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Abstract 

Background  Osteogenesis imperfecta (OI) is a rare heritable connective tissue disorder primarily characterised by 
skeletal deformity and fragility, and an array of secondary features. The purpose of this review was to capture and 
quantify the published evidence relating specifically to the clinical, humanistic, and economic impact of OI on indi-
viduals, their families, and wider society.

Methods  A systematic scoping review of 11 databases (MEDLINE, MEDLINE in-progress, EMBASE, CENTRAL, PsycINFO, 
NHS EED, CEA Registry, PEDE, ScHARRHUd, Orphanet and Google Scholar), supplemented by hand searches of grey 
literature, was conducted to identify OI literature published 1st January 1995–18th December 2021. Searches were 
restricted to English language but without geographical limitations. The quality of included records was assessed 
using the AGREE II checklist and an adapted version of the JBI cross-sectional study checklist.

Results  Of the identified 7,850 records, 271 records of 245 unique studies met the inclusion criteria; overall, 168 
included records examined clinical aspects of OI, 67 provided humanistic data, 6 reported on the economic impact 
of OI, and 30 provided data on mixed outcomes. Bone conditions, anthropometric measurements, oral conditions, 
diagnostic techniques, use of pharmacotherapy, and physical functioning of adults and children with OI were well 
described. However, few records included current care practice, diagnosis and monitoring, interactions with the 
healthcare system, or transition of care across life stages. Limited data on wider health concerns beyond bone health, 
how these concerns may impact health-related quality of life, in particular that of adult men and other family mem-
bers, were identified. Few records described fatigue in children or adults. Markedly few records provided data on the 
socioeconomic impact of OI on patients and their caregivers, and associated costs to healthcare systems, and wider 
society. Most included records had qualitative limitations.

Conclusion  Despite the rarity of OI, the volume of recently published literature highlights the breadth of interest in 
the OI field from the research community. However, significant data gaps describing the experience of OI for individu-
als, their families, and wider society warrant further research to capture and quantify the full impact of OI.
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Background
Osteogenesis imperfecta (OI) is a rare, heritable con-
nective tissue disorder with multiple manifestations. 
Individuals with OI typically have low bone mass and 
skeletal fragility, and are susceptible to fractures of 
the long bones, vertebral compression, variable bone 
deformities, scoliosis and growth deficiency [1].

OI can also result in an array of secondary features 
including blue sclerae, hearing loss, dentinogenesis 
imperfecta, basilar invagination, cardiovascular and 
pulmonary abnormalities [1].

The condition presents as a range of phenotypes, clas-
sified according to clinical presentation, radiographic 
features, patterns of inheritance [2] and genetics [1]. 
The estimated prevalence is approximately 0.4–1.1 per 
10,000 individuals based on population survey and 
patient registry data [3–5].

A multidisciplinary approach to the medical man-
agement of OI remains unrealised; current treatment 
aims are the reduction of fractures and improvement 
in mobility and function [6]. The only currently uti-
lised pharmacologic interventions are bisphosphonates, 
which reduce bone turnover and may prevent or delay 
bone pain and reduce fracture rates, and analgesics, 
specifically for pain management. Non-pharmacolog-
ical interventions comprise surgery, including rodding 
surgery, and physiotherapy [7, 8].

Living with OI may have a significant impact on 
the physical, social, and emotional wellbeing of indi-
viduals as well as their families and caregivers [9–11]. 
Although a sizeable body of evidence describing the 
impact of OI on health-related quality of life (HRQoL) 
exists, gaps have been identified in past records, includ-
ing: an understanding of wider health concerns beyond 
bone health [12, 13], the impact of other manifestations 
of OI on HRQoL, and the impact of OI on affected fam-
ily members caring for affected individuals and other 
family members, especially non-affected siblings. Only 
few studies have examined facets of the socioeconomic 
impact of OI on patients and their caregivers, associ-
ated costs to healthcare systems and wider society, and 
none currently offer a comprehensive picture of the 
economic impact of OI. A number of systematic litera-
ture reviews (SLRs) relating to OI have been published 
in the last 10 years [9, 14–23]; 1 recent review reported 
on the impact of OI on families [9].

