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Abstract
Introduction  Osteogenesis imperfecta (OI) is a rare disorder causing multiple fractures throughout life. No treatment has 
been shown to reduce the risk of fractures in OI. Here, we present the baseline characteristics of participants in the Treat-
ment of Osteogenesis Imperfecta with Parathyroid Hormone and Zoledronic Acid (TOPaZ) trial. The aim of the trial is to 
determine whether teriparatide and zoledronic acid are superior to standard care in reducing the risk of clinical fractures.
Methods  We summarised data on the baseline characteristics of TOPaZ participants, including demographics, genetic 
diagnosis, clinical features, bone density measurements, previous treatments, and fracture history.
Results  We recruited 350 adults with a clinical diagnosis of OI in 27 European referral centres between June 2017 and Octo-
ber 2022. Overall, 266 (76.2%) had type I OI, 55 (15.8%) had type IV, and 19 (5.4%) had type III. The type was unknown in 
9 (2.6%). Blue sclera were noted in 80.8%, and 35.8% had dentinogenesis imperfecta. Bisphosphonates had been adminis-
tered to 28.1% in the 2 years prior to enrolment. Pathogenic variants in COL1A1 or COL1A2 were found in 87.6%. Fractures 
occurring in the 2 years prior to enrolment were not associated with bone density.
Conclusions  The TOPaZ population represents a unique cohort with which to study the genetic epidemiology and outcome 
of OI in relation to bone density and biochemical markers of bone turnover. When the trial reports, it will also provide new 
insights into the effect of an anabolic therapy, followed by antiresorptive treatment in the management of OI.
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Introduction

Osteogenesis imperfecta (OI) is a rare connective tissue dis-
order causing multiple fractures throughout life. The main 
impact of the disease is on the skeleton, and population-based 
studies indicate that there is an eightfold increase in frac-
tures in people with OI as compared with population-based 
controls [1, 2]. This is most marked during childhood but 
persists throughout life [2]. Osteogenesis imperfecta is also 

associated with impaired muscle function and strength and is 
often associated with immobility [3] which further increases 
the risk of fracture. Major advances have been made in under-
standing the pathogenesis of OI over recent years. At the pre-
sent time, more than 20 subtypes of OI have been described 
due to pathogenic variants in genes that influence production, 
modification, folding, and crosslinking of type I collagen, as 
well as bone mineralisation and osteoblast function or differ-
entiation [4]. In addition to causing increased bone fragility, 
OI is associated with an increased risk of cardiovascular and 
respiratory disease [5] craniofacial disease [6], gastrointes-
tinal problems [5] and osteoarthritis [7] as well as problems Extended author information available on the last page of the article
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with tendons and ligaments [1]. Pain and fatigue are common 
symptoms, but the underlying causes are not well understood 
[8]. There is no licensed medical treatment for osteogenesis 
imperfecta, but intravenous and oral bisphosphonates are 
widely used in clinical practice for the treatment of OI in 
adults and children. There is good evidence that these drugs 
increase bone mineral density (BMD) versus placebo, but 
they have not been shown to prevent fractures [9, 10]. This 
observation illustrates that OI is quite distinct from osteo-
porosis, even though both conditions are associated with an 
increased risk of fractures. There have been relatively few 
randomised controlled trials of medical treatment in OI, but 
most of these have focused on medicines that increase bone 
mineral density. One of these is teriparatide, which has been 
evaluated in the treatment of adults with OI and has been 
found to increase BMD compared with placebo [11], but this 
study was not powered to look at fracture risk [11]. Another 
medicine under development is setrusumab, which is a mono-
clonal antibody directed against sclerostin. The dose-ranging 
phase 2b Asteroid study of setrusumab has been completed, 
and positive effects on bone density were demonstrated over 
12 months, but this was a small study, and no differences 
in annualized fracture rates between different doses were 
observed [12].

