessive bruising and no other abnormal values. There
were no significant differences in laboratory values between males and females. No differences

were found between the different Ol types.
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Fibrinolysis

The ROTEM test was performed to determine fibrinolysis in all 22 included Ol patients (Table 1).

One patient (Patient 5) had 17% fibrinolysis of (referen
Ol type 3 due to a ¢.2461G>A p.(Gly821Ser) pathogen

ce range <15%) (Figure 3); this patient had
ic COL1A1 variant. He had no other abnor-

mal laboratory test results and a BS of 0. Another patient (Patient 6) had 15% fibrinolysis, Ol type 1
due to a ¢.859-1G>A pathogenic COL1A1, a BS of 0 and no other abnormalities.

EXTEM [default]

RT 01:00:01 ST: 2018-03-20T16:07:35
cT 64 s [38-79]
CFT 60 s [34-159]
AS 51  mm [34-55]
Al0 60 mm [43-65]
MCF 63 mm [50-72]

i ; o : 78 ° [63-83]
10 20 30 40 50 min ML [ 16 % [0-15]
A20 : 63 mm [50-71]

LI30 96 % [94-100]
LI45 8% %

INTEM [default]

RT: 01:00:01 ST: 2018-03-20T16:08:38
cT 162 s [100-240]
CFT 52 s [30-110]
A5 53 mm [38-57]
AlO 60 mm [44-66]
MCF 61 mm [50-72]
o : 79 ° [70-83]
ML o¥ 17 % [0-15]
A20 : 60 mm [50-71]
LI30 91 % [94-100]
LI45 85 %

Figure 3 ROTEM trace with increased fibrinolysis

a: alpha angle; A5: amplitude at 5 min; A10: amplitude at 10 min; CFT, clot formation time; CT, clotting time;
EXTEM, screening test for the extrinsic haemostasis system; INTEM, screening test for the
haemostasis system; MCF, maximum clot firmness; ML, maximum lysis
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Discussion

Bleeding tendencies have been occasionally reported in patients with Ol, but detailed studies on
coagulation defects in these patients are sparse. In this study we assessed the bleeding tendency
with a validated questionnaire (ISTH-BAT) and investigated several laboratory parameters in all
patients to identify or exclude a coagulopathy. The ISTH-BAT identified easy bruising in 74%. Five
patients reported haemorrhages during surgery requiring blood transfusion and other medical in-
terventions, such as a repeat surgery. These types of events have previously been reported in the
literature in Ol patients ®'. Interestingly, 18% of the Ol patients appeared to have an elevated BS
but laboratory testing did not identify a coagulopathy. Intriguingly, three patients had test results that
indicated hyperfibrinolysis (n = 2) and VWD type 1 (n = 1), but these patients did not have an ele-
vated bleeding score and the two patients with hyperfibrinolysis did not report easy bruising. VWD

type 1 has a high prevalence and is most likely unrelated to Ol .

For the patients with an elevated BS and no laboratory test abnormalities, it may be possible that
the elevated BS is due to other causes. However, gender, age, Ol type and the use of bisphospho-
nate did not point to a significant effect on bleeding tendency. Persiani et al. described a significant-
ly higher rate of bleeding in Ol type 3 patients who never used bisphosphonates and underwent
femoral surgery 5. One hypothesis for this is that the reduction and/or abnormal production of col-
lagen type 1 may predispose to capillary fragility, as the vessel walls contain collagen type 1 522,
However, if this hypothesis would be true, one would expect an elevated BS in all patients with Ol
unless there is clinical variability, ranging from slight increased propensity to bruise in the patient,
to more severe clinical features resulting in elevated BS. In this scenario, the underlying genetic

cause may be an important factor.

In two patients with a BS score of 0, moderately elevated fibrinolysis was measured by ROTEM®,
which indicated an increased clot lysis that can lead to bleeding tendencies °3'. Given that fibrino-
lytic activity depends upon the activity of endothelial cells, cellular elements of haemostasis may
possibly play a role in triggering bleeding disorders *. A suggestion for the possible connection
between hyperfibrinolysis and Ol could be a deficiency in plasminogen activator inhibitor-1 (PAI-1).
PAI-1 deficiency has been reported in a patient with Ol and spontaneous intraparenchymal haemor-
rhage 2. There is evidence that PAI-1 also has a role in bone formation in mouse models 3335, PAI-1
is stabilized by vitronectin which is anchored to collagen type 1 . As collagen type 1 production

is reduced and/or abnormal this might influence a factor resulting in bleeding tendency in some Ol
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patients. Again, we hypothesize that the reduction and/or abnormal production of collagen type 1
may lead to increased fibrinolysis and, as such, is more likely to be observed in patients with Ol.
However, the moderately elevated fibrinolysis does not fit with a bleeding score of 0. The question-
naires might possibly have been influenced by a recall bias. Some crucial questions about duration
of bleeds and bruise counts are difficult to recall, especially when a number of years have passed

since a bleeding event.

Intriguingly, Patient 1, with an elevated BS, is the mother of Patient 6, who had a BS of 0 and mod-
erately elevated fibrinolysis. Although, the younger age of Patient 6 might have affected his BS,
we would have expected his mother to have abnormalities on fibrinolysis. It remains a possibility
that the ISTH-BAT and fibrinolysis are good tools for identifying and/or excluding coagulopathies,
but simply not suitable for diagnosing and/or excluding inherited connective tissue disorders, such
as Ol. We hypothesize that a frequently reported feature, such as easy bruising, might be due to

capillary fragility following abnormal and/or reduced collagen type 1 production in Ol patients .

Conclusions

This is the second largest study to date addressing bleeding tendency in Ol and the first study to
use ISTH-BAT and elaborate laboratory testing for coagulopathies. In our cohort, 74% reported
easy bruising, 18% had an elevated BS on ISTH-BAT without coagulation abnormalities and 9%

demonstrated slight hyperfibrinolysis with a BS of 0.

We observed no extensive bleeding disorders or evidence of abnormal coagulation in this cohort.
Interestingly, two patients were found to have a slight hyperfibrinolysis, which may point to capillary
fragility due to abnormal and or reduced collagen type 1 production. Another patient was diagnosed
with VWD type 1, which has a high prevalence and is most likely unrelated to OlI.

There is, however, no correlation between the bleeding tendency according to the BS and hyperfi-
brinolysis, and it is possible that the ISTH-BAT and hyperfibrinolysis are not good tools for assess-

ing bleeding tendency in patients with OlI.
Considering the rarity Ol is a rare disorder, this study represents the assessment of a large group

of patients. However, it is still a limited number of patients from which conclusions can be drawn.

As such, it would be important to repeat the same study set-up in a large group of patients with mo-
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lecularly confirmed Ol in order to assess whether there is indeed an increased bleeding tendency
in patients with Ol. In addition, we aim to also look for evidence of easy bruising during physical
examination and will investigate whether elevated BS is a consistent feature in families with Ol. If
an increased bleeding tendency is found to be present in a significant proportion of Ol patients, the

responsible mechanism will need to be further investigated.
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Abstract

Background Osteogenesis Imperfecta (Ol) is characterised by bone fragility. Among several fea-
tures, easy bruising and multiple case reports on haemorrhagic events have been reported. This
paper describes the diverse manifestations of bleeding and bruising in a large cohort of 328 Ol
patients. The aim of this study is to provide insight in the diverse aspects and therapeutic consid-

erations of bleedings in Ol.

Methods This descriptive cohort study was conducted at the Expert Center for adults with Ol
in Isala, the Netherlands. Bleeding was assessed by the validated self-bleeding assessment tool

(Self-BAT) The tool was distributed among 328 adults with different clinically confirmed types of Ol.

Results 195 of 328 invited patients (response rate 60%) with Ol type 1 (n =144) ,0l type 3 (n =17)
and Ol type 4 (n =34), aged between 18 and 82 years, completed the tool. Self-BAT scores were
above the normal range in 42% of all patients. For males Self-BAT scores were increased in 37%
with a mean score of 3.7, ranged between 0;18. For females the Self-BAT scores were increased in

44% with a mean of 5.4 and a range of 0;24. No statistical differences in Ol subtypes were found.

Conclusions Bleeding tendency appears to be a relevant complication in Ol patients as this study
confirms the presumption of bleeding tendency. There are specific recommendations to clinicians
who treat Ol patients to consider an assessment of bleeding tendency and use potential interven-

tions to reduce haemorrhagic complications and improve quality of life.
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Introduction

Osteogenesis Imperfecta (Ol), commonly defined as ‘brittle bones’ disease, is pathogenetically
based on an hereditary collagen type | synthesis disorder, most often due to an autosomal domi-
nant mutation in COL71A7 or COL1A2 genes. In addition to collagen type | genes, Ol can be caused
by multiple proteins connected to different parts of collagen biosynthesis . Therefore it includes
broader characteristics like blue sclerae, hearing loss, dental problems, ligamentous laxity and
short stature 2. The degree of impaired production of collagen type 1 is based on dominant patho-
genic gene variants and results in a heterogeneous clinical expression historically classified in 5
types . The prevalence of Ol is about 6-7 per 100,000 #. Easy bruising and bleeding are prominent
features of some heritable connective tissue disorders such as Ehlers-Danlos, and is also common-
ly reported by Ol patients >7. The literature for Ol in relation with bleeding disorders is sparse and
often dated ®"'. Bleeding disorders in heritable disorders of the connective tissue can be a result
of fragility of capillaries and perivascular connective tissue, but can also be caused by a clotting
problem due to platelet dysfunction, a defect in fibrinolysis or vascular components of the haemo-
stasis 6. Although diagnosis of severe bleeding disorders such as moderate or severe hemophilia
can be well defined, the distinction between individuals with or without a mild bleeding disorder is
often difficult. The use of a bleeding assessment tool (BAT) in mild bleeding disorders can be more

distinctive than a complete laboratory workup 24,

Since clinical appreciation of presence and severity of bleeding symptoms is a fundamental step in
the evaluation of a possible bleeding disorder in Ol, the aim of this study is to describe the diverse
aspects of bleeding and bruising in our whole cohort of Ol patients using a structured questionnaire.
We also intend to provide insight in the clinical consequences and give therapeutic considerations

of bleeding in Ol due to surgery, tooth extraction, menstruation and obstetrics.

Methods

A nationwide descriptive cohort study was undertaken in the Expert Center for adults with Ol, Isala
Hospital, Zwolle, the Netherlands. All known patients in our clinic with a clinical diagnosis of Ol
according to the Ol classification of van Dijk and Sillence ® were invited to fill in the self-bleeding
assessment tool (Self-BAT) between October 2019 and August 2020. The Medical Ethics Commit-
tee of the Isala Hospital, Zwolle, The Netherlands, confirmed that the Medical Research Involving
Human Subjects Act does not apply (reference number: 190513). All patients who were invited for

this study signed an informed-consent form for study participation.
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Evaluation of bleeding tendency

The Self-BAT is a self-administered bleeding assessment tool validated in Canada and the Neth-
erlands 5'6 and is based on the International Society on Thrombosis and Haemostasis Bleeding
Assessment Tool (ISTH-BAT)'"'8. The 14 Self-BAT domains cover epistaxis, cutaneous bleeding,
minor wounds, haematuria, gastrointestinal bleeds, oral cavity bleeds, prolonged bleeding after
trauma, surgeries or tooth extraction, menorrhagia, postpartum haemorrhage, muscle, joint and
central nervous system bleeds and other bleedings. Each domain scores from 0 (absence of bleed-
ing symptoms) to 4 (symptoms requiring extensive medical intervention). The distinction between
0 points and 1 point is of critical importance since score 1 means the symptom meets the minimal
criteria defining a significant bleeding. This distinction between the different scores is described
by the ISTH Scientific and Standardization Committee ' and independently selected by 2 trained
researchers (KG and HB). Different scores were reassessed and resolved by consensus. A total
bleeding score is calculated by sum of scores for all BAT domains. A total bleeding score in men =

4 and in women 2 6 was defined as an increased bleeding tendency 56

Data collection

All data obtained from the Self-BAT were collected digitally and analysed using IBM SPSS Statis-
tics Version 24. Variables were presented as numbers (n) and frequencies (%), mean and SD and
median and interquartile range (IQR). Comparison of means between Ol types 1, 3 and 4 was done
using ANOVA with Bonferroni comparison for post-hoc testing. P values < 0.05 were considered to

indicate statistical significance.