To our knowledge, no scoping review has comprehen-
sively captured the breadth of the published evidence and 
data gaps relating to the OI patient journey. Therefore, 
the aim of this systematic scoping review is to capture 
the breadth of literature describing the clinical, HRQoL 
and economic impact of OI on individuals with OI, their 
families and caregivers, and wider society.

Methods
A systematic scoping review of the literature was per-
formed following Centre for Reviews and Dissemina-
tions (CRD) systematic review guidance and is reported 
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) recom-
mendations [24, 25]. The protocol of this review has 
been registered with PROSPERO (registration number 
CRD42021225786). The data synthesis focussed on the 
scope of the literature following JBI recommendations for 
scoping reviews [26].

This systematic scoping review consisted of 3 review 
questions: What is the patient clinical journey as expe-
rienced by people living with OI?, What is the humanis-
tic impact of OI as experienced by people living with OI, 
their families, and caregivers?, and What is the economic 
impact of OI as experienced by people living with OI, 
their families, caregivers, and healthcare providers?.

Literature searches
Eleven databases were searched for relevant records pub-
lished between 1st January 1995–18th December 2021: 
MEDLINE, MEDLINE In-Process, EMBASE, Cochrane 
Central Register of Controlled Trials (CENTRAL), 
PsycINFO, National Health Service Economic Evalua-
tion Database (NHS EED), Center for the Evaluation of 
Value and Risk in Health (CEA registry), Paediatric Eco-
nomic Database Evaluation (PEDE), School of Health 
and Related Research Utilities Database (ScHARRHUd), 
Orphanet and Google Scholar. Additional manual 
searches of grey literature were performed. The search 
terms are presented in the Additional file  1: materials 
(Additional file 1: Table S1).

Selection of eligible studies
English language records were included if they examined 
the clinical impact or patient journey of adults or children 
with OI, the humanistic impact of OI on adults, children, 
or their families and caregivers, or the economic impact 
on individuals with OI, families and caregivers of people 
with OI and wider society. Primary outcomes of inter-
est included key clinical events and health conditions, 
wider health concerns beyond fractures; equity con-
cerns; socio-economic mediators for access to treatment; 
diagnosis and monitoring; interactions with the health-
care system; disease specific and generic HRQoL out-
comes; utility measures; factors affecting HRQoL; patient 
reported outcomes; direct and indirect healthcare costs; 
healthcare resource use (HCRU); and non-healthcare 
costs. To answer the clinical review questions, clinical 
guidelines; patient registry data; patient and healthcare 
provider surveys; cohort studies (≥ 50 patients); cross-
sectional studies (≥ 50 patients) and case–control studies 



Page 3 of 26Rapoport et al. Orphanet Journal of Rare Diseases           (2023) 18:34 	

(≥ 50 patients) were included. For the humanistic and 
economic sections, randomised-controlled trials (RCTs); 
non-RCTs; cohort studies; patient registry data; patient 
survey data; cross-sectional studies; case–control stud-
ies; case series (≥ 10 patients); economic evaluations; and 
HCRU or cost studies were included. A comprehensive 
description of eligibility criteria is provided in the Addi-
tional file 1: materials (Additional file 1: Table S2).

Duplicates were removed using Endnote algorithms 
and a manual screening by 1 reviewer, who also rapidly 
screened all titles within Endnote to remove records that 
clearly did not meet the eligibility criteria. At all screen-
ing stages, duplicate records, such as interim records 
or congress proceedings of research for which full text 
records were also identified, were excluded to minimise 
reporting bias.

Titles and abstracts of the remaining records were 
screened by 2 independent reviewers to identify poten-
tially relevant records. Disagreements were resolved 
independently by a third reviewer. Full texts of all remain-
ing records were screened in the same manner.

Data extraction
The following categories of data were extracted from the 
included studies: record identifiers, publication type, 
aim of the publication/study, study design, inclusion 
and exclusion criteria, recruitment procedures, partici-
pant characteristics (age, sex, ethnicity, country, socio-
economic status, disease characteristics, comorbidities, 
diagnosis method), study setting (country and venue 
type) and outcome data or results (unit of assessment/
analysis, characteristics of each pre-specified outcome, 
type of analysis, results of study analysis, any additional 
outcomes).

Quality assessment
Guidelines were assessed with the AGREE II (Appraisal 
for Guidelines Research and Evaluation II) checklist 
[27]. All other records were assessed using a custom tool 
adapted from the JBI (Joanna Briggs Institute) check-
list for cross-sectional studies [28] (Additional file  1: 
Table S3).