With this background, we have designed the Treatment 
of Osteogenesis Imperfecta with Parathyroid Hormone and 
Zoledronic Acid (TOPaZ) trial to determine if the bone ana-
bolic medicine teriparatide, followed by the bisphosphonate 
zoledronic acid to maintain increases in BMD that might 
occur, would be beneficial in reducing the risk of clinical 
fractures in adults with OI. We have previously published the 
protocol of this study [13] and here, we present the baseline 
characteristics of the participants enrolled in TOPaZ. As 
well as describing the participant characteristics, we present 
an analysis of the relation between Sillence type and BMD, 
the proportion of individuals with normal BMD, osteo-
penia, and osteoporosis, and the relation between type of 
pathogenic variant, bone density, and bone turnover markers. 
The TOPaZ trial is the first trial in which this combination 
of agents has been used and, to our knowledge, is the first 
trial that has been designed in which clinical fractures are a 
primary outcome. Due to the large number of participants, 
this trial will provide data on fracture prevention with these 
agents, as well as clinical and genetic data in a large, well-
characterized cohort of adults with OI.

Patients and Methods

Study Design

The TOPAZ trial (Registration number ISRCTN15313991) 
is a multicenter open-label randomised parallel-group trial 

that was designed to determine if a 2-year course of bone 
anabolic therapy with TPTD followed by a single infusion of 
ZA to maintain the increase in BMD is superior to standard 
care at reducing the risk of new clinical fractures in adults 
with OI. The design of the TOPAZ trial has previously been 
reported [13]. Treatment of participants allocated to standard 
care was left to the discretion of the local investigator and 
could involve antiresorptive drugs like bisphosphonates or 
denosumab, calcium, and Vitamin D supplements, or Vita-
min D supplements alone, or no bone-targeted treatment. 
Bone anabolic drugs like teriparatide, romosozumab, and 
investigational drugs were prohibited in the standard care 
arm.

Recruitment

Potential participants at each study centre were approached 
directly as they attended routine outpatient clinic visits or 
by telephone or letter. Participants were invited to take part 
in the TOPaZ trial if they had a clinical diagnosis of OI and 
did not have a contraindication to the use of ZA or TPTD. 
Written informed consent was obtained from all participants 
by the local principal investigator or a delegated member 
of the study team. The inclusion and exclusion criteria for 
participation in the trial have been published previously [13]. 
Key inclusion criteria were those aged 18 and over with a 
clinical diagnosis of OI. Participants with a contraindication 
to ZA or TPTD were excluded. Enrolment into the study 
took place at 27 centres in five European countries between 
June 2017 and February 2023. The last patient, last visit was 
on February 22nd 2025, and the study end date was 31st 
July 2025. The results are expected to be available before 
the end of 2025.

Clinical Assessments

We recorded height, weight, and sex. Local investigators 
were asked to examine patients and note the presence of 
blue sclera, dentinogenesis imperfecta, bone deformity, and 
use of a hearing aid for deafness. Comorbidities, alcohol 
intake, and smoking habits were recorded by interview cou-
pled with an evaluation of the participants’ health record. 
Participants were asked to report fractures in the previous 2 
years and fractures throughout life. We also recorded use of 
bone-targeted treatment in the two years prior to enrolment 
and throughout life.

Genetic Testing

All participants were offered genetic testing as part of the 
protocol. This was achieved by targeted exome sequenc-
ing in a panel of 16 genes previously associated with OI 
[13]. All pathogenic variants were documented by Sanger 
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sequencing. Pathogenicity was determined by ACMG 
criteria [14]. Pathogenic variants were further classified 
into three subgroups: those that were expected to result in 
haploinsufficiency due to nonsense-mediated RNA deg-
radation (quantitative variants); those expected to result 
in a change to the protein sequence (qualitative variants); 
and those affecting a splice site where the consequences 
on protein structure and RNA degradation were unclear 
(splice site variants).

Biochemical Measurements

Serum creatinine, serum calcium, serum total alkaline phos-
phatase, and albumin were analysed at participating centres 
by the local laboratories according to standard techniques. 
Estimated glomerular filtration rate (eGFR) was calculated 
from serum creatinine, age, and weight using the Cockcroft-
Gault equation. We did not implement cross-calibration of 
these bloods between centres as they were primarily per-
formed as safety assessments.