Results

Of 328 invited Ol patients, 225 patients (69%) returned the questionnaire. In total, 30 patients did
not fully complete the questionnaire and were therefore excluded from the analysis. Therefore 195
questionnaires were available for analysis (completion rate 60%). No reasons for non-completion

or signs of selective response were found.

Participant characteristics

The study population was predominantly of Dutch origin with a male/female ratio of 71/124. It con-
cerned individuals with Ol type 1 (n = 144), type 3 (n =17) and type 4 (n = 34) (Table 1), with diverse
genetic causes of Ol. The mean age of this population at time of inclusion was 43,7 years (SD 15,6),

with a median of 40 and ranged between 18 and 82 years. (Table 1) Surgery and dental extractions
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were relatively common, 91% (n =177) of the patients had undergone surgery and 86,2% (n =168)
had experienced a dental extractions. Of all 124 women, 91,9% (n =114) ever had a menstrual
period and 42,7% (n =53) had been pregnant. Women with Ol type 3 had never been pregnant. Of
the women who had been pregnant, 47 had at least 1 delivery. The reason why 6 of the pregnant
women did not give birth was not known. Three patients were known with von Willebrand disease

(VWD). No other bleeding disorders were reported.

Table 1 General descriptive data study population

Ol type 1 Ol type 3 Ol type 4
n =144 n =17 n =34
Sex, n (%) Male 49 (25) 7 (4) 15 (8)
Female | 95 (49) 10 (5) 19 (10)
Age in years, mean (SD) 44.7 (15.2) 31.7 (13.1) 45.4 (16.3)
Chapter
Bleeding assessment 5
Self-BAT score

Self-BAT scores were above the normal range in 42% of all patients. For males Self-BAT scores
were increased in 37% (n = 26) with a mean score of 3.7, ranged between 0;18. For females the
Self-BAT scores were increased in 44% (n = 55) with a mean of 5.4 and a range of 0;24. There
was no statistically significant difference between the Ol types regarding severity of each bleeding
symptom or total Self-BAT scores (Figure 1). The correlation between age and Self-BAT score is
negligible (R? = 0,012).
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Figure 1 Correlation between Self-BAT bleeding score and Ol types. Black lines are medians.

Dashed line is cut-off score for men and women
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Extensive medical intervention (a domain score of 4) was needed in 23% of the patients (n = 45)
and mostly needed in the domains of surgery (n = 34), menorrhagia (n = 5) and dental extraction
(n =5). (Figure 2) 5% Of the patients (n = 10) required extensive medical intervention on more than
1 Self-BAT domain. The number of patients with significant bleeding per different bleeding domains
is shown in Table 2. The specification of severity of bleeding symptoms (score 1-4) in the different
domains are shown in supplemental Table 1. A symptom was scored as “present” if the patient
indicated this in the questionnaire and scored as “significant” if the patient had a score of 1 or more
on the Self-BAT for this item. Overall, the most common significant symptoms were menorrhagia
(59.7% of all women) and cutaneous bleeding (50.8%). Other prevalent symptoms were postpar-
tum hemorrhage (34%), bleeding from minor wounds (32.8%) and bleeding after surgery (30.3%).
The least common symptoms were haematuria (2.1%) and cerebral bleeding (2.6%) (Table 2).

Table 2. Analysis of the Self-BAT scores in 195 patients with Ol.

Self-BAT domains Present* Significant bleeding Significant bleeding
n (%) n (%) leading to increased
total Self-BAT, n (%)
Cutanous bleeding 171 (87.7) 99 (50.8) 58 (58.6)
Bleeding from minor wounds 184 (94.4) 64 (32.8) 45 (70.3)
Menstruation 114/124  (91.9) 74 (59.7) 45 (60.8)
(of 124 woman women)
Surgery 177 (90.8) 59 (30.3) 52 (88.1)
Dental extraction 168** (86.2) 40 (20.5) 31 (77.5)
Epistaxis 145 (74.4) 39 (20) 26 (66.7)
Muscle hematomas 32 (16.4) 32 (16.4) 22 (68.8)
Hemarthrosis 18 (9.2) 18 (9.2) 15 (83.3)
Other bleeding 17 (8.7) 17 (8.7) 11 (64.7)
Childbirth (of 124 woman) 47/124** (37.9) 16 (34) 10 (21.3)
Oral cavity bleeding 36 (18.5) 9 (4.6) 7 (77.8)
Gastro intestinal bleeding 14 (7.2) 6 (3.1) 4 (66.7)
Central nervous system 5 (2.6) 5 (2.6) 5 (100)
bleeding
Haematuria 24 (12.3) 4 (2.1) 3 (75)

* “Present” corresponds to the number of patients who experienced a cutaneous, minor wound, nose, muscle, joint,
oral cavity or urinary tract bleeding regardless of significance of bleeding,

** Corresponds to the number of patients who experienced a dental extraction, surgery, women who menstruated and
women who had at least 1 delivery, with or without bleeding.
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Figure 2 Distribution of bleeding symptoms needing extensive medical intervention
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Discussion

Bleeding problems are often reported by patients with Ol and in case reports, but large cohort stud-
ies reporting on bleeding tendency of adult patients are not performed. Clinical appreciation of the
presence and severity of bleeding symptoms is a fundamental step in the evaluation of a possible
bleeding disorder in Ol and therefore this study investigated bleeding tendency in a large cohort of
adult Ol patients using a structured BAT. In 42% of the included Ol patients the Self-BAT score was

increased compared to the normal range .

Bleeding after surgery

Surgery is frequently needed in our population. In this cohort 91% of all patients underwent surgery.
Because 17% of all included patients with Ol reported that they required blood transfusion after
surgery, awareness of this bleeding risk is of critical importance. Identification of risk factors in Ol
patients before surgery can result in less bleeding incidents and reduce the need for transfusion
because attention to mild bleeding symptoms can ameliorate bleeding diathesis when drugs, such
as desmopressin and antifibrinolytics, are used when necessary 422, There are several studies
describing excessive bleeding due to surgery in Ol patients, despite normal pre-operative haema-

tological assessment. Wong et al. reported bleeding complications despite normal preoperative
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coagulation studies in 30% of the study participants (7 out of 23) and Langness and Behnke et al. in
11% of the study participants (9 out of 80) 2*%°. A recent study of Rothschild et al. reported significant
intraoperative blood loss in 17% of 205 surgeries among 83 Ol patients without link to coagulation
disorders 26, Also Morton et al. (n = 1), Wood et al (n = 2), Waters et al. (n = 1) and Mondal (n = 1)
describe bleeding diathesis without explanatory coagulation disorders 2-%°. Several studies try to
discover a link between bleeding diathesis and laboratory abnormalities, but all were inconclusive
5113134 The use of a structured bleeding questionnaire as is used in this study seems to be far
more useful than laboratory measurements because correlation between levels of a specific factor
and the severity of bleeding symptoms is usually poor. This may be because standard tests poorly
reflect in vivo haemostasis. The contribution of many factors (e.g. vessel fragility or fibrinolysis) can-
not be measured. Also a genomic search for the molecular basis of inherited clotting and platelet
defects will not be as useful as a good questionnaire because often variability in penetrance and
expressivity %, coinheritance of haemostatic defects or superimposed genetic modifiers make the
relationship between genotype and phenotype less stringent than previously appreciated 2. For
a mild bleeding disorder as Ol a clinically driven “bleeding” diagnosis based on anamnestic risk
factors can be of more benefit than preoperative laboratory investigation as is shown by Obaiji et al.
They applied desmopressin and/or tranexamic acid to a group of patients with a significant bleed-
ing history with no reproducible abnormality with the standard tests of haemostasis, and found no

bleeding in 90% of patients undergoing an intervention *.

Post extraction bleeding (PEB)

21% Of the patients in this study experienced unusual bleeding due to dental extraction. PEB (Post
extraction bleeding) has divergent definitions but is a well-recognized, frequently encountered com-
plication in dental practice with an varying incidence between 0-26% *". Post extraction bleeding
has been attributed to various factors that can be broadly classified as local and systemic. Locally
soft tissue or bone bleeding can occur due to traumatic extraction leading to laceration of blood
vessels. Also inflammation at the site of extraction, traumatic extraction, and failure of the patient to
follow post(extraction instructions have also been associated with PEB. Systemic factors include
platelet problems, coagulation disorders or excessive fibrinolysis, and inherited or acquired prob-
lems (medication induced) ®. In the current study we did not differentiate the underlying factors
that can cause bleeding and a literature review did not reveal any previous reports for bleeding
risk after tooth extraction in relation to patients with Ol. However, further differentiation in cause of
post extraction bleeding would be very useful since patients with Ol have also often dentinogenesis

imperfecta * and are at risk of bisphosphonate related osteonecrosis of the jaw .
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Heavy menstrual bleeding (HMB)

In our cohort 65% of the women who ever menstruated had significant abnormal bleeding during
their menstruations. In 40% of all patients who menstruated, abnormal menstruation contributed to
an increased total BAT score. This means that menstrual bleeding disorder in Ol contributes signifi-
cantly to an increased BAT score. Menorrhagia is the most frequent health problem for a woman
during reproductive life, occurs in about 30% of women, is underdiagnosed and poorly treated *'.
It has a major impact on a woman'’s quality of life for which the NICE guideline on heavy menstrual
bleeding encourages clinicians to focus their interventions on improving quality of life rather than
focusing on blood loss “2. Besides this already large problem in the general population, menorrhagia
is a prominent feature of most bleeding disorders “*-45. Among patients with moderate to severe Von
Willebrand Disease in the Netherlands a prevalence of menorrhagia of nearly 80% was demon-
strated “6. No literature is available for the prevalence of menorrhagia in patients with Ol, but our
study suggests an increased prevalence of menorrhagia in Ol compared to the general population.
With regard to the major impact on quality of life and the relatively large prevalence of HMB in Ol
it should be noted that a substantial proportion of women with menorrhagia with abnormal labora-
tory haemostasis has shown to respond to therapy with desmopressin and/or tranexamic acid with
decreased bleeding and improved quality of life 4. Therefore, pro-active treatment for HMB in Ol

should be considered.