Narrative synthesis
Included records were collated, combined, and sum-
marised in a qualitative synthesis. Results were drawn 
together by category (OI patient journey/clinical impact, 
humanistic impact of OI, economic impact of OI) and 
observed effects and inconsistencies across studies were 
explored. Outcome data were grouped where possible to 

enable descriptive analysis. The narrative synthesis was 
undertaken by one author and reviewed by all co-authors.

For the purpose of this review, individuals younger 
than 18 years of age were considered children and such 
reports were grouped  in the paediatric sections.

Results
The PRISMA diagram for the selection of eligible records 
is shown in Fig. 1. Overall, 271 records (67 abstracts, 204 
full texts) of 245 unique studies met the inclusion criteria. 
Most records reported on clinical conditions (n = 168, 
61.8%) (Additional file  1: Table  S4), or humanistic out-
comes (n = 67, 24.6%) (Additional file 1: Table S5). Only 
6 records reported on economic outcomes (2.2%) (Addi-
tional file  1: Table  S6). Additionally, 30 (11.1%) records 
reported on mixed topics (Additional file 1: Table S7).

Clinical events and conditions in individuals with OI
Overall, 171 records of 153 unique studies (47 abstracts, 
124 full texts) on clinical events and conditions were 
included (Table  1). A detailed narrative synthesis of 
included records is presented in Table 1. Studies mostly 
used a cross-sectional design (Fig.  2). Data on children 
were included in 71 records (41.5%), 40 records (23.4%) 
included adults, and 55 (32.2%) included mixed popu-
lations. In 5 (2.9%) records the study population was 
unclear. Most well-described themes included bone, 
joint and musculoskeletal conditions (n = 97, 56.7%), 
anthropometric measures (n = 62, 36.3%), oral condi-
tions (n = 45, 26.3% of records), mobility (n = 34, 19.9%), 
audiological conditions (n = 21, 13.5%), ophthalmologi-
cal conditions (n = 29, 17.0%), cardiovascular conditions 
(n = 15, 8.8%) and pulmonary conditions (n = 11, 6.4%).

Less commonly described conditions included diabe-
tes (n = 1, 0.1%), abnormal platelet counts (n = 1), gas-
trointestinal (GI) tract issues (n = 2, 1.2%), neurological 
problems (n = 2, 1.2%), kidney stones (n = 3, 1.8%), bruis-
ing and skin conditions (n = 4, 2.3%), treatment-related 
conditions (n = 4, 2.3%), sleep-related conditions (n = 4, 
2.3%), women’s health (n = 5, 2.9%), survival (n = 5, 2.9%) 
and muscle strength (n = 7, 4.1%).

Diagnosis and monitoring
The diagnosis of OI was discussed in 36 records of 34 
unique studies (10 abstracts, 26 full texts) (Table 2). Chil-
dren were included in 15 records (41.7%), mixed popu-
lations in 16 (44.4%), adults in 3 (8.3%) [29–31] and an 
unclearly defined population in 1 (2.8%). One publica-
tion (2.8%) did not include a patient population. Best 
described were diagnostic techniques, including clini-
cal history or radiographic assessment (n = 20), genetic 
testing (n = 10), and dual-energy X-ray absorptiometry 
(DEXA) scans (n = 7). Fewer records included other 
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diagnostic techniques, such as skin biopsy or collagen 
analysis (n = 4), blood tests (n = 3) and prenatal diagno-
sis (n = 4). Equal amounts of records reported on genetic 
testing in 2010–2015 and 2016–2020. Additionally, age at 
diagnosis (n = 11), diagnostic pathways (n = 5), and mis-
diagnosis or diagnostic uncertainty (n = 5) were explored.

In comparison to records including data on diagnosis, 
fewer records describing the monitoring of patients with 
OI were included (n = 5; 2 abstracts, 3 full texts). Such 
records mostly described monitoring techniques and 
procedures (n = 5), including DEXA scans, vision exams, 
blood pressure readings, blood tests, body mass index 
(BMI), height or weight measurements, dental exams, 
bone turnover marker measurements, range of motion or 
patient reported measurements [13, 32–35]. One record 
also provided insights on monitoring frequency [35].

