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Abstract Osteogenesis imperfecta (OI) is a systemic

connective tissue disorder most often caused by mutations

in collagen type 1 related genes. Patients with OI suffer

from multiple fractures and various degrees of growth

deficiency and bone deformity. It is unknown whether the

systemic effect of defect collagen type 1 influences the

quality of life in patients with OI. We therefore aimed to

investigate health-related quality of life (HRQoL) in a

well-characterized cohort of adult patients with OI. We

included 85 adult patients with mild to severe OI (types I,

III, and IV) and obtained information about skeletal- and

non-skeletal phenotypes and patient demographics. We

investigated physical and mental HRQoL using a validated

questionnaire, SF-36, and compared the data to values

obtained in a population without OI. Patients with mild,

moderate, and severe OI all had lower mean scores on

domains describing physical HRQoL and a lower mean

physical component score compared to the general popu-

lation, p\ 0.001. Patients with severe OI had lower mean

scores on physical HRQoL, p\ 0.05. The scores on

domains reflecting mental HRQoL were more inhomoge-

nously affected, but did not differ significantly from the

general population. OI has an impact on physical and some

aspects of mental HRQoL. The scores on physical health

were correlated to severity of the OI disease. The mental

component score in the OI patients was unaffected and

comparable with the general population.
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Introduction

Osteogenesis imperfecta (OI) is a rare hereditary disorder

of the connective tissue leading to fractures and a wide

range of other physical signs and symptoms that include

pre-senile hearing loss, dental abnormalities, blue sclera,

growth deficiency, bone deformities, and hypermobility

[1–3]. The clinical severity ranges from perinatal lethality

to early onset osteoporosis as described in the Sillence

classification (originally 1979, updated in 2014) [2, 4].

Fractures are frequent in childhood but the incidence

decreases in early adulthood and increases again with

increasing age, mimicking age-related osteoporosis

[3, 5, 6]. Other symptoms increase in severity with age,

e.g., hearing impairment and physical restrictions due to

pain, progressively deforming bones or hypermobility

[7–9]. Due to these different disabilities, health-related

quality of life (HRQoL) may be affected in OI and the

potential impact of skeletal as well as non-skeletal phe-

notypes may also vary significantly depending on OI type

and age [10, 11].

HRQoL consigns to the perception of disease and its

influence on physical and mental well-being [12]. The
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effect of OI on HRQoL in adults has been very sparsely

investigated [10, 13, 14]. Thus, a recent systematic review

[15] included only three studies involving adults with OI

[10, 13, 16] as well as one study focusing on the impact of

having a severely affected child with OI in the family [17].

The three studies investigating QoL in OI included less

than 30 patients and did not consistently include patients

with OI type I, III, and IV. Knowledge about how OI

affects HRQoL may provide the grounds for focusing

treatment and support to the needs of the patients in this

disorder that can only be treated symptomatically [18]. The

aim of the present study therefore was to assess HRQoL in

a large cohort of clinically well-characterized adult Danish

OI patients (OI type I, III, and IV) and compare the out-

come to HRQoL in the general Danish population. We

tested the hypothesis that there was no difference between

HRQoL in OI patients compared to healthy controls. Sec-

ondly, we aimed to investigate whether specific OI symp-

toms affect HRQoL, in order to increase awareness of these

symptoms in the management of patients with OI.

Materials and Methods

Study Population

The study population consists of 85 adult OI patients as

described previously [19]. One patient died before the end

of the study and is not included in this study.