Postpartum haemorrhage (PPH)

In our cohort 53 female patients stated they had ever been pregnant. Of these, 47 patients reported
ever having given birth. 16 Out of 47 women (34%) experienced significant PPH which is much
higher than the incidence of PPH in many high-income countries “¢. Recent research on pregnan-
cies with Ol shows significant higher rates of blood transfusion compared with US normative data, a
significant increase in pre-pregnancy bleeding and a non-significant increase in post-partum bleed-
ing compared with non-Ol pregnancies **%. PPH though is worldwide known as a major contributor
to maternal death %' and even mild haemostatic abnormalities can be a significant risk factor for
severe PPH %2, Also previous PPH results in a much higher risk of recurrent PPH during a subse-
quent delivery 5%, The high prevalence of PPH in Ol as found in this study highlights the need for
awareness of possible bleeding tendency in pregnant woman with Ol. Veen et al. found that PPH
can be the first symptom of an inherited bleeding disorder, but also emphasises assessing the
bleeding history as 75% of the women with a bleeding disorder had additional bleeding symptoms
other than PPH . In our cohort the percentage of women with PPH and an elevated BAT score,

meaning at least 1 significant bleeding symptom other than PPH, was 63%. The use of a structured
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questionnaire such as the ISTH-BAT can also be of benefit in pregnant woman with Ol, especially
since administration of tranexamic acid to women with post-partum haemorrhage reduces deaths

due to bleeding by nearly one third, with no evidence of any adverse effects or complications .

Strengths and limitations

We carried out the largest nationwide study ever performed in adult patients with OI focused on
bleeding assessment. With this study a lot of valuable information was obtained which gave a
unique insight in the features of bleeding tendency in Ol. The results of this study provide a sub-
stantial contribution to our knowledge on the symptoms of bleeding disorders in patients with Ol. In
addition, increased awareness of bleeding complications among health care providers involved in

the care of patients with Ol may contribute to improved quality of life in these patients.

Albeit the Self-BAT is a validated questionnaire for different mild bleeding disorders '*1¢, it is not
specially developed for OI. Due to the explorative design of this cohort study and the absence of
a matched control group, no relative risk estimates could be calculated. Also the use of an self-re-
porting BAT has some limitations because symptoms reported by patients may be influenced by
the fact that several patients are already familiar with the potential relation between Ol and an
increased bleeding tendence. Furthermore, recall of symptoms and treatments can be difficult, es-
pecially when the presence of bleeding symptoms spans a lifetime and might be sporadic due to a
low amount of haemostatic challenges. This is also claimed by Moenen et al, who also emphasises
that although an elevated BAT score increases the patients likelihood of having an mild bleeding
disorder, a specific disorder cannot be diagnosed based on the BAT "%, The main value of the BAT
is well established in the assessment of a bleeding disorder and provides a structured, complete
diagnostic anamneses. Abnormalities can justify extensive laboratory testing because a distinctive
bleeding history is a prerequisite for the diagnosis of any bleeding disorder '2%°. We used the BAT
for an descriptive purpose to gain more insight in the bleeding tendency in Ol. For this reason we

also described the different domains of the Self-BAT, which has been done earlier °.

Conclusions

The abundant manifestations of bleeding and bruising described in this large cohort suggests that
a mild bleeding disorder should be considered in patients with Ol. Despite some limitations of a
self-report questionnaire, there are very likely more bleeding problems in Ol compared to the nor-
mal population. Since bleedings due to surgery, tooth extraction, menstruation and obstetrics are

more common and can have major clinical consequences, proactive therapy might be considered
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in patients with a high bleeding tendency detected on the BAT. Many Ol patients underwent multiple
invasive procedures because of fractures and dentinogenesis imperfecta, possibly with a undis-
covered history of bleeding. This means that patients are at risk of experiencing unnecessary and
potentially debilitating haemorrhagic symptoms if a bleeding tendency is not identified. The use of
a structured bleeding questionnaire as is used in this study seems to be far more useful than labo-
ratory measurements. We recommend clinicians who treat Ol patients to assess bleeding tendency
with the use of a Bleeding Assessment Tool. We also recommend to consider potential interventions
to reduce haemorrhagic symptoms with the use of desmopressin and/or tranexamic acid which
might be sufficient to reduce haemorrhagic symptoms and (in menorrhagia) improve quality of life.
These interventions had as described in literature no evidence of adverse effects, while patients
might be prevented from being exposed to potential risks associated with the administration of
blood products. Future studies will be required to further define the bleeding phenotype in Ol and to
investigate a possible correlation with genotype. Also Ol specific studies into results of preventive
medication on bleeding tendency and validation of reliability and feasibility of the Self-BAT in Ol are

important issues for future research.
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Abstract

Background Osteogenesis Imperfecta (Ol) is characterised by bone fragility. Its features include
easy bruising and haemorrhagic events without consistent clarification. Recently we described the
clinical aspects of bleeding in a large cohort of 195 Ol patients. The aim of this study is to find ex-
planatory coagulation disorders with laboratory analysis in adult Ol patients with a high bleeding

score compared to Ol patients with a low bleeding score.

Methods This study was conducted at the Expert Center for adults with Ol in Isala, the Neth-
erlands. The self-BAT (self-administered Bleeding Assessment Tool) was distributed among 328
Ol patients, 195 (60%) of whom completed the tool. Eleven Ol patients with high self-BAT bleed-
ing scores were selected and compared with a random selection of Ol patients with low bleeding
scores. Routine coagulation testing consisted of haematocrit and platelet count, activated partial
thromboplastin time (APTT), fibrinogen, Factor VIII activity and Von Willebrand factor (VWF) anti-
gen and activity. Additionally platelet function (PFA-200), Bleeding time (IVY method) and throm-
boelastometry (ROTEM) was performed.

Results Two of the 11 high-scoring Ol patients showed a prolonged bleeding time. Full blood
count and analysis revealed one high-scoring Ol patient with low levels of fibrinogen, while two oth-
er Ol patients (one with a high score and one with a low score) had abnormal Factor VIl and/or Von
Willebrand factor. Four of the 11 high-scoring Ol patients and two of nine low-scoring Ol patients
displayed platelet function deviation through the PFA-200, accounting for 30% of the entire cohort.

All ROTEM results were normal or inconclusive.

Conclusion No significant differences in coagulation parameters were found between Ol
patients with a high bleeding score and those with a low bleeding score. A clarifying underlying
mechanism for the reported bleeding problems among Ol patients could not be identified. Be-
cause of the relatively high percentage of deviating platelet function Ol patients, it might be useful

to monitor platelet function on a larger scale, possibly extended with platelet aggregation tests.
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Introduction

Although Osteogenesis Imperfecta (Ol) is commonly defined as ‘brittle bones’ disease, it has more
characteristics, like blue sclerae, hearing loss, dental problems, ligamentous laxity and short stat-
ure. Ol is to the result of a hereditary defect in collagen type | synthesis. Nowadays, there are
various classifications, with that of van Dijk et al. being most commonly used '. The prevalence of
Ol is estimated at about 6.5 per 100,000 live births 2.

Easy bruising and bleeding are prominent features of some heritable disorders of the connective
tissue and are most prominent in Ehlers-Danlos syndrome (EDS). Heritable disorders of the con-
nective tissue can be a result of fragility of capillaries and the perivascular connective tissue, but
also of clotting or platelet dysfunction 3. It can also be associated with a disorder of vascular hae-

mostasis or a defect in fibrinolysis *.

Although EDS is clearly associated with bleeding disorders %, the literature for Ol in relation to
bleeding disorders and their underlying mechanism is sparse and often outdated 5-°. The first study
of Ol with an association to bleeding disorders dates back to 1957 and was done by Siegel et al.
6. Even more than 60 years later, reference is still being made to these initial articles due to limited

new research.

In 2018, the Isala Expertise Centre for adults with Ol in Zwolle the Netherlands, conducted research
into bleeding diathesis among Ol patients for the first time since 1984, using a validated self-ad-
ministered bleeding questionnaire (self-BAT) and modern laboratory techniques in 22 Ol patients
10, After this pilot study, self-BAT questionnaires were distributed among a large cohort of 328 Ol
patients, resulting in 195 available bleeding scores ". In this paper we report on extensive laborato-
ry testing among 11 Ol patients from this cohort with the highest bleeding scores versus a random

sample of 9 Ol patients with low (normal) scores on the self-BAT.

The aim of this study was to identify or exclude coagulation disorders in Ol patients with the highest
bleeding tendencies based on the self-BAT questionnaire in comparison to Ol patients within the

normal bleeding score range.

This study provides data on laboratory results in relation to bleeding tendency in a small group
of adult Ol patients. However, considering the precise selection process of the data, it might be
extrapolated to the presence or absence of coagulation disorders in the whole Ol population. This
may lead to clinical guidelines regarding the increased bleeding tendency in Ol, which is highly

desirable.
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Materials and methods

Study design

An explorative study was undertaken in the Expert Center for adults with Ol, Isala Hospital, Zwolle,
the Netherlands. The Medical Ethics Committee of the Isala Hospital, Zwolle, the Netherlands, con-
firmed that the Medical Research Involving Human Subjects Act did not apply (reference number:
200612). All patients with a clinical diagnosis of Ol who were invited to take part in this study signed

informed consent for participation.

Evaluation of bleeding tendency

The self-BAT is a self-administered bleeding assessment tool validated in Canada and the Neth-
erlands 23 and is based on the International Society on Thrombosis and Haemostasis Bleeding
Assessment Tool (ISTH-BAT)'*'. The 14 self-BAT domains cover self-reported events of epistaxis,
cutaneous bleeding, minor wounds, haematuria, gastrointestinal bleeds, oral cavity bleeds, pro-
longed bleeding after trauma, surgeries or tooth extraction, menorrhagia, postpartum haemor-
rhage, muscle, joint and central nervous system bleeds, and other bleedings. Each domain scores
from O (absence of bleeding symptoms) to 4 (symptoms requiring extensive medical intervention).
The distinction between zero points and 1 point is of critical importance since a score of 1 means
that the symptom meets the minimal criteria defining a significant bleeding. This distinction between
the different scores is described by the ISTH Scientific and Standardization Committee ' and was
independently determined by two trained researchers (KG and GM). Conflicting scores were reas-
sessed and resolved by consensus. A total bleeding score (range 0-56) was calculated by the sum
of scores for all BAT domains. A total bleeding score in men = 4 and in women = 6 was defined by
Deforest et al. and Punt et al. as an increased bleeding tendency 23, In this study, a total bleeding

score of >6 was considered an increased bleeding tendency in women.

Study population and selection procedure

In total, 328 patients with a clinical diagnosis of Ol, according to the classification of van Dijk and
Sillence ' known in our centre, were invited to digitally fill in the self-BAT questionnaire between
October 2019 and August 2020 (Figure 1). In total, 195 of 328 (60%) questionnaires were filled in

and included in the study "".
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Invited for
questionnaire (n = 328)

Fully completed Partially completed Not filled in
questionnaire (n = 195) (n =30) questionnaire (n = 103)
1
I |
Low bleeding score High bleeding score
(n=114) (n=81)
Approached for this Approached for this
study (n =19) study (n =23)
1 1
I | I |
Included (n =9) Excluded (n = 10) Included (n = 11) Excluded (n = 12)
Chapter
Did not want to partici- Did not want to partici-
pate in extra laboratory| [~ | pate in extra laboratory
tests (n = 10) tests (n =4)

Known pre-existing
bleeding disorders
(n=2)

Use of anticoagulans
(n=5)

Other (n =1)

Figure 1 Selection procedure of study participants
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From the available questionnaires, 23/81 Ol patients with the highest self-BAT bleeding score were
selected and invited by telephone for laboratory testing. For these additional blood tests, a separate
consent was requested. For comparison purposes, a random sample was taken of 19/114 patients
with a score within the normal range of the self-BAT questionnaire. Exclusion criteria were: known
pre-existing bleeding diseases, renal or liver diseases, and use of medication that could interfere
with haemostasis. We also excluded relatives. Since our centre has a focus on adult Ol patients,
we included only adult patients = 18 years. Medication use (especially use of anticoagulants) was

reaffirmed, as well as liver- and renal dysfunction.