Current care practice
Data on current care practice were included in 74 records 
of 70 unique studies (12 abstracts, 62 full texts) (Table 3). 
Most records reported on children (n = 39, 52.7%); fewer 
reported on adults (n = 13, 17.6%) and mixed popula-
tions (n = 22, 29.7%). Themes included pharmacological 

interventions (n = 58), surgical interventions (n = 29), 
other interventions (n = 7) and pregnancy and birth 
(n = 5).

Included records on pharmacological interventions 
focussed on bisphosphonate use (n = 57), while the use 
of other medications, including vitamins or supple-
ments (n = 10), analgesics (n = 3) or blood pressure and 
other medications (n = 2 each) was less well documented. 
Records of surgical interventions mostly included infor-
mation on rodding procedures (n = 48). Other types of 
surgery (n ≤ 7 each for all other surgery types), use of 
physiotherapy (n = 5) and other non-pharmacological 
interventions and delivery methods (n = 5) were not well 
described.

Interactions with healthcare professionals
Of 15 unique records (4 abstracts, 11 full texts) [13, 30, 
33–45], most included children (n = 7, 46.7%); fewer 
records including adults or mixed populations were iden-
tified (n = 4, 26.7% each). Records described the utilisa-
tion of services (n = 10) [13, 30, 36–41, 45, 46], experience 
with services (n = 3) [35, 41, 42], progression through the 
healthcare system (n = 2) [33, 35] and interactions with 

Title/abstract screening 
(n=1,425)

Rapid ‘weed’ of 
irrelevant records
Excluded n=6,425

Records retrieved from 
databases (n=7,850)

Excluded
n=1,097

Final includes from database 
searches (n=252)

Excluded n=76
Reasons for exclusion:

Duplicate, wrong 
population, wrong 

study type, no 
outcomes of interest, 
non-English language

Clinical (n=168) Humanistic (n=67) Economic (n=6) Mixed topics (n=30) 

Full text screening (n=328)

Records identified 
in hand searches 

(n=19)

Final includes (N=271, 
abstracts n=67; full texts 

n=204)

Fig. 1  PRISMA flow diagram. PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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specific healthcare professionals or consultants (n = 9) 
[13, 33–37, 41–43]. While many records described 
ante- and postnatal care (n = 4) (39) [40, 45, 46], occupa-
tional and physical therapy (n = 4) [37, 41–43] and mul-
tidisciplinary care approaches (n = 5) [13, 33–35], fewer 
records described dental care [36] and outpatient care 
(n = 1 each) [38].

Guidance for clinical practice for individuals with OI
Across 13 unique, full text records of guides for clini-
cal practice most (n = 8, 61.5%) were not specific to OI 
(Table  4). Of the 13 included records, 7 were published 
prior to 2013 and all guidance for clinical practice were 
published for Northern and Western Europe, the USA 
and Australia.

Most such records covered mixed populations (n = 9, 
69.2%). 4 were specific to children (30.8%). OI-unspecific 
records covered the diagnosis and management of osteo-
porosis, skeletal dysplasias or spinal pathology, exercise 
recommendations for children with chronic conditions, 
use of bisphosphonates in children, treatment of bispho-
sphonate-related osteonecrosis of the jaw and the use of 
DEXA scans in children with chronic disease.

The 5 OI-specific clinical practice guides (38.5%) cov-
ered the physical training and rehabilitation of children 
with OI, the transition of young adults from paediatric 
to adult care, and best practice for the molecular and 
genetic diagnosis of OI. Only 1 record published in 
2000 described best management practices specific to 
OI [47].

HRQoL of adults with OI
Of 32 records (2 abstracts, 30 full texts) of 48 unique 
studies most (n = 28) described adults (87.5%) and 4 
(12.5%) mixed populations. Across studies that pro-
vided the sex of participants (n = 31), women were over-
represented (median: 59.0%). Few records focussed on 
young or older adults. No OI-specific tools were used; 
most often, results of the SF-36 tool were reported. 
Other tools were used in 1–3 records each (Fig.  3). 
Most records provided insights on the physical (n = 28) 
and mental health (n = 23) of adults with OI. Addition-
ally, pain (n = 7), fatigue (n = 5) and social functioning 
(n = 6) were described (Fig. 3). A detailed narrative syn-
thesis of this topic is documented in Table 5.