Measurements of PINP and CTX were performed at 
the bioanalytical facility at the University of East Anglia 
using an Electrochemiluminescence immunoassay (ECLIA) 
on a Cobas e601 analyser (Roche Diagnostics, Germany). 
The inter-assay coefficient of variation (CV) for CTX 
was ≤ 3% between the measuring range 0.01 and 6.00 µg/L 
with the sensitivity of 0.01 µg/L. The reference range was 
0.16–0.85 µg/L. The PINP inter-assay CV was ≤ 3% between 
the assay range of 5–1200 µg/L with the sensitivity of 
5 µg/L. The reference range was 20–76 µg/L. The inter-assay 
coefficient of variation (CV) for CTX was ≤ 3% between 0.2 
and 1.5 µg/L with the sensitivity of 0.01 µg/L. The reference 
range was 0.16–85 µg/L.

Bone Mineral Density

Bone mineral density (BMD) was measured by dual x-ray 
energy absorptiometry (DXA) at the spine and hip accord-
ing to standard techniques at the participating centres. In 
38%, the assessments were done using Hologic Discovery 
machines; in 27%, Hologic Horizon machines were used, 
and in 35%, Lunar machines were used. Data were expressed 
as g/cm2 and as T-scores, which were generated based on 
the manufacturer’s reference ranges. Repeat BMD measure-
ments in individual participants were performed on the same 
densitometer. We did not attempt to cross-calibrate the BMD 
results across centres since the primary endpoint of the study 
was clinical fracture, and the reason for performing BMD 
measurements was to evaluate the effects of the interventions 
on BMD as an explanatory variable within patients rather 
than to compare changes in BMD between centres.

In several participants, BMD measurements were 
not feasible for technical reasons at specific sites. For 

measurements at the hip, the most common reason for miss-
ing data was metalwork in place because of previous surgery. 
For measurements at the spine, the most common reasons 
for missing data include metalwork in place as well as pre-
existing vertebral compression fractures in the lumbar spine, 
and co-existing osteoarthritis or degenerative disk disease at 
the lumbar spine. The decision to exclude a site for BMD 
measurement in individual participants was left to the dis-
cretion of radiographers at the participating centres accord-
ing to their local standard operating procedures.

Vertebral Fractures

The presence and severity of vertebral fractures was evalu-
ated on lateral spine x-rays which were obtained at baseline 
and the end of study. Anonymized images were uploaded 
to the study database and evaluated by two expert muscu-
loskeletal radiologists blinded to treatment allocation who 
recorded the site and severity of vertebral fractures using the 
Genant semiquantitative method [15]. The categories used 
were mild (20–25% height loss), moderate (25–40% height 
loss), and severe (> 40% height loss). These assessments 
were done using vertebral height measurements. We did 
not routinely perform double evaluations. If an adjudicator 
was uncertain about the presence or severity of a vertebral 
fracture, they were instructed to seek a second opinion from 
the other adjudicator and reach a consensus. However, in 
practice, this was not required for any of the adjudications 
performed in the study.

Statistical Analysis

Statistical analysis was performed using SPSS version 29. 
Differences between groups for continuous variables were 
assessed by ANOVA for normally distributed data or the 
Mann–Whitney test for data that were not normally distrib-
uted. We used the general linear model ANOVA to analyse 
differences between biochemical markers of bone turnover 
and bone density in relation to the type of pathogenic vari-
ant, with the addition of recent bisphosphonate treatment 
into the model. For this analysis, differences between groups 
were evaluated by post-hoc testing.