Evaluation of bleeding time

The IVY method was done as additional test to assess platelet function in combination with pos-
sible vessel wall abnormalities '®. The bleeding time test was purposely determined by the same
researcher specially trained in the procedure. A fully automatic instrument (Surgicutt adult; depth:
1.0 mm and length: 5.0 mm) was used to determine the bleeding time. Furthermore, a blood pres-
sure cuff (Speidel & Keller Stabil 3), filter paper to staunch the wound, and a timer were used. An
5mm incision was made on the volar side of the forearm lengthwise, approximately 6 cm below the
elbow crease. Time was ended when there was no further bleeding after blotting. After 10 minutes

of bleeding, the procedure was stopped due to a prolonged bleeding time 8.

Blood sampling and laboratory methods

Blood was collected through venepuncture of the cubital vein in Vacutainer blood collection tubes
(Becton Dickinson; Vianen, the Netherlands) containing 0.109M, 3.2% trisodium citrate or dipotassi-
um ethylene diamine tetraacetic acid (K2EDTA) as anticoagulant. All tests have been standardised
using defined reference ranges as criteria for pathological results. The laboratory is subject to

national and international external quality assessment in the field of haemostasis and thrombosis.

A full blood count was performed on an automated modular haematology system (Sysmex XN-
9000; Sysmex Europe, Etten-Leur, the Netherlands) for determining haematocrit and platelet count.
Activated partial thromboplastin time (APTT), fibrinogen, FVIII activity and von Willebrand factor
(VWF) antigen and activity were determined on a Sysmex CS-2500 automated analyser based on

turbidimetry.

Platelet function was tested on an automated platelet function analyser (PFA-200; Siemens Health-
care Nederland B.V. Den Haag, the Netherlands). It measures the ability of platelets to adhere and
aggregate under high shear stress to a membrane covered with a collagen and epinephrine or

collagen and ADP .
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Fibrinolysis was determined through semi-automated thromboelastometry (ROTEM® sigma; Wer-
fen Netherlands, Breda, the Netherlands). Clot formation and lysis were determined after adding
reagents activating the internal or external coagulation pathway. Maximum lysis (ML) was optically
measured as the percentage reduction of clot firmness within 60 minutes. Other ROTEM® param-
eters such as clotting time (CT), clot formation time (CFT), and maximum clot firmness (MCF) were

also analysed.

Statistical analysis

Variables were tested for normal distribution using the Shapiro Wilk test and Q-Q plots. Differences
in means comparing Ol patients with the highest bleeding scores versus normal bleeding scores
were determined for normally distributed data using the independent t test (Cl 95%). Non-normal
distributed data were tested using the Mann-Whitney test (Cl 95%). All the data obtained from the

bleeding time research and laboratory blood sampling were collected and analysed in SPSS 24.

Results

Clinical characteristics

Of the 23 patients with high self-BAT-scores who were invited to participate in the study, four pa-
tients did not want to participate in additional laboratory tests. Twelve patients were excluded:
two patients because of known pre-existing Von Willebrand disease, five patients due to use of
anticoagulants, and one patient because of a long travelling time (>5h). This resulted in 11 patients
who were included in the group with the highest bleeding score on the self-BAT questionnaire. This
subgroup consisted of nine females and two males, with a mean age of 44.5 years (SD 12.1). Ten

patients in this group had Ol type 1, one patient in this group had Ol type 4.

Of the 19 patients with low bleeding scores on the self-BAT, ten did not want to participate. The
subgroup of nine patients with a low bleeding score consisted of five males and four females with
a mean age of 37.4 years (SD 13.8). Seven patients had Ol type 1, one patient Ol type 3, and one
patient Ol type 4 (Table 1).

The selection process resulted in laboratory tests in 20 individuals with equal male/female ratios

and about the same average age compared to the total population of 195 Ol patients (43.7 years;

SD 15.6). All participants were of Caucasian origin.
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Table 1 Overview of participants with high versus low bleeding scores

Ol types Total
1 3 4
High score | Female 8 0 1 11
Male 2 0 0
Low score | Female 2 1 1 9
Male 5 0 0
Total 17 1 2
10,00- .. R? Linear = 0,007
]
]
8,00- *
E ] ]
Y
£
=1 6,00-_ "
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Bleeding scores self-BAT (BS)

Figure 2 Correlation between bleeding scores self-BAT and bleeding time
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Laboratory results
Bleeding time scores
The bleeding time scores of 2/20 patients were prolonged (>10 min.), in 3/20 cases the bleeding
time was between 8 and 10 minutes and can be interpreted as being questionable (17) (Table 2).
Correlation between self-BAT score and bleeding time was negligible (R? = 0.007) (Figure 2). No
statistically significant difference was found between the group with the highest bleeding scores on

the self-BAT versus the group with normal bleeding scores on the self-BAT.

Routine coagulation parameters
Hb, MCV, Ht, INR, Platelet count, aPTT, Fibrinogen, FVIII and VWF levels were analysed. Results

of Ht, INR, platelet counts, and aPTT measurements were normal and therefore will not be dis-
cussed further. Fibrinogen was abnormal in 1/20 patient; this patient had no other abnormalities in
the blood tests. High FVIII activity (>150%) was found in 3/20 patients.

FVIII, VWFag and VWFact results were greatly reduced in one case. However, after reassessment,
no abnormalities were found. Low normal results for FVIII, VWFag and VWFact were found in three

cases, for one of which a re-determination had to be done.

Hb levels were significantly lower for the group with the highest scores on the self-BAT (p = 0.017).
Additionally, Ht levels were significantly lower for the group with the highest scores on the self-BAT
(p = 0.014). But when Ht and Hb levels were corrected for gender, there was no statistical signifi-

cance between both groups.

No statistically significant difference was found for MCV, INR, platelet count, aPTT, fibrinogen,
FVIII, VWFag and VWFact levels between the group with the highest bleeding scores on the self-

BAT versus the group with normal bleeding scores of the self-BAT.

Platelet function

Deviating platelet function was detected in 6/20 cases (30%). Of the six deviating scores, one was
strongly deviated and this remained so even after re-determination. EPI levels were increased in
4/11 cases of the group with the highest self-BAT scores, no abnormalities were found in the group
with normal bleeding scores on the self-BAT. ADP levels were increased in 4/11 cases of the group
with the highest bleeding scores on the self-BAT and 2/9 cases of the group with the normal bleed-
ing scores. No statistically significant difference was found for EPI and ADP levels between the

group with high versus normal bleeding scores of the self-BAT.
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Table 2 (part1)

Patient characteristics and laboratory measurements

Patient BS Age Gender | Ol type | BT Ht Hb MCV INR Platelet
(years) count
1 0 low | 35 M 1 2.58 0.44 9.2 90.2 1.0 260
2 1 low | 66 M 1 4.31 0.44 9.1 93.4 1.0 304
3 2 low |27 M 1 2.05 0.46 9.5 85.8 1.2 224
4 low |23 M 1 747 0.45 10.1 83.0 1.0 207
5 3 low | 25 F 1 9.13 0.43 8.9 86.1 1.0 245
6 3 low | 49 M 1 5.33 0.43 9.1 90.7 1.0 344
7 5) low | 45 F 4 5.3 0.44 9.2 93.5 1.0 254
8 6 low | 36 F 1 5.26 0.39 8.2 94.7 11 218
9 6 low | 31 F 3 5.45 0.37 7.6 92.8 1.1 239
10 10 | high | 33 F 1 >10 0.4 8.6 91.8 1.0 279
1 10 | high | 33 M 1 4.41 0.44 9.7 85.5 1.0 320
12 11 high | 34 F 1 8.23 0.37 7.5 88.8 1.0 212
13 1 high | 47 F 4 4.45 0.41 8.1 92.6 1.0 252
14 11 high | 60 F 1 8.57 0.41 8.8 92.4 11 195
15 1 high | 31 F 1 >10 0.34 71 86.6 1.0 233
16 12 | high | 46 F 1 716 0.35 7.3 92.3 1.0 168
17 15 | high | 63 M 1 3.37 0.42 8.6 96.1 1.0 227
18 18 | high | 61 F 1 3.45 0.38 7.7 94.5 1.0 244
19 18 | high | 40 F 1 4.3 0.39 8.2 87.9 1.0 156
20 20 | high | 41 F 1 6.22 0.4 7.6 82.4 1.0 88l

Reference ranges: aPTT: 20-35 s; BT:<10min; INR: ; Fibrinogen: 2-4 g/I; FVIII: 60-150%; Hb: 7,5 — 10 mmol/L (F), 8.5 —
11.0 mmol/L (M); Ht: 0.36 — 0.47 I/l (F), 0.41 — 0.501/I (M); MCV: 82-100 fl; Platelet count: 150-400 x 109/I; PT: 0.9-1.1 s.
Abbreviations: aPTT, activated partial thromboplastin time; BS, bleeding score; BT, bleeding time; CT, clotting time; F,
female; FVII, factor VIII; Hb, hemoglobin; Ht, hematocrit; INR, international normalized ratio; M, male; MCF, maximum
clot firmness; Ol, Osteogenesis Imperfecta; PFA-200, Platelet Function Analyser- 200; PT, prothrombin time; ROTEM:

Thromboelastogram; VWF, von Willebrand factor.
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Table 2 (part2)

Patient characteristics and laboratory measurements

Patient | aPTT | Fibrinogen | FVIII | VWF PFA-200 Rotem

1 25 2.6 90 Normal Normal Normal

2 26 3.1 117 | Normal Normal Normal

3 24 2.3 191 Normal Normal Low normal fibrinogen

Strongly

4 28 2.5 25 reduced Normal CT intem prolonged
5 22 3.0 106 | Normal Normal Normal

6 24 3.0 188 | Normal Abnormal Normal

7 29 3.3 100 | Normal Abnormal CT intem prolonged
8 28 17 114 | Normal Normal Normal

9 27 2.8 145 | Normal Normal Normal

10 30 2.5 73 Normal Normal CT intem prolonged
1 25 2.7 154 | Normal Strongly abnormal | Normal

12 25 31 120 | Normal Normal Normal

13 26 3.6 112 | Normal Normal Normal

14 25 2.8 131 | Normal Normal Normal

15 24 2.5 114 Normal Abnormal Normal

16 28 4.2 178 | Normal Normal Normal

17 28 3.2 91 Low normal | Normal CT intem prolonged
18 26 3.9 113 | Normal Abnormal Normal

19 27 2.5 90 Low normal | Abnormal Normal

20 27 3.8 116 | Normal Normal Normal
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Clotting (formation) time, firmness and fibrinolysis
All Extem results for CT, CFT and MCF fell within the reference ranges. ExtemML results were

abnormal in 5/20 cases.

ExtemCFT results were significantly shortened for the group with the highest bleeding scores on
the self-BAT (p = 0.043). ExtemMCF results were significantly higher for the group with the highest
bleeding scores on the self-BAT (p = 0.041).

Results for IntemCT were prolonged in 4/20 cases. IntemCFT results were shortened in 9/20 cases.
IntemMCEF results all fell within the reference ranges. IntemML results were abnormal in 3/20 cases.
IntemCFT results were significantly shortened for the group with the highest bleeding scores on
the self-BAT (p = 0.027). In 1/20 cases, AptemCT result was prolonged. AptemCFT results were
shortened in 3/20 cases. AptemMCEF results all fell within reference ranges. AptemML results were

abnormal in 3/20 cases.
AptemCFT results were significantly shortened for the group with the highest bleeding scores on
the self-BAT (p = 0.023). AptemMCF results were significantly higher for the group with the highest

bleeding scores (p = 0.046). Signs for hyperfibrinolysis were negligible.