HRQoL of children with OI
Of 51 records (13 abstracts, 38 full texts) of 48 unique 
studies that described the HRQoL of children with OI, 
41 records (80.4%) included children and 10 (19.6%) 
included a mixed population. In those records provid-
ing the sex of participants (n = 44), the proportion of 
male and female participants was balanced (median: 
50.0%).

A variety of tools were used, none of which were OI 
specific (Fig. 4). Records focused predominantly on phys-
ical functioning (n = 43); fewer records included data 
on social functioning (n = 16), pain (n = 16) and mental 
health (n = 18) (Fig.  4). Few focused on fatigue (n = 3) 
and other domains, including cognition, speech, physical 
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Table 2  Records including information on diagnosis in individuals with OI

Skin biopsy/ 
collagen 
analysis

Blood/ 
DNA 
analysis

Genetic test 
(general)

Clinical history 
and radiographs 
(general)

DEXA Prenatal 
testing

Diagnostic 
pathway

Age of 
diagnosis

Misdiagnosis/ 
diagnostic 
uncertainty

Aarabi, Rauch [144] x

Arponen [158] x

Arponen, Mäkitie 
[154]

x

Aubry-Rozier, Rich-
ard [35]

x x x x

Bellur, Jain [40] x x

Binh, Maasalu [90] x

Brizola, Zambrano 
[153]

x x x

Castro, Santos [89] x x

Cubert, Cheng [236] x x x

Dar, Khalily [29] x x

Greeley, Donaruma-
Kwoh [117]

x x x

Hagberg, Lowing 
[33]

x x x

Jain, Tam [174] x

Kok, Sakkers [165] x

Liu, Asan [237] x

Martin, Haney [102] x

Moreira, Gilbert [42] x

Narayanan, Dougan 
[34]

x x

Oduah, Firth [85] x

Ohata, Takeyari 
[121]

x x

Patel, Nagamani 
[123]

x

Pinheiro, Barrios 
[184]

x

Rauch, Lalic [134] x

Rusinska and 
Michalus [86]

x

Rusinska, 
Jakubowskapietkie-
wicz [155]

x x x

Sepúlveda, Terrazas 
[32]

x x

Simoes, Fernandes 
[228]

x

Song, Zhao [163] x

Stewart, Raja [30] x x

Tabanfar [101] x x x

Tosi, Floor [212] x x

Tosi, Floor [106] x x x

Vyskocil and Pavelka 
[238]

x x x x

Wekre, Frøslie [31] x x

Yimgang, Brizola 
[46]

x

Youngblom, Murray 
[239]

x x x x x

DEXA, dual-energy x-ray absorptiometry
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appearance, dyspnoea, overall wellbeing, eating habits, 
care experience and barriers to physical activity (n = 12). 
A detailed narrative synthesis of this topic is documented 
in Table 6.

HRQoL of caregivers of individuals with OI
Of 17 records of 16 unique studies (3 abstracts, 14 full 
texts) 14 included the sex of participants. Across such 
records, most participants were female (median: 66.7%). 
Most caregivers were either mothers or fathers to the 
care recipients. Two records included 4 siblings total 
[48, 49]. Care recipients in all studies were children; one 
study additionally reported on caregivers of 3 young 
adults (21–30  years of age) [50]. Records discussed 
themes of psychological wellbeing, familial and exter-
nal support and relationships, care experience, physical 
wellbeing, and caregivers’ perception of OI (Fig. 5). The 
detailed narrative synthesis of this topic is documented 
in Table 7.

Economic outcomes of individuals with OI
Economic data were included in 11 records of 11 unique 
studies (2 abstracts, 9 full texts) [39, 51–60]. All featured 
data on the economic impact of OI, but only 7 were spe-
cific to the condition [39, 51, 53, 55, 56, 59, 60]. Seven 
records included children, and 2 each included adults or 
mixed populations. Most reported US or UK data and 
provided information on resource utilisation (n = 7) [39, 
51, 53, 55, 57–59], direct medical costs (n = 10) [51–60], 
such as treatment and hospitalisation costs, and indi-
rect medical costs (n = 2) [57, 60], such as out of pocket 
expenses and travel expenses. Few records included 
direct costs beyond hospitalisation-associated expendi-
ture and resource utilisation. None included informa-
tion on costs associated with co-payments or home 
modifications.