Health-Related Quality of Life Measure

HRQoL was assessed by SF-36 version 1 [20]. This is a

validated multidimensional measure of QoL consisting of

36 questions in eight sub domains, four physical domains

and four mental domains. The physical domains include

physical functioning (PF), limitations in the everyday life

due to physical health problems or physical role limitations

(RP), bodily pain (BP), and perception of general health

(GH). The mental domains include: vitality (VT), social

functioning (SF), role limitations due to emotional prob-

lems (RE), and perception of mental health (MH). Within

each domain the score ranges from 0 to 100, with a higher

score reflecting a better self-reported HRQoL. In accor-

dance with Ware et al. physical and mental domains were

combined into the Physical Component Summary (PCS)

and Mental Component Summary (MCS) [21]. Ware et al.

described this method and reported validated values of PCS

and MCS originating from investigations of the general

American population [21]. Bjorn et al. investigated this in a

large Danish cohort of healthy adults and these data were

used for comparison in this study [22, 23].

Medical History and Clinical Assessments

All patients underwent a systematic interview and clinical

examination [19]. Information was collected about educa-

tional status (no high school, high school, basic training,

under graduate, graduate) and family predisposition.

Anthropometric markers included body height (without

shoes, by wall mounted stadiometer when possible, alter-

natively measuring tape), weight (lightly clothed without

shoes), sitting height (1 m ruler), arm span (by wall

mounted scale), and head circumference (measuring tape).

General signs of OI included scleral color (white/colored),

number of self-reported previous fractures, self-reported

hypermobility (e.g., if the patient had sprain problems),

self-reported daily pain, and degree of mobility (normal,

assisted, or wheelchair). All patients were invited to

undergo clinical and radiographic dental examinations for

the diagnosis of dentinogenesis imperfecta (DI), audiologic

evaluations by an audiologist, and ophthalmologic inves-

tigations to assess hearing loss and visual impairment,

respectively (manuscript in preparation). The original Sil-

lence classification was applied to all patients as mild (OI

type I), moderate (OI type IV), or severe (OI type III) [2].

OI severity was defined as OI type graded by severity.

Statistics

All parameters were tested for normal distribution by his-

tograms and q–q plots. Normally distributed data were

compared between groups using analysis of variance

(ANOVA) and data not normally distributed were tested

using non-parametric tests. The numbers of fractures were

normally distributed after log transformation. Comparison

between the patients and normative data was done with

one-sample t test or one-sample Wilcoxon Signed-Rank

test as appropriate. Simple linear regression was performed

to investigate the influence of specific variables (OI

severity, age, educational level, fracture within 24 months)

on PCS and MCS, and R2-values and p-values were

reported accordingly. Validity was evaluated by scatter

plots and investigations of residuals. The significance level

was p\ 0.05. Statistical analyses were performed using

SPSS version 20.0 (Chicago, IL).

Results

Baseline and clinical characteristics of this cohort are

reported in Table 1. Mean age was 45 [18–78] years. In

this cohort 92% had colored sclera, 52% had impaired

hearing, 25% suffered from dentinogenesis imperfecta

(DI), 65% suffered from hypermobility, 77% were inde-

pendent walkers, and 12 and 11% were wheelchair users
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and assisted walkers, respectively. Pain was reported by 49,

and 24% of the cohort had suffered a fracture within

24 months. Sixty-nine percent had family members with

OI. Nine percent of the cohort had stopped school before

high school; in 5% high school was the highest education.

The remaining had an education of basic training (37%),

undergraduate (30%), or graduate-level (19%). One patient

in the cohort did not work due to mental issues. No patients

reported previous hospitalization in a psychiatric

department.

Table 2 shows the results of the 8 SF-36 domains and

the 2 summary component scores of the 84 OI adults. In the

four physical domains the mean for all three types of OI

was significantly below the mean of the general Danish

population (p\ 0.01 for all). Thus, physical function (PF)

was 72.8 ± 26.4 (mean ± SD), 20.9 ± 21.5, and

64.7 ± 30.4 for OI type I, III, and IV, respectively versus

88.2 ± 19.8 in the general Danish population. The same

pattern of differences was seen in the remaining three

domains. Using ANOVA the three OI types only differed

significantly with respect to PF (p\ 0.05) where the score

for OI type III was significantly lower than for OI type I

and IV (p\ 0.001). Regarding the physical component

score (PCS) the pattern was the same. All OI types had

significantly lower PCS scores than the general Danish

population (40.5 ± 11.5, 30.5 ± 9.4, and 39.2 ± 11.5 for

OI type I, III, and IV, respectively vs. 51.2 ± 8.8 in the

general Danish population, p\ 0.01) and using ANOVA

the three OI types differed significantly (p\ 0.05) with the

score for OI type III being significantly lower than that for

OI type I and IV (p\ 0.05), Fig. 1.