Discussion

Patients with Ol are believed to have an increased risk of bleeding symptoms. However, an un-
derlying clarification has not yet been found. In this study we compared 11 adult Ol patients with a
high bleeding score to 9 Ol patients with a normal/low bleeding score. A total of 23 laboratory test
variables were analysed. No significant differences between the two groups were found. A range of
mild abnormalities in the total group of 20 Ol patients were found, most noticeable being abnormal

platelet function in 30% of the cases, regardless of the bleeding score.

The first literature on affected platelet function in Ol is dated 1957 by Siegel et al. ©. Furthermore,
Estes et al. described large platelets & and Hathaway et al. observed abnormalities in platelet func-
tion 7. In patients with Ol, the impaired biosynthesis of collagen could potentially disrupt platelet
function. Artoni et al. speculated that an altered structure of the vessel wall due to abnormal col-
lagen biosynthesis may lead to activation and exhaustion of the platelets 5. A comparable mech-

anism is decribed by Boneu et al. in 1987, describing the role of red blood cells in platelet-vessel
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wall interaction and their control of bleeding time . Testing of platelet function comprises a crucial
element of haemostasis assessment, particularly for investigations into bleeding and/or bruising.
Nowadays, the Platelet Function Assay is the most utilised primary haemostasis-screening test sys-
tem available 2. It might be useful to monitor PFA-200 results in a larger sample, possibly extended

with platelet aggregation tests.

Similarly to the study of Leguillier et al.', we ruled out that bleeding symptoms in patients with
Ol are associated with VWD based on FVIII and VWF levels, and we confirmed normal levels for
VWFag and VWFact in our study population. Although Leguillier et al. ?' recently found a statistical
significance for VWFag and VWFact levels between children with a high versus low bleeding score,
we could not identify this in our study. Their examination was based on VWF as marker of endothe-

lial dysfunction in vascular disease ?'.

Despite the thorough patient selection, this study contains several limitations regarding sample
size and selection. The study sample was rather small, although the group size of 20 was expected
to be sufficient in this explorative study of a rare disease. A more equal male/female distribution
between the two opposite groups (low vs. high) would be preferred in future studies. Limiting the
self-BAT score of the “low” control group to a maximum of two or three points should be considered.
In the current study, two female participants were enrolled in the group with “low” bleeding scores
while they scored six on the self-BAT. However, we believe this study still contributes to the sparse
knowledge on bleeding tendency in Ol patients through the results of extensive performed labora-

tory tests in 20 Ol patients.

Conclusion

Comparing two opposite Ol groups regarding their bleeding scores, both extracted from a large Ol
population, extensive laboratory testing did not show significant differences between the groups
and did not result in finding an underlying mechanism for the reported bleeding problems in Ol pa-
tients. Interestingly, PFA-200 results were abnormal in 30% of the Ol patients. Monitoring PFA-200
results in a larger patient group should be considered in further studies. The results of this study
are not conclusive enough to draw up guidelines for clinical practice regarding bleeding tendency

in Ol patients.
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Chapter 7

Discussion with future perspectives
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This chapter presents the conclusions of this thesis and discusses the key
findings in a broader perspective. This thesis focuses on quality of life in Os-
teogenesis Imperfecta (Ol) and bleeding tendency. Both topics are relatively
understudied extra-skeletal features of Ol. Implications for clinical care and

directions for future research are outlined.

The two topics are addressed and discussed in two parts, based on the findings

of this thesis and the current literature, in line with the research questions.

Part 1. Quality of life in Osteogenesis Imperfecta

What is the quality of life in people with OI?

People with Ol rate their perceived general health significantly lower than the control population "2,
as we showed in Chapter 2. This is in line with other studies investigating general health in Ol 3.
However, perceived general health is not the same as quality of life. Quality of life is a multidimen-
sional concept that captures broad topics such as functional status, well-being and general health
assessments 8%, There are no agreed definitions of what dimensions should be measured when
assessing quality of life, but it is well established that quality of life should be assessed by the pa-
tients themselves and that it is a multidimensional construct ''. These various dimensions of quality
of life, combined with the diversity of the different Ol types, present a challenge in finding the right
answer to the question “What is quality of life in OI?”. Despite these challenges, we were able to

evaluate several aspects of quality of life in comparison to reference populations.

Functional status

Regardless of the type of Ol, adults with Ol scored significantly worse than controls on all physical
domains of quality of life (Chapter 2). There was a significant difference in physical functioning be-
tween the types of Ol, with physical limitations and problems being more pronounced in the severe
type of Ol (type 3). The significantly worse physical domains in Ol compared to reference popula-
tions are confirmed by other studies on quality of life in adult Ol patients *57'2'3_ Functional quality
of life includes not only physical functioning, but also role-limitations due to emotional problems and
social functioning. Measurements of physical function relate to limitations in daily activities such as
climbing stairs, washing and dressing, or lifting groceries, while measuring role-limitations relates
to limitations in work and other daily functions, and measures of social function relate to the impact

on social activities.
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In Chapter 2, the quality of life in Ol at specific adult ages was described — for the first time in litera-
ture as far as we know. These measurements at different ages provide an opportunity to see trend
lines and offer timed interventions. Instead of an increase in physical limitations at older ages, as
was seen in the control group, physical limitations in Ol type 3 progressively decreased to a level
where there is no longer a significant difference with the healthy control group. The same trend is
seen for social functioning and role-limitations due to both physical and emotional health problems.
This phenomenon has also been described in previous semi-structured qualitative interviews with
patients having Ol and their parents on the transition from adolescence to adulthood in North Amer-
ica ' and the UK 5.

This may support the theory that people with severe Ol types are increasingly able to cope with
their limitations in adult life, which may be beneficial for their social life, and ultimately beneficial for
their mental health 3. This highlights the need for taking physiotherapeutic and occupational therapy

interventions to improve functional status, particularly at an early age.

Well-being

Well-being is a dimension of quality of life that includes pain, vitality and mental health . A com-
monly reported symptom in Ol is pain (Chapter 2). All patients with Ol, regardless of the type of Ol,
experienced significantly more pain than the control group. On a scale of 1 to 100 points, patients
with Ol scored on average 17 points lower than the control group (Chapter 2). Pain can be either
acute or chronic and can be caused by fractures or scoliosis ', Pain is a prominent issue in Ol,
having a major impact on quality of life '*-?2, Also in other connective tissue diseases pain is known
to be associated with psychological problems %24, Some authors state that pain and fatigue are the
best predictors of quality of life in chronically ill patients 2°%5, Chapter 2 outlines that pain is signifi-
cantly worse in people with Ol compared to control populations, and that people with different types
of Ol do not differ significantly in their level of pain. This means that the type of Ol does not deter-
mine whether a person has more pain, but that it varies from patient to patient. This is confirmed
in other studies of adult Ol patients 3%13, suggesting that it is helpful to assess a person’s pain at

regular points in time, regardless of Ol type.

Among the mental dimensions of quality of life (Chapter 2), it is striking that people with Ol type 1
score significantly lower than the control population 2. However, this difference is small: on a scale
of 1 to 100 points, patients with Ol type 1 score 3.2 points lower than the control population, and
type 1 patients aged 35-54 years score 6.4 points lower than the control population. For the other

types of Ol and other specific age groups, there was no difference in mental health between peo-
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ple with Ol and the control population. This suggests that disease severity and additional physical
limitations do not automatically result in lower perceived mental health. Nor does a milder form of
the disease lead to better mental health, as type 1 Ol is considered to be relatively mild. This points
to a well-known phenomenon known as the “disability paradox”, where quality of life is not entirely
determined by physical limitations, but is much broader and includes, for example, one’s world view,

social context, and social relationships 2627,

There may be an increased risk of mental health problems in diseases with long-term physical lim-
itations. In Ehlers-Danlos syndrome, a similar collagen disease with long-term physical limitations,
increased anxiety and depression were found . Several other long-term conditions with physical

limitations have shown increased anxiety and depression 230,

People with Ol face various challenges that may require psychological counselling and support,
such as reproductive decision-making. The recurrence risk of Ol in offspring is 50% for patients with
autosomal dominant Ol variants *'. In rare cases of Ol, with an autosomal recessive inheritance, the
recurrence risk is low (but may be higher in consanguineous families). Before becoming pregnant,
individuals may wish to receive genetic counselling about the risk of having a child with Ol and
the reproductive options available, including not having children, pre-implantation genetic testing,
prenatal diagnosis (chorionic villus sampling or amniocentesis), sperm/egg donation, adoption or
accepting the genetic risk 32. Several studies have shown a positive correlation between the ability
to have offspring and satisfaction with quality of life in both men and women and across different
cultures 3. Having a genetic disorder or being a carrier (couple) has a strong impact on the repro-
ductive decisions, and if parents feel that they cannot provide adequate care and dedication to a
child with Ol, this may affect their desire to have children 3. Decisions about reproductive options,
such as pre-implantation genetic testing or prenatal DNA-diagnostics, are psychologically demand-
ing and feelings of anxiety are commonly expressed %, Besides counselling on reproductive
decisions, patients with Ol may also want to be informed about the genetic risks for other family

members.

What is the impact of fatigue on daily functioning in people with Ol compared
to control populations?

Fatigue is an important factor reducing functional quality of life in individuals with Ol (Chapter 3). In
addition, frequent fractures, reduced muscle strength 3, reduced pulmonary function 4% and cardi-
ological comorbidities 4’3 can also impair functional quality of life. A wide range of interventions are

available to improve functional quality of life and reduce the impact of impairing factors, even in the
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milder forms of Ol (types 1 and 4). The best methods to improve the physical domains of quality of
life in Ol have not yet been specified in detail. In general terms, physical domains of quality of life
can be improved by physical training 4445, surgery “¢, rehabilitation, and occupational therapy 444648,

The most appropriate intervention needs to be considered at the individual patient level.

Fatigue is often a major source of disability and is often reported as one of the most severe symp-
toms by patients with significant disease *°-**. However, fatigue in Ol has not been studied thor-
oughly. The studies that have been conducted also suggest that the quality of life of people with Ol
is negatively affected by functional limitations due to tiredness and fatigue %-7.

In Chapter 3 we looked at the level of fatigue in people with Ol, comparing the level of fatigue in
people with Ol with a healthy American and a healthy Dutch control population %%, A significant
difference was found between the Ol group and the control population. The differences in scores
between the Ol cohort and the control population also exceeded the Minimal Clinically Important
Difference (MCID) values that have been determined for chronic patient groups with systemic
lupus erythematosus and rheumatoid arthritis ', The MCID refers to the smallest difference in a

score that is considered important for the patient 2.

Part 2. Bleeding and bruising in Osteogenesis Imperfecta

Bleeding and bruising is a common complaint of Ol patients, but it is not clearly addressed in the
literature. Chapters 4, 5 and 6 of this thesis have attempted to objectify and clarify increased bleed-

ing tendency and bruising in Ol.

What is the prevalence of bleeding tendency in Ol compared to a control popu-
lation?