Quality assessment of the included studies
The majority of the included records assessed according 
to the JBI fell short of fulfilling all requirements (Fig. 6): 
for 68.5%, inclusion criteria were not reported (n = 106, 
40.8%) or reported partially (n = 72, 27.7%). Most records 
(n = 159, 61.2%) provided partial descriptions of the 
study setting and subjects. For 31.5% (n = 82) the validity 
of the employed outcome measures was unclear. Notably, 
in most records, potential bias sources were not acknowl-
edged 68.1% (n = 177) and in a further 25.0% (n = 65) 
they were only acknowledged partially; in most instances 
no strategies were employed to mitigate bias (82.3%, 
n = 214).

Among the 11 included guides for clinical practice in 
OI (Fig.  7), 54.5% (n = 6) did not provide explicit links 
between recommendations and supporting evidence, 
and 45.5% (n = 5) did not describe methods with which 
recommendations were formulated clearly. Furthermore 
90.9% (n = 10) did not provide clear criteria for included 
evidence.

Discussion
This systematic scoping review provides first compre-
hensive overview of the available literature on the impact 
of OI on individuals with OI, their families, caregivers, 
and wider society, including clinical, humanistic, and 
economic data and can therefore inform future research 
directions.

Existing reviews of OI literature do not provide a sys-
tematic overview of the scope of published records, 
but rather follow a narrative design [61–63], or aim to 
answer specific research questions [9, 11, 18–21, 64–
72]. Therefore, the aim of this review was to determine 
the breadth of literature available and provide a snap-
shot of the evidence it covers. With this approach, data 
gaps could be identified to guide the direction of future 
studies.

This work finds that, while the high number of identi-
fied records suggests a high research interest into OI, 
many aspects of the condition that affect individuals, 
caregivers and healthcare systems are currently insuf-
ficiently documented or understood. The quality assess-
ment of included records found that most records did not 
identify, or address, bias and a considerable number did 
not describe inclusion criteria for study participants and 
evidence or included samples. This limitation is persis-
tent across research topics and constrains the generalis-
ability of study findings.

Additionally, the high proportion of cross-sectional 
study designs, reporting inconsistencies across studies, 
and the predominance of records from Northern Amer-
ica and Northern Europe hinders our understanding 
of the global impact of OI for individuals, families and 
healthcare systems.

Choosing a scoping approach allowed us to capture 
the breadth of evidence on OI, both quantitative and 
qualitative, thereby allowing us to identify some rarely 
reported research. However, the diversity and high num-
ber of included records limited the depth of analysis we 
were able to undertake. Additionally, the focus on Eng-
lish language records presents a limitation which we have 
attempted to mitigate through the inclusion of a wide 
variety of databases.
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Fig. 3  Tools used to assess adult HRQoL domains and number of records on each domain. EQ-5D-5L Euroqol 5-Dimension Questionnaire 5 Levels, 
FIM Functional Independence Measure, HRQoL Health-related quality of life, PROMIS Patient-reported Outcomes Measurement, VAS Visual Analogue 
Scale

Table 5  Narrative synthesis of included records on the HRQoL in adults with OI

HRQoL Health-related quality of life, OI Osteogenesis imperfecta, SF-36 Short Form Questionnaire

domain N Findings Records

Physical function 28 Physical functioning was described using a variety of tools however SF-36 (n = 13) was used 
most often. Included records suggest that physical functioning and independence are lower 
in adults with OI compared with the overall population. In all included records (n = 4), sleep 
was affected in individuals with OI

[31, 35, 52, 103, 109, 111, 151, 
180, 201, 205, 206, 253–267]

Pain 7 Records concluded that adults with OI experienced significantly more pain and pain interfer-
ence compared with the overall population

[13, 52, 106, 187, 254, 265, 268]

Fatigue 5 Included records concluded that individuals with OI experienced significantly more fatigue 
compared with the overall population, however women were overrepresented (62–78% of 
study samples)

[13, 106, 187, 254, 269]

Mental health 23 Included records on the mental health of adults with OI reached conflicting conclusions on 
the effect of OI on individuals’ mental health

[13, 35, 52, 106, 109, 111, 151, 
205, 206, 253–262, 265–267, 
270]