Linear regression analysis showed that increased age

(R2 = 0.10, p = 0.003) and increased OI severity

(R2 = 0.07, p = 0.015) were significantly correlated with a

lower PCS. PCS did not correlate with educational level

(0.3) or fracture within 24 months (p = 0.5).

The four mental domains are depicted in Table 2. The

scores reflecting vitality (VT), social function (SF), and

role limitations due to mental health (RE) were generally

Table 1 Basic and clinical characteristics in the three OI types

OI type I III IV Total

n 58 11 15 84

Gender, m/f (n) 24/34 7/4 7/8 38/46

Colored sclera (%) 98 100 60 92

Hearing loss (%) 53 100 25 52

DI (%) 2 86 85 25

Hypermobility (%) 66 73 54 65

Amb (%) 95 0 71 77

Pain (%) 50 55 43 49

Recent fracture (%) 29 25 7 24

OI predisposition (%) 82 0 71 69

Education (%) 88 55 86 76

m/f male/female, DI dentinogenesis imperfecta, Amb independent

ambulation, Recent fracture within previous 24 months. Education

beyond elementary school

Table 2 SF-36 scores in OI types and in the general population

OI type (n) I(58) III(11) IV(15) Norm PANOVA (non-parametric)

Physical domains

PF(±SD) 72.8 ± 26.4# 20.9 ± 21.5**# 64.7 ± 30.4# 88.2 ± 19.8 \0.001

RP (25th;75th) 25(0;100)# 25(0;100)# 25(0;100)# 100(75;100) (0.98)

BP (±SD) 59.3 ± 28.4# 60.6 ± 28.6# 64.0 ± 27.2# 79.2 ± 23.3 0.85

GH (±SD) 60.4 ± 22.5# 63.1 ± 24.3 55.5 ± 24.8# 76.2 ± 20.1 0.68

PCS (±SD) 40.5 ± 11.5# 30.5 ± 9.4*# 39.2 ± 11.5# 51.2 ± 8.8 0.030

Mental domains

VT (±SD) 59.3 ± 24.9# 63.2 ± 22.6 55.3 ± 27.4# 69.8 ± 20.0 0.73

SF (25th;75th) 100 (75;100)# 100 (62.5;100)# 100 (87.5;100)# 100 (87.5;100) (0.79)

RE (25th;75th) 100 (33;100)# 100 (33;100) 100 (0;100)# 100 (100;100) (0.49)

MH (±SD) 79.9 ± 15.9 82.2 ± 10.3 78.9 ± 21.5 81.8 ± 15.5 0.88

MCS (±SD) 52.7 ± 10.3 60.6 ± 8.7# 53.0 ± 12.5 54.0 ± 8.4 0.079

Data shown as mean ± SD or median (interquartile range) as appropriate. p-values: ANOVA or non-parametric test