Results

We recruited 350 participants to the trial from 27 referral 
centres located in five different countries, but one with-
drew from the study, requesting no further contact or use 
of their data, leaving a final sample size of 349 subjects 
where data were available for analysis. The distribution was 
UK (n = 303, 86.5%), Republic of Ireland (n = 10, 2.9%), 
The Netherlands  (n = 9, 2.6%), France (n = 10, 2.9%), and 
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Denmark (n = 18, 5.2%). Relevant clinical characteristics 
of the study population are shown in Table 1. The average 
age was 43.7 years (range 18–84 years). The average height 
was 156 cm (range 75–187 cm), average weight was 69.7 kg 
(range 17–160  kg), and average BMI was 28.7 (range 
17–79). In total, 188 (53.9%) of participants were female, 
and of these women, 73 (38.8%) were postmenopausal. In 
266 (76.2%), the Sillence Classification was type I osteogen-
esis imperfecta; in 55 (15.8%), type IV; and 19 (5.4%), type 
III. The type was coded as unknown in 9 (2.6%). On physi-
cal examination, 282 (80.8%) had blue sclera, 125 (35.8%) 
had dentinogenesis imperfecta; 68 (27.3%) used a hearing 
aid for deafness, and 220 (63.0%) were considered to have 
bone deformity. Measurements of BMD were possible at 
the spine in 322 individuals (92.3%), at the femoral neck 
in 285 (81.7%), and at the total hip in 284 (81.4%). In the 
remainder, measurements were not feasible due to metal-
work and other image artefacts that prevented an accurate 
assessment of BMD. The BMD T-scores were lowest at 
the lumbar spine, with an average T-score value of -2.15, 
followed by femoral neck (T score = − 1.48) and total hip 
(T-score = − 1.23).

Genetic Testing

The results of genetic testing were available on 348 individu-
als. Pathogenic variants in COL1A1 were detected in 221 
(63.3%) and in COL1A2 in 85 (24.4%). Pathogenic variants 
in FKBP10 were detected in 3 (0.9%), IFITM5 in 3 (0.9%), 
P3H1 in 1 (0.3%), PLS3 in 1 (0.3%), SERPINF1 in 1 (0.3%), 
and BMP1 in 1 (0.3%). One individual had a pathogenic 
variant in CRTAP but in heterozygous form. This was con-
sidered a variant of uncertain significance, given that OI 
secondary to CRTAP variants is a recessive condition with 
biallelic pathogenic variants.

Previous Fractures

Information on previous self-reported fractures was available 
in all 349 individuals. The median number of fractures per 
patient in the two years prior to enrolment was 0 [range 0–8], 
but prior to this, the median per patient number of fractures 
was 11 [range 0–257]. A total of 2571 self-reported fractures 
occurred in the study cohort overall. Of these, 831 (32.3%) 
were reported to have occurred at age less than 10 years; 
866 (33.7%) were reported to have occurred between 10 
and 20 years of age; and 789 (30.7%) were reported to have 
occurred above the age of 20 years. The time of fracture 
was not recorded in 85 instances (3.3%). Radiologically 
confirmed vertebral fractures were present at baseline in 
177 (51.0%) individuals. In 156 individuals, fractures were 
in the thoracic spine, and in 95 individuals, they were in 

Table 1   Clinical, genetic and biochemical characteristics of Study 
Population

Values are mean ± SD, numbers (%), or median [range] for fractures 
serum PINP and serum CTX
1 Data on alcohol smoking and hearing aid use were available on 249 
participants
2 Pathogenic variants were also found FKBP10 (n = 3), IFITM5 
(n = 3), P3H1 (n = 1), SERPINF1 (n = 1), and BMP1 (n = 1). Refer-
ence ranges for the biochemical analytes are shown in the methods 
section