Chapter 5 states that 42% of patients with Ol have a history of bleeding, which is more com-
mon than in the reference population . This is in line with earlier estimates that persons with Ol
have more problems with bleeding 8. In addition, potentially life-threatening bleeding occurred
in 23% of the total cohort of Ol patients (Chapter 5). Bleeding tendency is an umbrella term for
experiencing bleeding symptoms more than normal. Severe bleeding requiring a major medical
intervention, i.e. surgery to stop a bleeding, and/or a blood transfusion is called bleeding that is po-
tentially life-threatening. Normal bleeding tendency has been established previously in studies 8366,
A number of case report studies and a very limited number of cohort studies have reported varying

degrees of bleeding in Ol patients, ranging from minor bruising to life-threatening bleeding %6773,
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Prevalence of bleeding in a large cohort such as the one in Chapter 5 has never been studied.
However, recent studies have looked at bleeding around pregnancy 7, confirming the increased risk
of bleeding around pregnancy for patients with Ol. An increase in the incidence of major bleeding

during surgery in children has also recently been described .

What are the clinical manifestations of bleeding tendency in OI?

Chapter 5 shows that bleeding in Ol typically occurs as spontaneous or easy bruising, prolonged
bleeding after trauma or surgery, and excessive bleeding during menstruation. Post-extraction
bleeding and gastrointestinal bleeding have also been reported. Spontaneous and easy bruising is
a symptom of Ol that is often mentioned by patients in the consulting room. This is often associated
with concerns about bleeding during or after surgery. There are case reports in the literature of
bleeding events with serious complications due to aneurysms 77678, These complications were not

found in our study.

Chapter 5 evaluates all the different bleeding events and shows that abnormal bleeding events
occur much more frequently than would be expected in a control population. The self-reported
questionnaire used was analysed to identify clinically relevant bleeding symptoms. The underlying
mechanism was not readily apparent from the symptoms. By focusing on clinically relevant bleed-

ing symptoms, it was possible to estimate the severity of the bleeding tendency (Chapter 5).

Which bleeding events are most clinically relevant in OI?

The relevance of bleeding events in Ol can be determined by considering the types of events
that lead to bleeding. People with Ol experience many events that can cause bleeding, including
fractures, corrective surgeries for bone deformities, and tooth extractions due to dentinogenesis
imperfecta. While this may lead to a higher number of reported bleeding events compared to the
healthy population, it also raises the question of why bleeding occurs so frequently in Ol. Assessing
the severity of these bleeding events is key in determining whether precautions should be taken

during procedures like surgery or tooth extraction.

In addition to these commonly reported bleeding events, there are also cases of intracranial bleed-
ing after head injury that result in severe complications 7. While these events were not reported
in our study, they are highly relevant and require prompt medical attention. Based on our study
outcome (Chapter 5), we recommend that individuals with Ol who experience even minimal head
trauma should receive a CT scan to exclude fractures and post-traumatic brain injury. Treatment for

heavy menstrual bleeding might also be considered proactively with medication like desmopressin
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and/or tranexamic acid to reduce bleeding and improve quality of life. Ultimately, by understanding
the types of events that lead to bleeding in Ol, medical professionals can take appropriate mea-

sures to prevent and treat these bleeding events.

Is diagnostic testing for bleeding disorders indicated?
The tendency to bleed is complex and can be caused by several factors. Previous studies on the
tendency to bleed were not conclusive 8, but were also carried out during a period in which the

laboratory equipment was less advanced.

Several mechanisms have been proposed to explain the bleeding tendency in Ol. Our theory is
that the defective collagen in Ol leads to an abnormal structure and function of the vessel wall,
resulting in increased fragility and susceptibility to bleeding (Chapter 5). Another hypothesis is that
the altered extracellular matrix in Ol affects platelet function and activation, leading to impaired

haemostasis. However, these theories could not be confirmed by the studies in Chapters 4 and 6.

Diagnostic tests were performed in Chapters 4 and 6. The screening of a random cohort was first
performed to objectify the bleeding tendency in Chapter 4, and later on, based on the bleeding
questionnaire in the most frequent bleeders, the possible causes were investigated in the laborato-
ry (Chapter 6). The latter was done to maximize the probability of detection. This is also reflected by
the fact that we were able to pick out the people with von Willebrand disease who were expected
to be found, based on the background incidence in Dutch society ®'. However, in addition to these
findings (not related to Ol), no specific causes were found in the laboratory that could clearly explain
the bleeding tendency in Ol. There is also no clear evidence in the literature that a specific labora-
tory test should be used for measuring the bleeding tendency in Ol patients. Therefore, we believe

that diagnostic testing is for now not possible.

What can be learned from therapeutic considerations in other mild bleeding
disorders?

As explained in Chapter 5, there are several bleeding events that actually carry a significant risk.
In surgery, pregnancy and tooth extraction, bleeding has progressed from being inconvenient to
potentially life-threatening. There are many therapeutic considerations in general in the literature
for controlling the bleeding in these events. However, they are not written specifically for Ol, nor are
they based on the underlying problems causing the increased bleeding tendency. This makes them
potentially inappropriate and perhaps unnecessary. However, interventions that have little to no
side effects can well be used in high-risk events for people with Ol, such as the use of desmopres-

sin or desmopressin and/or tranexamic acid for heavy menstrual bleeding (Chapter 5).
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Recommendations for clinical practice

Based on the studies presented in this thesis the following recommendations were formulated:

Facilitate follow-up on quality of life using Patient-Reported Outcome Measure-
ments (PROMS)

Chronic conditions such as Osteogenesis Imperfecta (Ol) have a long-term impact on the lives of
patients. In caring for people with chronic disease, quality of life is an important component as it re-
veals the personal experience and impact of having an incurable disability 2. Patient-Reported Out-
come Measurements (PROMS) questionnaires can be used for monitoring health, functional status
and quality of life throughout the disease process. The measurements allow healthcare providers
to choose the best treatment in collaboration with the patient and to monitor disease progression.
PROMSs can facilitate communication between patients and caregivers as well as help patients to

better understand and manage their health.

For instance, at the Ol Expert Centre in Isala hospital in Zwolle, the Netherlands, the results of the
individual PROMS can be viewed and implemented directly in the consulting room. The results of
Chapter 2 can be used to compare an individual Ol patient with the entire cohort of people with Ol
and with a healthy control population. Through shared decision-making, so together with the pa-
tient, aspects of quality of life that need more attention can be identified and assessed (integrated

care interventions).

Assess quality of life at different ages

Chapter 2 distinguishes quality of life at different ages. Adolescents who have just left their par-
ents’ home do not face the same problems as older adults with Ol. For stressful events related to
reproductive decisions, psychological counselling may be helpful 323583 |t is important to see each
patient in their unique stage of life and explore what is needed to improve quality of life 8%, It is

also important that new treatments have a positive impact on quality of life.

Stimulate multidisciplinary treatment and (inter)national cooperation

Measuring quality of life frequently has several advantages. The knowledge gained on quality of life
and how it can be improved can be used to develop guidelines and to write patient leaflets about
treatment options, care and management of Ol. Not only does quality of life depend on many fac-
tors, but the patients also differ from each other and have many different symptoms. It is therefore

important to continue to measure quality of life at an individual level and to tailor treatment accord-
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ingly with the appropriate medical specialist. This can be anticipated in a multidisciplinary approach,

preferably in an Ol Expert Centre.

Many patients with Ol are seen in the Ol Expert Centre where quality of life records are registered,
therefore much knowledge has been gained about what problems may occur and what treatment is
preferred. For instance, due to the high risk of intracranial bleeding after mild head injury resulting
in severe complications, we recommend that individuals with Ol who experience even minimal head
trauma should receive a CT scan to exclude fractures and post-traumatic brain injury. By working
together in a multidisciplinary team, these findings can be shared and discussed quickly. By collab-
orating with other centres of expertise in the Netherlands and around the whole world, as well as
through European Reference Networks (ERNSs), this knowledge can be used for scientific research

and the development of guidelines.

Cooperation with patient organisations is of great importance. At both the national and international
levels, there are several organisations that represent the voice of people with Ol worldwide. They
maintain networks, support research by providing ideas and funding and preferably collaborate as

integral partners in projects.

Investigate bleeding tendency and consider treatment on an individual level

A work-up has been developed for bleeding diathesis in other connective tissue diseases and also
to look for specific causes of mild bleeding diathesis 8%, We advise clinicians who have to treat
Ol patients at risk of bleeding to investigate the bleeding history using an ISTH-BAT questionnaire
and, if abnormal, to consider a coagulation screening laboratory test to exclude inherited coagula-
tion disorders such as von Willebrand disease. And even if these tests do not reveal coagulation
disorders, clinicians should be aware of the increased risk of bleeding in OI, which may be due to

vascular fragility.

Recommendations for further research

The themes in this theses offer several options for further research. Suggestions for further re-

search are:
Develop disease-specific Patient-Reported Outcome Measures (PROMS)

Quality of life studies provide a better understanding of the functioning and health of adults with

Ol. This better understanding can be used to design interventions and treatment protocols that
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most closely align with the domains that most affect patients with Ol. Developing disease-specific
Patient-Reported Outcome Measures (PROMS) to assess and follow quality of life is of importance
to test the effectiveness of interventions and treatment protocols. There is a wide variation in mea-
surement methods that examine quality of life, which sometimes limits inter-comparison with stud-
ies in the literature. Recently, an international interdisciplinary working group reached consensus
on a set of PROM tools for people with Ol &, This set will enable Ol healthcare teams and systems
to compare and to improve their care pathways and quality of care worldwide. Further studies are
needed to implement interventions that can be evaluated by this standardized outcome set. Al-

ready, European networks and registries are being established to create larger databases.

Conduct in-depth analysis into specific sub-areas of quality of life in Ol

Chapters 2 and 3 objectify different aspects of quality of life. However, the reasons why certain as-
pects of quality of life are less affected, or not affected (mental health) have not been investigated.
There are several theories available that could explain possible outcomes. For example, joint laxity
leading to fatigue %°, and deformities affecting physical functioning °'. It is important to explore which
symptoms are responsible for the low perceived general health, and in what situations people with

Ol become fatigued in and why.

Observational research can be used to look for causal explanations. In addition, qualitative re-
search can be done to further explore causal relationships and assess patients’ experience and
needs. People with Ol form an extremely heterogeneous group. This due not only to the different
types of Ol, which may vary in clinical presentation and associated symptoms, but also because of
the different age groups and social circumstances, which may explain differences in quality of life.
The use of Chapters 2 and 3 as baseline measurements of different aspects of quality of life may
inspire follow-up studies in specific patient groups. Future research into the determinants of quality

of life and fatigue is important in order to find interventions that will improve quality of life.

Develop treatment protocols for improving quality of life in Ol

One of the findings in Chapter 2 is that patients with Ol experience more pain than the control
population. The fact that pain is a concrete and relevant issue that affects all different subgroups
can be used to encourage researchers and clinicians to pay better attention to it during follow-up,
in research, and in the consulting room. The results also provide evidence and justification for
research into treatment of pain. Hypothetically, it could be that some of the pain symptoms are
caused by inadequate analgesia. Given the sometimes different body surface in some types of Ol,

what doses of analgesia should be used in Ol is a topic that needs further research. The impor-
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tance of this topic for further research is clear — especially as chronic pain is an additional burden

for people who already have significant impairments (Chapter 3).

Research environmental and social factors that may influence quality of life

In the Netherlands, the resources available for people with physical disabilities are widely avail-
able, perhaps more so than elsewhere in the world °2. Another key factor is how parents raise their
children who have Ol. Parents who have been very overprotective indirectly cause their children
to be less able to cope with adversity and to have less muscle development, which can lead to

more negative symptoms of Ol 5%,

In addition to the physical limitations, there is also a psychological component in which people with
Ol are constantly aware of their vulnerability. For people with type 1 Ol, this vulnerability is often
not evident on the outside, which can actually be a burden. Fatigue from frequent hospital visits,
feelings of isolation, loneliness and withdrawal can be an emotional burden. These feelings, in turn,
can lead to anger and frustration. Stigma and discrimination may also play a role in perceived psy-
chological quality of life . A better understanding of environmental and social factors is needed to

improve the quality of life in these areas.