PF physical function, RP role physical, BP body pain, GH general physical health, PCS physical component score, VT vitality, SF social

function, RE role emotional, MH mental health, MCS mental component score

#Versus Danish norm, p\ 0.01; *between OI types p\ 0.05; **between OI types p\ 0.001
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lower than in the general Danish population. VT scores

were significantly reduced in patients with OI type I

compared to the general Danish population (p = 0.02),

whereas SF was reduced in patients with OI type I, III, and

IV compared to the general Danish population (p\ 0.001,

p = 0.043, and p = 0.042, respectively). The RE scores

were significantly reduced in patients with OI type I and IV

compared to the general Danish population (p\ 0.001 and

p = 0.024, respectively). The mental health (MH) scores

were 79.9 ± 15.9, 82.2 ± 10.3, 78.9 ± 21.5, and

81.8 ± 15.5 for OI type I, III, and IV and the general

Danish population, respectively. There were no differences

between any OI type and the general Danish population or

between OI types (p[ 0.05 for all). The mean mental

component score (MCS) was 52.7 ± 10.3, 60.6 ± 8.7, and

53.0 ± 12.5 for OI type I, III, and IV, respectively versus

54.0 ± 8.4 in the general Danish population. In this case

the score was in fact significantly higher in OI type III

compared to the general Danish population (p\ 0.05)

whereas there was no difference between OI types.

Linear regression analysis showed that lower MCS was

significantly correlated with lower educational level

(R2 = 0.099, p = 0.006), but MCS did not correlate sig-

nificantly with OI severity (p = 0.05), age (p = 0.5), or a

fracture within 24 months (p = 0.2).

Discussion

In the present study, we evaluated health-related quality of

life in a large group of adult patients with OI and which

factors affect HRqOL. Our study showed that OI affected

HRQoL with a considerable effect on physical and to a

smaller degree also on mental health. QoL in adult OI has

previously been sparsely investigated. Three other studies

investigated the topic in smaller cohorts within the last two

decades.

In a cross-sectional setting Widmann et al. [13] inves-

tigated QoL in 30 adults with OI categorized by the pres-

ence of fractures before or after birth using SF-36. They

found impaired physical health compared to the American

general population, and lower values in patients charac-

terized by having suffered fractures prenatally compared to

the patients less severely affected. Mental health was

comparable to the American general population.

Another study by Widmann et al. showed that the degree

of scoliosis and thereby decreased vital capacity reduced

the physical but not the mental QoL using SF-36 [16].

In a prospective, cross-sectional study Balkefors et al.

[10] investigated quality of life (by SF-36) and life satis-

faction (questionnaires) in 29 adults with mild to moderate

OI and concluded that despite preserved physical mobility

the physical HRQoL was reduced but the life satisfaction

was high.

In the present study, OI patients reported lower scores

than the general Danish population in all of the four

physical health domains of SF-36 and in the PCS. This

reflects a debilitating disease where every day physical

exercises such as running, walking, or climbing stairs are

significantly impaired and obvious limitations due to

physical disease are present. Even in OI patients who are

less affected by physical disabilities, a disease like OI may

affect physical behavior. It is possible that OI patients, as

time goes by, adapt by being more careful and thereby less

physically active compared to individuals without bone

fragility.

Three of the four mental domains were also significantly

affected, though to a smaller extent and with a greater

variation than the four physical domains. Vitality (VT) and

social function (SF) were significantly reduced, as were

limitations due to mental health (RE). The combined score

describing the general mental health (MCS), however, was

not affected compared with the general population. Patients

with OI type III even had significantly higher values. In

general, there is a weak positive correlation between

physical and mental SF-36 scales. In the calculation of PCS

and MCS the correlation between the two components is 0

[22]. This compensation is introduced by adding a small

negative weight to physical scales in the calculation of

MCS. This means that very low physical SF-36 scores (as

in OI type III) will generate a higher MCS than expected

from the mental SF-36 scale result. This may explain at

least part of the high MCS in patients with OI type III.

However, none of the mental scale results in OI type III are

numerically below the respective results in OI type I or IV,

indicating a preserved mental health-related quality of life

in these most severely affected patients. This corresponds

well with previous descriptions of OI patients [24, 25].