Social functioning 6 Records using validated tools (n = 4) found that social functioning of adults with OI was com-
parable with the overall population

[13, 106, 109, 206, 266, 267]
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Fig. 4  Tools used to assess paediatric HRQoL domains and number of records on each domain. CHAQ Childhood Health Assessment Questionnaire, 
HRQoL Health-related quality of life, PEDI Paediatric Evaluation of Disability Inventory, PedsQL Paediatric Quality of Life Inventory, PODCI Paediatric 
Outcomes Data Collection Instrument, SPPC Self-Perception Profile for Children, VAS Visual Analogue Scale

Table 6  Narrative synthesis of included records on the HRQoL in children with OI

HRQoL Health-related quality of life, OI Osteogenesis imperfecta

domain N Findings Records

Physical function 42 Physical functioning tools mostly assessed mobility, athleti-
cism, and function/independence. Physical functioning and 
mobility of children with OI were found to significantly differ 
from reference or control groups and between OI types

[37, 104, 106–108, 110, 152, 163, 164, 180, 188, 204, 213, 240, 
271–298]

Pain 15 Few comparisons of pain experienced by children with OI 
compared with other children have been conducted. Children 
with OI experience fluctuating pain with bisphosphonate 
treatment cycles. Differences between fracture and non-
fracture pain are poorly understood

[106, 107, 271, 276, 279, 280, 282–284, 286, 288, 290, 294, 295, 
299]

Fatigue 3 Fatigue in children with OI is poorly understood, but included 
records indicate that children with OI do not experience 
significantly more fatigue compared with other children

[106, 276, 300]

Mental health 18 Few records compared the emotional functioning of children 
with OI to a reference or control population, therefore no 
consensus was identified

[48, 106, 110, 163, 204, 274, 276, 281–287, 289, 294, 301, 302]

Social functioning 19 Children with OI may experience impaired social function-
ing possibly due to the need for careful play and inability to 
participate in activities. Social functioning may be worse in 
children with more severe OI types compared with those with 
mild types

[48, 106, 108, 110, 163, 164, 204, 272–276, 284–287, 289, 294, 
297]

Other 12 Other assessed domains in included records were cognition, 
speech, physical appearance, dyspnoea, overall wellbeing, 
eating habits, care experience and barriers to physical activity. 
Notable findings included the high prevalence of choosy eat-
ing in children with OI and high prevalence of food fussiness

[48, 107, 271, 274, 276, 284, 301–306]
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While some clinical conditions, such as bone-related 
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Fig. 5  Domains examined by records on caregivers’ HRQoL. HRQoL Health-related quality of life, OI Osteogenesis imperfecta

Table 7  Narrative synthesis of included records on the HRQoL of caregivers for individuals with OI

ADLs Activities of daily living, HRQoL Health-related quality of life, OI Osteogenesis imperfecta

domain N Findings Records

Psychological wellbeing 12 The OI diagnosis may affect the mental health of caregivers negatively. Parents of 
children with OI scored significantly lower in domains assessing mental health in 
studies that used validated tools

[48–50, 104, 290, 294, 307–312]

Internal support 10 Parents mentioned that having a child with OI may affect intrafamilial relationships 
and help from close family may be limited due to safety concerns of parents

[48–50, 54, 290, 294, 308–310, 313]

External support 8 Caregivers mentioned that more reliable and safe respite care opportunities for 
children with OI are important to facilitate caregivers’ wellbeing. Levels of institu-
tional support received by families were higher if children were diagnosed with a 
more severe OI type

[48, 50, 308–311, 313, 314]

Caregiver environment 7 Caregivers of children with OI may experience a decrease in their household 
income, higher rates of absenteeism, significant medical care expenses for their 
child and may have to relocate to accommodate medical and safety needs

[48, 50, 54, 60, 307–310]

Relationships with friends 5 Parents noted that they may experience isolation from their social circle due to 
safety concerns for their child and a lack of understanding for the condition from 
outside parties

[307, 308, 310–312]

Care experience 5 Important elements of providing care to children with OI include coordinating 
medical care, assisting with ADLs and transfers, research of best care practices, 
advocacy, and adaptation of the home environment to be safer for children with 
OI

[48, 54, 310, 311, 313, 315]