Use of gene therapies to improve quality of life

Promising strategies for the future treatment of Ol and other genetic bone diseases are being
developed, such as stem cell transplantation, genetic engineering and the use of molecular chaper-
ones. Unfortunately, because most of these approaches are still in the experimental phase, further

research is needed to confirm their therapeutic benefits in Ol %4,

Continuing the quest to unravel the bleeding tendency in Ol

The findings of this study highlight the necessity for further investigation into the increased bleeding
tendency in Ol patients. To advance the understanding of the molecular basis of bleeding sus-
ceptibility in this population, future research should focus on analysing correlations with specific
genetic mutations and the possible influence of genetic mutations on coagulation pathways, platelet
function, and fibrinolysis. Moreover, systematic studies comparing bleeding tendency in different
types of Ol, tracking the incidence and risk factors of bleeding episodes across various age groups
and clinical contexts, are recommended. It is also important to explore the possible association of
bleeding complications with other comorbidities commonly found in Ol patients, including dental

abnormalities and cardiovascular disorders.
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Investigation of efficacy and safety of therapeutic interventions on bleeding
tendency

It is crucial to evaluate the efficacy and safety of various prophylactic and therapeutic interventions
for bleeding in Ol, including antifibrinolytic agents, desmopressin, recombinant factor replacement

therapy, and platelet transfusions.

Collaboration with national and international patient networks

Finally, collaboration with patients, caregivers and patient organisations is important to better un-
derstand the impact of bleeding on their quality of life and emotional well-being and to identify pri-
ority areas for research and clinical interventions. Overall, it is essential to conduct further research
to improve the diagnosis, treatment, and management of the increased bleeding tendency in Ol

patients.

Strengths

The studies presented in this thesis make a strong argument for further research into the quality of
life and bleeding tendency in Ol. These studies offer a foundation for future work, and are likely to

encourage researchers to delve more deeply into these areas.

Improving quality of life and reducing complications after medical interventions are of great interest
to policy makers, health- and social care providers, and above all for patients themselves. The
studies on quality of life and bleeding presented in this thesis are some of the most comprehensive

available, and are based on the largest cohorts of people with Ol with a clinical diagnosis.

In recent years, the importance of measuring quality of life in all chronic diseases has become in-
creasingly clear. The studies presented here provide a clear baseline for quality of life in Ol, as well
as highlighting areas in need of improvement. Furthermore, since bleeding tendency is an issue

that has received relatively little attention in Ol, it is a particularly important area of study.
As more attention is paid to these issues, studies such as these give valuable contributions to the

concept of integrated care interventions for Ol worldwide. Therefore, these articles provide a solid

basis for further research contributing to the overall health of people with OlI.
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Limitations

The people included in the studies were from a cohort of people with Ol who were seen by a single
multidisciplinary team in one Ol Expert Centre, and therefore not representative for patients who
are not seen by such teams in the Netherlands or internationally. There is evidence in the literature
that multidisciplinary interventions can significantly improve quality of life. Therefore, it is possible
that the quality of life reported in our studies is underestimated and there was a partially biased
sample. Furthermore, the validated and widely used questionnaires used to measure bleeding
tendency and quality of life are not disease-specific. This has to be taken into account when inter-

preting the results.

Conclusions

While the quality of life in individuals with Ol may be lower than in healthy reference populations
especially on specific dimensions such as physical functioning, not all domains of quality of life are
affected by the condition. Consequently, it is important that a multidisciplinary, individualistic, and
holistic approach is used in the care for individuals with Ol, and interventions need to be considered
at the individual patient level. As quality of life can vary with age, it is important to assess quality of
life regularly throughout the lifespan. Further research is necessary to fully understand the various
dimensions of quality of life in individuals with Ol. Furthermore, an increased bleeding tendency is
a common complication in adults with Ol and can be a significant clinical challenge. The underlying
pathophysiology of this increased bleeding tendency in Ol is not well understood and further re-
search is needed. The management of bleeding episodes in people with Ol requires an individual-

ized approach, and the use of antifibrinolytics and coagulation factors may be helpful in this context.
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Summary

Osteogenesis imperfecta (Ol) is a rare congenital connective tissue disease, also known as “brittle
bone disease”, because it leads to fragile bones and a high incidence of fractures. Ol is a clinically
and genetically heterogeneous disorder and consists of 5 types (Ol types 1-5). In most cases, brittle
bones are caused by decreased and/or abnormal production of collagen type 1 production due to a
dominant pathogenic variant in either the COL1A1 or COL1A2 gene. The phenotype is influenced

by the gene involved, the specific position of the variant and the variant type.

Collagen type 1 is mainly found in bones, but also in several other structures of the human body
such as teeth, ligaments and tendons, and to a lesser extent in sclera, blood vessels and internal
organs. The deficiency of the collagen type 1 protein, or the synthesis of an abnormal collagen type
1, not only affects bone fragility, but can also cause other symptoms that can manifest throughout
the body. These symptoms can have a negative impact on quality of life. Although other symptoms
of Ol, such as easy bruising and fatigue, are often mentioned, some of them have hardly been
studied.

The aim of this thesis was to better understand the quality of life and bleeding tendency in individ-
uals with Ol. To improve patient care and counselling and increase therapeutic capabilities, it is

important to look at Ol more broadly than just a disease with bone fragility.

The following research questions were addressed:

1. What is the quality of life in people with Ol compared with control populations?

2. What is the impact of fatigue on daily functioning in people with Ol compared to control
populations?
What is the prevalence of bleeding tendency in Ol compared with a control population?
What are the clinical manifestations of bleeding tendency in OI? Is diagnostic testing for
bleeding disorders indicated?

5. Which bleeding events are most clinically relevant in OI? What can be learned from

therapeutic considerations in other mild bleeding disorders?
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Chapter 1 is a general introduction to this thesis and provides background information on the

etiology of Ol, treatment, aspects of quality of life and bleeding tendency in patients with OlI.

Part 1 (Chapters 2 and 3) examined quality of life in adults with Ol using patient-reported ques-
tionnaires that explore different dimensions of quality of life. These dimensions describe aspects of

Ol commonly mentioned by patients with Ol in the doctor’s consultation room.

Chapter 2 examined the quality of life in adults with Ol based on eight different dimensions using
the validated Short Form-36 questionnaire. It assessed four physical domains and four mental do-
mains of quality of life. The physical domains include physical functioning, role limitations in daily
activities due to physical health problems, bodily pain, and general health perceptions. The four
mental domains include vitality, social functioning, role limitations in daily activities due to emotional
problems, and general mental health. A total of 322 Ol patients were included in the study and com-
pared to the normative data of 2,778 average Dutch individuals. An important finding was that the
physical domain of quality of life among individuals with Ol was significantly lower compared to the
control population, while the differences in the mental domains were less pronounced. All patients
were categorized into age groups, revealing age-specific challenges. Certain domains of quality
of life showed trends among different age groups, suggesting areas for further investigation. Pain
emerged as a significant factor among Ol patients, but it has as yet received limited research at-
tention. Chapter 2 provides a baseline measurement of quality of life that can serve as a control for

future interventions, a source for improving quality of care, and an inspiration for further research.

Chapter 3 examined the prevalence and impact of fatigue on daily function in an Ol cohort,
involving 99 adults with Ol. The results were compared to data from control populations from the
United States and the Netherlands. The study showed that fatigue occurs significantly more fre-
quently in people with Ol compared to the control population, consistent with clinical observations.
This study confirmed the suspicion of fatigue being an important complaint and encourages further

investigation.
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Part 2 (Chapters 4, 5 and 6) focused on different aspects of bleeding in persons with Ol, such as
the prevalence of anamnestic increased bleeding tendency and possible underlying coagulation

disorders.

In Chapter 4, a pilot study was conducted on 22 adults with Ol to explore bleeding tendencies, for
the first time since 40 years. Both an extensive questionnaire (Self-BAT version of the ISTH-BAT)
and laboratory blood tests were used to identify bleeding tendencies and to see whether there was
an indication of underlying coagulation disorders. Four patients exhibited increased bleeding ten-
dencies, but no underlying coagulation problems were found. Abnormal fibrinolysis was observed in
two patients without a history of bleeding tendencies. This pilot study did not provide definitive ev-

idence of increased bleeding tendencies or coagulation disorders in this group of patients with OI.

Chapter 5 examined anamnestic increased bleeding tendency in a large cohort using the self-ad-
ministered ISTH-BAT (Self-BAT) questionnaire. In total, 195 questionnaires completed by persons
with Ol were included for analyses in this chapter to determine which bleeding symptoms were
most common and which were most clinically relevant. The main finding was that 81 of 195 patients
(42%) showed increased bleeding tendency, which was significantly higher than in an average
population. Therefore, the main conclusion was that bleeding tendency is actually an important

problem in people with Ol.

Since patients with Ol frequently undergo surgery and often require tooth extractions, it is essential
to be alert for bleeding during these procedures. It has been noted that such procedures often re-
quire major interventions to stop bleeding. Moreover, it appears that heavy menstrual bleeding and
postpartum bleeding are common. For such types of bleeding, therapies to reduce the severity of
bleeding are often available. Therefore, the advice arising from this chapter was to properly identify
the increased bleeding tendency in individual Ol patients with a structured history (ISTH-BAT) and

to apply interventions to reduce bleeding at individual bases.

In Chapter 6, a selection of patients was made with the highest bleeding tendencies based on
the Self-BAT, as described in Chapter 5. Laboratory investigations similar to Chapter 4 were then
performed in these patients. These investigations included the measurement of bleeding time,
which might be the most sensitive test for the effects of collagen deficiency in the vascular wall. Of
11 selected Ol patients with the highest bleeding tendency, two patients indeed had a prolonged
bleeding time. In addition, abnormalities were found in fibrinogen ( n =1), factor VIII (n = 2) and von

Willebrand factor (n = 1). Abnormalities in platelet function were also observed (n = 6). However, all
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these abnormalities were found only in nine out of 20 patients, and no clear distinction was visible
between patients with a high anamnestic bleeding tendency and those with a normal anamnestic

bleeding tendency.

In conclusion, no particular coagulation disorder associated with Ol was found to explain bleeding
tendency, but different components of coagulation may be abnormal. It is therefore advised that
bleeding tendency should be explicitly asked about before surgeries, that coagulation should be
monitored in the laboratory in the case of increased bleeding tendency, and that regardless of the

outcome, a possible increased bleeding risks should be closely monitored.