Q
oL

Sc
or

e 
(p

oi
nt

s)

OI      non OI      OI non OI
PCS                   MCS     

80

60

40

20

0

p<0.001

PCS:physical component score. MCS: mental component score

p<0.001

Fig. 1 Physical and mental component scores in OI and non OI

476 J. D. Hald et al.: Health-Related Quality of Life in Adults with Osteogenesis Imperfecta

123



Studies debate whether patients sustaining years of medical

challenges develop a certain behavioral phenotype. In

interviews including 55 adult patients with OI, the adults

are described as endurable and very resilient with a pos-

sible environmental component due to the excessive

physical challenges early in life [24]. However, observa-

tions of children with OI also describe a surprisingly

unaffected emotionality [25]. In the context of describing

quality of life in an adult population with OI it is important

to note, that SF-36 is a general questionnaire that does not

take a specific disease-related issues into account.

A higher level of education was significantly associated

with better MCS. A higher educational level is in general

an important trait that affects mental HRQoL in a positive

direction as described in several other conditions [26–29].

We speculate that OI patients as well as others with the

capabilities to educate and work are generally more satis-

fied in life and less affected by physical challenges. If a

patient due to a disease is unable to begin and complete an

education and get a job, that patient will constantly be

reminded of the underlying disease and how it affects life

in general.

The general impression of good quality of life implies

with being in good health. Does this imply that patients

with physical disabilities like OI can be considered in bad

health and unable to possess a high level of subjective

well-being and life satisfaction? This study clearly

opposes this notion. A pattern similar to what we describe

here is found in HRQoL studies in other conditions with

inborn impaired physical health, such as cerebral palsy.

Here physical health parameters are also decreased, with

no effects on the mental parameters [30]. Moreover, it has

been described that in congenital heart disease, children at

a young age are challenged to develop a sense of

coherency caused by extreme experiences derived by the

disease [31]. We speculate whether this could reflect an

adaptation to the limitations of a congenital disease and

lifelong symptoms. Such experiences may affect individ-

uals, also in adulthood [24]. Previous studies debate the

paradox of good quality of life despite physical disabili-

ties, and conclude that quality of life is just as much a

matter of balance of body and mind, and abilities to cope

with confronting problems [24, 32]. Both social and

cognitive means may have an important impact on gen-

eral health-related life quality [33]. Concepts and factors

influencing quality of life may well differ among indi-

viduals, depending on the presence of physical disability

[32]. Clinical departments taking care of patients with OI

should be able to engage in discussions with the patients

about education and worklife and encourage education

among OI patients in order to improve HRQoL. The fact

that OI predominantly affects HRQoL through the phys-

ical domains may indicate that improved medical

treatment for the prevention of fractures and attention to

skeletal effects of OI may lead to improved HRQoL

among adult patients with OI.

The patients in this cohort were classified according to

the original Sillence classification [2]. The results did not

show differences between patients with mild and moderate

OI. The results were not affected if the more recent clas-

sification from Dijk et al., 2014 [4] was used comparing

patients with ‘common variable OI with normal sclerae’

and ‘non-deforming OI with blue sclerae’ (Data not

shown).

Strengths of the present study include its size as it

includes more patients than any previous study investi-

gating HRQoL. In addition, the patients are well charac-

terized and genetically confirmed cases of OI. HRQoL is a

difficult measure to obtain; however, SF-36 is a well val-

idated and widely used questionnaire. Limitations are that

SF-36 is a generalized questionnaire, and therefore not

developed to describe patients with skeletal challenges. It

does not take recent events into account such as whether

the responder has had a recent fracture. Other limitations

are that the control group is historical and did not allow

sex- and age-matched controls. Further, the control data

only enables us to perform one-sided t-tests, increasing the

chance of low p-values. However, the p-values in the

present study were generally below 0.01 which decreases

the risk of false-positive tests at the 0.05 level.

In conclusion, we have investigated the effect of OI and

the different types of OI on HRQoL and demonstrated that

OI affects physical and to some extent also mental HRQoL.

The scores on physical health were correlated to the

severity of OI. The mental component score in the OI

patients was unaffected and comparable with the average

of the general population.
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