Variable Value

Number of participants 349
Age 43.7 ± 13.8
Female sex 188 (53.9%)
Height (cm) 156 ± 17.0
Weight (Kg) 69.7 ± 19.3
Body Mass Index (Kg/M2) 28.7 ± 7.1
Current smoker1 58 (23.3%)
Alcohol use1 144 (57.8%)
Sillence classification
Type I 266 (76.2%)
Type III 19 (5.4%)
Type IV 55 (15.8%)
Not classified 9 (2%)
Clinical examination
Blue Sclera 282 (80.8%)
Dentinogenesis imperfecta 125 (35.8%)
Hearing aid use1 68 (27.3%)
Bone Deformity 220 (63.0%)
Genetic analysis
Pathogenic variant COL1A1 218 (62.6%)
Pathogenic variant COL1A2 83 (23.9%)
Pathogenic variant other gene2 9 (2.5%)
Variant of uncertain significance 7 (2.0%)
No pathogenic variant detected 31 (8.9%)
Bone Mineral Density
Lumbar spine BMD (g/cm2) 0.856 ± 0.187
Lumbar spine T-score  − 2.15 ± 1.76
Femoral neck BMD (g/cm2) 0.741 ± 0.148
Femoral neck T-score  − 1.48 ± 1.26
Total hip BMD (g/cm2) 0.827 ± 0.145
Total hip T-score  − 1.23 ± 1.24
Participants with previous fractures
Within past 2 years 163 (46.7%)
More than 2 years ago 333 (95.4%)
Participants with ≥ 1 vertebral fracture at baseline 177 (51.0%)
Biochemistry
eGFR ml/min 118 ± 45.7
Serum Alkaline phosphatase U/L 83.0 ± 26.0
Serum PINP µg/L 32.2 [7.9-190.2]
Serum CTX µg/L 0.18 [0.01–0.83]
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the lumbar spine. There was no significant difference in the 
number of participants with fractures in the two years prior 
to enrollment in subjects with normal BMD, osteopenia and 
osteoporosis (Figure 1).

Comorbidities

Data on comorbidities were available in 249 subjects. 
Asthma was present in 50 (20.1%) and COPD in 5 (2.0%). 
There was a history of cardiovascular disease in 32 (12.9%), 
cerebrovascular disease in 7 (2.8%), and peripheral vascular 
disease in 1 (0.4%). Osteoarthritis of the spine was present 
in 39 (15.7%), of the hips in 39 (15.7%), of the knees in 49 
(19.7%), and of the hands in 35 (14.1%). There was a previ-
ous diagnosis of psoriasis in 10 (4%) and of eczema in 23 
(9.2%), and a history of cancer in 11 (4.4%). There was a 
previous diagnosis of epilepsy in 13 (5.2%). One individual 
(0.4%) had a diagnosis of polymyalgia rheumatica, 2 (0.8%) 
had a diagnosis of rheumatoid arthritis, and 2 (0.8%) had a 
diagnosis of ankylosing spondylitis. Hypothyroidism was 
reported in 18 participants (7.2%).

Previous Bone Targeted Treatment

Previous use of bone targeted treatments is summarised in 
Table 2. Overall, 98 individuals (28.1%) had received any 
bisphosphonate at randomization or in the 2 years prior to 
randomization of which 34 (9.7%) had used ZA, followed 
by alendronic acid in 31 (8.9%), risedronate in 18 (15.2%); 
ibandronate in 2 (0.6%) and pamidronate in 17 (4.9%). Other 
bone targeted medications used in the 2 years prior to enroll-
ment included calcium and Vitamin D supplements in 59 

Fig. 1   Recent fractures in relation to the presence of normal BMD 
osteopenia, and osteoporosis at baseline. Columns are means and 
standard deviations with individual values  shown as circles. Panel 
A, Lumbar spine BMD; panel B, Femoral Neck BMD, Panel C Total 
Hip BMD. There was no significant difference between recent frac-
ture numbers in categories of patients with normal BMD, osteopenia 
and osteoporosis at any skeletal site

Table 2   Use of bone targeted medicines in study population

Recent use refers to use of the medication at the time of randomiza-
tion or within the previous two years. The numbers add up to more 
than 100% since participants may have received more than one medi-
cation