Chapter 7 summarizes and discusses the results, providing recommendations for future research
and clinical practice. It is important that a multidisciplinary, individualistic, and holistic approach is
followed in the care for individuals with Ol, and interventions need to be chosen in collaboration with
the patient and focused on improving the quality of life. As quality of life can vary at different ages,
it is important to assess quality of life regularly. Further research is necessary to fully understand
the various dimensions of quality of life in individuals with OI. Furthermore, bleeding tendency is a
common complication in adults with Ol and can be a significant clinical challenge. The underlying
pathophysiology of bleeding tendency in Ol is not well understood and further research is needed.
The management of bleeding episodes in Ol patients requires an individualized approach, and in

this context the use of antifibrinolytics and coagulation factors may be helpful.
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Chapter 9




Samenvatting:

Osteogenesis imperfecta (Ol) is een zeldzame aangeboren bindweefselziekte die ook wel bekend
staat als “broze botten ziekte”, omdat het leidt tot kwetsbare botten en een hoge incidentie van frac-
turen. Ol is een heterogene ziekte op zowel klinisch als genetisch gebied, en wordt onderverdeeld
in 5 verschillende types (Ol type 1-5). In de meeste gevallen worden de broze botten veroorzaakt
door een afgenomen en/of afwijkende productie van het collageen 1 op basis van een dominant
pathogene variant van ofwel het COL1A1 of het COL1A2 gen. Het fenotype is afhankelijk van welk
gen is aangedaan, de precieze locatie van de afwijking in het gen en het soort mutatie.

Collageen type 1 komt voornamelijk voor in botten, maar ook in andere structuren van het menselijk
lichaam zoals de tanden, ligamenten, pezen en in mindere mate in de sclera, bloedvaten en or-
ganen. Het productieprobleem heeft niet alleen invloed op de broosheid van botten, maar kan ook
symptomen veroorzaken die zich door het hele lichaam kunnen manifesteren. Deze symptomen
kunnen een negatieve invloed hebben op de kwaliteit van leven. Hoewel de andere symptomen
van OlI, zoals vermoeidheid en een verhoogde bloedingsneiging, vaak worden genoemd, zijn som-

migen ervan nog nauwelijks onderzocht.

Het doel van dit proefschrift was om meer inzicht te krijgen in de verschillende aspecten van de
kwaliteit van leven en bloedingen bij personen met Ol. Het is belangrijk om bij Ol breder te kijken
dan alleen een ziekte met botfragiliteit om de zorg en begeleiding van mensen met Ol te verbeteren

en de therapeutische mogelijkheden te vergroten.

De volgende onderzoeksvragen kwamen aan bod:

1. Wat is de kwaliteit van leven bij mensen met Ol vergeleken met controlepopulaties?

2. Wat is de impact van vermoeidheid op het dagelijks functioneren bij mensen met Ol
vergeleken met controlepopulaties?

3. Wat is de prevalentie van een verhoogde bloedingsneiging bij Ol vergeleken met een
controlepopulatie?

4. Wat zijn de klinische manifestaties van de bloedingsneiging bij OI? Is diagnostisch
onderzoek naar bloedingsstoornissen geindiceerd?

5. Welke bloedingsgebeurtenissen zijn het meest klinisch relevant bij OI? Wat kan worden

geleerd van therapeutische overwegingen bij andere milde bloedingsstoornissen?
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Hoofdstuk 1 is een algemene introductie op dit proefschrift en geeft achtergrondinformatie over
Ol zoals de verschillende typen Ol, de mogelijkheden voor behandeling, kwaliteit van leven en de

verhoogde bloedingsneiging bij mensen met Ol.

Deel 1 (Hoofdstukken 2 en 3) onderzocht de kwaliteit van leven bij volwassenen met Ol aan de
hand van vragenlijsten die verschillende dimensies van kwaliteit van leven onderzoeken. Deze
dimensies beschrijven aspecten van Ol die vaak worden genoemd door patiénten met Ol in de

spreekkamer van de arts.

In hoofdstuk 2 is de kwaliteit van leven bij volwassenen met Ol onderzocht aan de hand van
acht verschillende dimensies (subschalen) met behulp van de zelfgerapporteerde gevalideerde
generieke Short Form-36 vragenlijst. Hierin worden vier fysieke domeinen en vier mentale do-
meinen onderzocht van kwaliteit van leven. De fysieke domeinen zijn fysiek functioneren, rolbep-
erkingen in het dagelijks functioneren als gevolg van lichamelijke gezondheidsproblemen, pijn en
algemene gezondheidsbeleving. De vier mentale domeinen zijn vitaliteit, sociaal functioneren,
rolbeperkingen in het dagelijks functioneren als gevolg van emotionele problemen en algemene
mentale gezondheid. In totaal werden 322 Ol-patiénten meegenomen in de studie en vergeleken
met de normaalwaarden in de algemene Nederlandse populatie (n = 2778). Een belangrijke bev-
inding is dat de kwaliteit van leven bij patiénten met Ol in het fysieke domein aanzienlijk lager ligt
dan bij de controlepopulatie, terwijl de verschillen in het mentale domein met de controlepopulatie
minder uitgesproken waren. Alle patiénten werden verdeeld in leeftijdscategorieén, waardoor kon
worden vastgesteld dat er op bepaalde leeftijden problemen kunnen zijn die op andere leeftijden
minder voorkwamen. Bij het kijken naar verschillende leeftijdscategorieén vallen trends op in ver-
schillende domeinen van kwaliteit van leven die verder onderzocht zouden kunnen worden. Pijn is
een belangrijk probleem dat nadrukkelijk aanwezig is in patiénten met Ol, maar waar vooralsnog
weinig onderzoek naar is gedaan. Hoofdstuk 2 biedt een basismeting van de kwaliteit van leven bij
mensen met Ol die kan dienen als controle voor interventies, als bron voor het verbeteren van de

kwaliteit van zorg en als inspiratiebron voor verder onderzoek.

Hoofdstuk 3 beschrijft de mate van vermoeidheid en de impact van vermoeidheid op het
dagelijkse functioneren in een Ol-cohort van 99 volwassenen met Ol. De resultaten zijn vergeleken
met data van controle populaties uit Amerika en Nederland. Uit het onderzoek blijkt dat vermoeid-
heid significant vaker voorkomt bij mensen met Ol dan bij de controlepopulaties. Dit komt overeen
met wat er in de spreekkamer wordt gehoord. Deze studie bevestigt het vermoeden dat vermoeid-

heid een belangrijke klacht is en moedigt aan tot verder onderzoek.
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In Deel 2 (Hoofdstukken 4, 5 en 6) zijn verschillende aspecten van bloedingsneiging bij mensen
met Ol onderzocht, waaronder de prevalentie van anamnestische verhoogde bloedingsneiging en

mogelijk onderliggende stollingsstoornissen.

In hoofdstuk 4 werd een pilotonderzoek uitgevoerd bij 22 volwassenen met Ol om voor het eerst
in 40 jaar bloedingsneiging nader te onderzoeken. Zowel met behulp van een uitgebreide zelf
gerapporteerde ISTH-BAT vragenlijst (Self-BAT) als laboratoriumbloedonderzoek werd gezocht
naar verhoogde bloedingsneiging en stollingsstoornissen. Er werden vier patiénten geidentificeerd
die een verhoogde bloedingsneiging vertoonden, maar er werden bij hen geen stollingsproblemen
gevonden. Bij twee patiénten werd een afwijkende fibrinolyse vastgesteld, maar was er geen an-
amnestische bloedingsneiging aanwezig. Dit pilotonderzoek kon geen duidelijkheid geven over de
vraag of er een verhoogde bloedingsneiging of stollingsstoornis was bij deze groep patiénten met
Ol.

In hoofdstuk 5 werd in een groot cohort onderzoek gedaan naar anamnestische bloedingsneig-
ing bij patiénten met Ol aan de hand van de zelf gerapporteerde ISTH-BAT vragenlijst (Self-BAT).
In totaal zijn 195 ingevulde vragenlijsten geanalyseerd. De belangrijkste bevinding was dat 42%
(81/195) van alle patiénten een verhoogde bloedingsneiging meldde, wat aanzienlijk hoger was
dan in een algemene populatie verwacht mag worden. De belangrijkste conclusie was dan ook dat
bloedingsneiging daadwerkelijk een belangrijk symptoom is bij mensen met Ol. De bloedingsneig-
ing anamnese (Self-BAT) is geanalyseerd om te bepalen welke bloedingssymptomen het vaakst

voorkomen en welke het meest klinisch relevant zijn.

Aangezien patiénten met Ol vaak operaties ondergaan en vaak tandextracties nodig hebben, is
het van groot belang om alert te zijn op bloedingen tijdens deze ingrepen. Bij dergelijke ingrepen
zijn vaak grote interventies nodig om bloedingen te stoppen. Bovendien blijkt dat hevige menstru-
ele bloedingen en postpartumbloedingen vaak voorkomen. Voor dergelijke bloedingen zijn vaak
therapieén beschikbaar om de ernst van de bloedingen te verminderen. Het advies dat voortkomt
uit dit hoofdstuk was dan ook om de bloedingsneiging bij individuele Ol patiénten goed in kaart te
brengen met een gestructureerde anamnese (ISTH-BAT) en om interventies op een individuele

basis laagdrempelig toe te passen om bloedingen te voorkomen.
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In hoofdstuk 6 werd een selectie gemaakt van patiénten met de hoogste bloedingsneiging zoals
beschreven in hoofdstuk 5. Bij deze geselecteerde patiénten werd opnieuw uitgebreid laboratori-
umonderzoek uitgevoerd, vergelijkbaar met hoofdstuk 4, om eventuele stollingsproblematiek aan
het licht te brengen. Hierbij werd ook de bloedingstijd gemeten, waardoor ook de mogelijke effecten
van abnormaal collageen in de vaatwand werden meegenomen. Van de 11 geselecteerde pa-
tienten met een hoge bloedingsneiging had twee patiénten inderdaad een verlengde bloedingstijd.
Bovendien werden afwijkingen gevonden in het fibrinogeen (n = 1), factor VIII (n = 2) en de Von
Willebrand-factor (n = 1). Ook werden afwijkingen in de trombocytenfunctie waargenomen (n = 6).
Echter, al deze afwijkingen werden slechts bij negen van de 20 patiénten gevonden, en er was
geen duidelijk onderscheid zichtbaar tussen patiénten met een hoge anamnestische bloedings-

neiging en patiénten met een normale anamnestische bloedingsneiging.

De conclusie was dat er geen eenduidige stollingsstoornis wordt gevonden die de bloedingsneig-
ing verklaart, maar dat er verschillende componenten van de stolling afwijkend kunnen zijn. Het
wordt daarom geadviseerd om bij operaties zorgvuldig de bloedingsneiging uit te vragen, bij een
verhoogde bloedingsneiging de stolling te controleren in het laboratorium, en ongeacht de uitkomst

alert te blijven op een verhoogd bloedingsrisico.

In hoofdstuk 7 worden de resultaten samengevat en bediscussieerd, en worden aanbevelingen

gedaan voor toekomstig onderzoek en de klinische praktijk.

Er wordt benadrukt dat het belangrijk is dat een multidisciplinaire, individualistische en holistische
benadering wordt gebruikt in de zorg voor mensen met Ol. Behandelkeuzes moeten worden ge-
maakt in samenspraak met de individuele patiént en gericht op het verbeteren van kwaliteit van
leven. Omdat de kwaliteit van leven op verschillende leeftijden kan verschillen, is het belangrijk om
de kwaliteit van leven regelmatig te beoordelen. Verder onderzoek is nodig om de verschillende

dimensies van kwaliteit van leven bij mensen met Ol volledig te kunnen doorgronden.

Daarnaast is een verhoogde bloedingsneiging een veel voorkomende complicatie bij volwassenen
met Ol en kan een aanzienlijke klinische uitdaging vormen. De onderliggende pathofysiologie van
de bloedingsneiging bij Ol wordt niet goed begrepen en moet verder worden onderzocht. De be-
handeling en preventie van bloedingen bij Ol-patiénten vereist een geindividualiseerde aanpak en

het gebruik van antifibrinolytica en stollingsfactoren kan nuttig zijn.
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