Physical wellbeing 4 Findings are conflicting in the included records. Some parents reported experienc-
ing recurring health issues after their child’s diagnosis

[307–310]

Perception of OI 4 In the included records, engagement with healthcare providers was affected by 
caregivers’ negative perception of their children’s OI diagnosis

[49, 309, 310]
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field: in one study individuals reported that their HRQoL 
has been affected by urinary tract, skin, GI, and neuro-
logical conditions [13]. Additionally, other studies point 
to pulmonary conditions being among the most com-
monly reported causes of death in individuals with OI 
[73, 74]. Furthermore, understanding the benefits and 
adverse effects of treatments for individuals with rare 
metabolic conditions has been identified as a priority 
research question in a joint collaboration of patients, car-
ers and healthcare professionals [75].

We identified few records of interactions with the 
healthcare system, the majority of which included data 
from North-western Europe or Northern America. Of 
those, few records included patients’ experience with 
services and their progression through the healthcare 

system. In records that described interactions with 
healthcare professionals, few described genetic testing, 
outpatient care, operative interventions, and dental care. 
Similarly, few included records included information 
on prenatal testing, blood and DNA analysis, and mis-
diagnosis or diagnostic uncertainty. The monitoring of 
individuals with OI or ongoing care was not well docu-
mented. Similarly, guidance on most care topics for indi-
viduals with OI is limited and often unspecific to OI.

HRQoL is well documented for individuals with OI, 
however more records of women and children, especially 
with milder OI types, were identified, while fewer records 
of young adults, men, and those with OI types 3 and 4 
were found. A variety of tools were applied in the stud-
ies, which limits our ability to compare and generalise 
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findings across studies. Few adult studies used tools that 
were specific to long-term disability, pain, or fatigue 
associated with long-term conditions, but physical and 
mental functioning were well described. Among paediat-
ric records, use of disability-specific tools to assess physi-
cal functioning was prevalent, however, pain, fatigue, 
and mental health in children with OI were not well 
described.

Records on the HRQoL of caregivers featured a high 
number of interview-based studies and limited docu-
mentation of caregiver- and care-recipient character-
istics, which may hinder the generalisability of study 
findings. Furthermore, few records included fathers, 
siblings and other family members or families of young 
adult and adult care recipients.

Few records included data on the economic impact of 
OI on individuals, healthcare systems and wider society. 
Most focussed on hospitalisation and associated costs, 
whereas indirect costs, and outpatient care consumption 
and costs are less well documented. Therefore, the iden-
tified data does not allow an accurate assessment of OI-
associated costs and expenses.

Patient groups are unequally represented across out-
comes assessed in this review: more records described 
clinical conditions, current care practice and HRQoL 
in children; similarly, OI specific clinical practice guide-
lines were mostly available for children or adolescents. In 
patient HQoL studies adult men, adolescents and older 
adults were underrepresented. Few studies provided data 
on the wellbeing of male caregivers or family members 
of individuals with OI. The lack of evidence for these 
population groups compromises any attempts at evi-
dence-based care and is well documented to decrease the 
generalisability of findings, quality of care and hinder the 
access to effective interventions [76].

Conclusion
This work shows that despite the interest of the 
research community and the persistent patient need, 
many research areas remain to be explored to better 
understand the impact of OI and accurately depict 
individuals’ experiences. Among such gaps, future 
research into health concerns beyond bone health, the 
long-term effects of OI treatment and changing medi-
cal needs throughout an individual’s life can help to 
better understand and care for individuals with the 
condition. Additionally, a better understanding of 
pain and fatigue experiences, as well as the HRQoL of 
caregivers and families affected by OI, can aid in plan-
ning and directing services. Lastly, OI may pose a con-
siderable economic burden to individuals and society; 
however, few records assess the costs associated with 

OI treatment and care outside of the hospital setting. 
An in-depth documentation of such costs could help 
to address concerns of affected individuals and their 
families.

Funding and resources for research on rare diseases 
are limited. However, this review represents a first step 
to mitigate data paucity through the identification of 
specific research gaps within OI. Based on these gaps 
we have designed and conducted an online-based sur-
vey targeted at individuals with OI, their caregivers, 
and close relatives [77]. We hope that the findings from 
the survey will help the healthcare community gain 
insights into the clinical, economic, and humanistic 
burden of this condition.
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