Drug Within previous 
two years

More than two 
years previ-
ously

Bisphosphonates 98 (28.1%) 245 (70.2%)
Zoledronic acid 34 (9.7%) 75 (21.5%)
Alendronic acid 31 (8.9%) 97 (27.8%)
Risedronate 18 (5.2%) 68 (19.5%)
Ibandronate 2 (0.6%) 11 (3.2%)
Etidronate 1 (0.3%) 1 (0.3%)
Pamidronate 17 (4.9%) 80 (22.9.%)
Non bisphosphonates 173 (49.6%) 190 (54.4%)
Calcium and vitamin D sup-

plements
59 (16.9%) 69 (19.8%)

Vitamin D supplements 152 (43.6%) 163 (46.7%)
Teriparatide 1 (0.3%) 8 (2.3%)
Denosumab 3 (0.9%) 5 (1.4%)
Strontium ranelate 1 (0.3%) 4 (1.1%)
Calcitonin 0 (0%) 3 (0.9%)
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(16.9%) Vitamin D supplements in 152 (43.6%) denosumab 
in 3 (0.9%) strontium ranelate in 1 (0.3%), and teriparatide 
in 1 (0.3%) Overall, 245 (70.2%) of participants had been 
treated with bisphosphonates in the past. The most com-
monly used were alendronic acid in 97 (27.8%), pamidronate 
in 80 (22.9%), risedronate in 68 (19.5%), and zoledronic acid 
in 75 (21.5%). Other medicines used in in the past, included 
calcium and Vitamin D supplements in 69 (19.8%), Vitamin 

D supplements in 163 (46.7%) teriparatide in 8 (2.3%), deno-
sumab in 5 (1.4%) strontium ranelate in 4 (1.1%), and cal-
citonin in 3 (0.9%).

Association Between Osteogenesis Imperfecta 
Subtype and Bone Density

Analysis of associations between Sillence subtypes and the 
presence of normal BMD, osteopenia, and osteoporosis is 
shown in Table 3. Pearson’s Chi-Square analysis showed 
that there was a significant overall difference between Sil-
lence subtypes and the proportion of individuals with nor-
mal BMD, osteopenia, and osteoporosis at the lumbar spine, 
femoral neck, and total hip, but interpretation of this data 
was limited by the fact that the number of observations in 
several cells was well below that of the expected counts and 
because BMD data were missing due to technical factors in 
up to 18.2% of participants. When data from all individuals 
were combined, normal BMD values at the lumbar spine 
were recorded in 62 (17.8%); osteopenia in 103 (29.5%); and 
osteoporosis in 157 (45.0%) with missing data in 27 (7.7%). 
At the femoral neck, normal BMD values were recorded 
in 72 (20.6%), osteopenia in 148 (42.4%), and osteoporo-
sis in 65 (18.6%) with missing data in 64 (18.3%). At the 
total hip, normal BMD values were recorded in 97 (27.7%), 
osteopenia in 148 (42.4%), and osteoporosis in 39 (11.2%) 
with missing data in 65 (18.6%). We also examined possible 
associations between BMD values in g/cm2 in the different 
Sillence subtypes. This data is shown in Table 4. Lumbar 
spine BMD was significantly higher in type I OI versus types 
III and IV, spine BMD in other types was higher than type 
IV, and spine BMD was significantly higher in type IV OI 
versus type III. For the femoral neck site, BMD in type I 
was higher than in type IV and femoral neck BMD in other 
types was significantly higher than both type III and IV. For 
the total hip site, there was no significant difference in BMD 
values between the groups.

Table 3   Proportions of individuals with normal BMD, osteopenia 
and osteoporosis based on T-score values according to Sillence type

Normal BMD = T score > 1.0; osteopenia T-score > -1.0 to -2.5; 
osteoporosis T-score > -2.5. Values are numbers and column (%). 
At the lumbar spine, the Pearson Chi square statistic was 55.8, with 
9 degrees of freedom giving a p-value of < 0.001. However, 7 cells 
(43.8%) had expected counts less than 5 compared with a minimum 
expected count of 0.7. Corresponding values for the femoral neck 
were 124.9 (p < 0.001) but 7 cells (43.8%) had expected counts less 
than 5 with a minimum expected count of 1.65. Corresponding val-
ues for the total hip were 120.5 (p < 0.001) but 6 cells (37.5%) had 
expected counts less than 5 with a minimum expected count of 1.01.

OI Type I 
(n=266)

OI Type IV
(n=55)

OI Type III
(n=19)

Other
(n=9)

Lumbar spine
Normal 54 (20.3%) 7 (12.7%) 0 (0%) 1 (11.1%)
Osteopenia 91 (34.2%) 10 (18.2%) 1 (5.3%) 1 (11.1%)
Osteoporosis 111 (41.7%) 31 (56.4%) 10 (52.6%) 5 (55.6%)
Missing 10 (3.8%) 7 (12.7%) 8 (42.1%) 2 (22.2%)
Femoral Neck
Normal 65 (24.4%) 4 (7.3%) 0 (0%) 3 (33.3%)
Osteopenia 131 (49.2%) 13 (23.6%) 0 (0%) 4 (44.4%)
Osteoporosis 52 (19.5%) 10 (18.2%) 3 (15.8%) 0 (0%)
Missing 18 (6.8%) 28 (50.9%) 16 (84.2%) 2 (22.2%)
Total
Total Hip
Normal 87 (32.7%) 8 (14.5%) 0 (0%) 2 (22.2%)
Osteopenia 130 (48.9%) 12 (21.8%) 1 (5.3%) 5 (55.6%)
Osteoporosis 30 (11.3%) 7 (12.7%) 2 (10.5%) 0 (0%)
Missing 19 (7.1%) 28 (50.9%) 16 (84.2%) 2 (22.2%)

Table 4   Bone mineral density 
at spine and hip in relation to 
Sillence Type

Values are mean ± standard deviation BMD in g/cm2. Significance between groups indicated by:
a p < 0.001 from type III, p = 0.046 from type IV, bp =0.003 from type III; cp = 0.019 from type III, 
dp = 0.012 from type IV; ep = 0.022 from type III and p =0.004 from type IV. For lumbar spine BMD meas-
urements were available in 260 individuals with type I, 49 with type IV, 10 with type III and 7 for other 
types. For femoral neck, corresponding values were 251 (Type I), 28 (IV), 2 (III) and 7 (other). For total 
hip corresponding values were 250 (Type I), 28 (IV) 2 (Type III) and 7 (other)

OI type I OI type IV OI type III Other

Lumbar spine 0.876 ± 0.183a 0.801 ± 0.148b 0.583 ± 0.184 0.845 ± 0.204c

Femoral Neck 0.747 ± 0.146d 0.658 ± 0.115 0.530 ± 0.049 0.867 ± 0.153e

Total Hip 0.834 ± 0.144 0.780 ± 0.128 0.600 ± 0.130 0.839 ± 0.173
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Effect of Recent Bisphosphonate Treatment 
on BMD and Biochemical Markers of Bone Turnover

The effects of recent bisphosphonate treatment on bone 
density and biochemical markers of bone turnover are 
shown in Table 5. Serum CTX values and PINP values 
were significantly lower in those who had received bis-
phosphonates in the past 2 years as compared with those 
who had not received bisphosphonates. There were no sig-
nificant differences in BMD values, expressed as g/cm2 
and T-score at the spine according to whether or not bis-
phosphonate treatment had been given in the previous 2 
years. However, femoral neck T-score, total hip BMD, and 
total hip T-scores were all significantly lower in those who 
had received recent bisphosphonate treatment as compared 
with those who had not.

Influence of Pathogenic Variant Class on BMD 
and Biochemical Markers of Bone Turnover

We evaluated the relationship between pathogenic variant 
class on BMD and biochemical markers of bone turnover. 
The associations with biochemical markers of bone turnover 
are shown in Table 6. For CTX, the subgroups of individuals 
with no variant or VUS differed significantly from those with 
quantitative, qualitative, and splice site variants, whether or 
not they had received bisphosphonate treatment, although 
the effects were most marked in the untreated group. For 
PINP, the results were similar but, in this case, qualitative 
variants also differed from quantitative and splice variants 
in the untreated group, whereas in the treated group, those 
with no variant differed from the quantitative and splice site 
variants.

Table 5   Effects of recent 
bisphosphonate treatment on 
BMD and biochemical markers 
of bone turnover

Values are means ± SD for BMD T-Scores and medians and range for CTX and PINP. For lumbar spine, 
BMD measurements were available in 93 participants who recently had been treated with bisphosphonates 
and 233 participants who had not. Corresponding numbers for femoral neck BMD were 79 and 209, and 
for total hip BMD were 79 and 208. Measurements of CTX and PINP were available on 94 participants 
who had been treated with bisphosphonates and 229 who had not. Reference ranges for CTX and PINP are 
shown in the methods section. The p-values for differences between groups for BMD T-score were calcu-
lated by t-test whereas those for CTX and PINP were calculated by Wilcoxon Test

Variable No recent bisphosphonate 
(n = 251)

Recent bisphosphonate 
(n = 98)

p-Value

Serum CTX µg/L 0.19 [0.03–0.83] 0.13 [0.01–0.63]  < 0.001
Serum PINP µg/L 35.6 [9.4–190.2] 23.1 [7.9–175.1]  < 0.001
Lumbar spine BMD (g/cm2) 0.856 ± 0.187 0.853 ± 0.186 0.912
Lumbar spine T-score  − 2.08 ± 1.84  − 2.28 ± 1.53 0.378
Femoral neck BMD (g/cm2) 0.750 ± 0.147 0.714 ± 0.145 0.070
Femoral neck T-score  − 1.37 ± 1.31  − 1.77 ± 1.07 0.016
Total hip BMD (g/cm2) 0.839 ± 0.137 0.794 ± 0.161 0.017
Total hip T-score  − 1.10 ± 1.22  − 1.55 ± 1.20 0.006

Table 6   Relation between 
class of genetic variant and 
biochemical markers of bone 
turnover

Values are estimated marginal means and standard errors of the mean. The number of observations in 
each subgroup are indicated. Statistical significance between groups indicated as follows with Bonferroni 
adjustment for multiple comparisons: ap < 0.001 none and VUS vs. quantitative and splice site, p = 0.002 vs. 
quantitative, bp = 0.047 none and VUS vs. qualitative
c p < 0.001 qualitative vs. quantitative

Marker Variant type n No recent bisphosphonate 
(n = 251)

n Recent bisphosphonate 
(n = 98)

CTX (ng/mL) None and VUS 25 0.333 ± 0.023a 6 0.276 ± 0.047b

Qualitative 74 0.239 ± 0.013 31 0.146 ± 0.021
Quantitative 97 0.208 ± 0.012 38 0.146 ± 0.019
Splice site 33 0.198 ± 0.020 19 0.140 ± 0.026

PINP (ng/mL) None and VUS 25 70.7 ± 4.8a 6 50.4 ± 9.8
Qualitative 74 49.8 ± 2.8c 31 27.4 ± 4.3
Quantitative 97 32.8 ± 2.4 38 24.8 ± 3.9
Splice site 33 39.5 ± 4.1 17 22.2 ± 5.5
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The associations between variant type and BMD are 
shown in Table 7. We found that for lumbar spine BMD, 
qualitative variants had a significantly higher BMD than 
splice site variants in the previously untreated group, but 
there were no other significant differences between BMD 
and variant type at the lumbar spine, femoral neck, or total 
hip sites according to variant type.

Discussion

Osteogenesis imperfecta is a heterogeneous disease that 
affects many organ systems, which is characterised by a 
greatly increased risk of low-energy fractures [1]. These 
fractures peak during childhood and gradually decrease as 
the skeleton grows, but the incidence of fractures is much 
higher in OI throughout life as compared with population-
based controls [2].

The pathogenesis of OI-related fractures is incompletely 
understood. Previous studies in adults have reported that 
BMD values are lower in OI than in controls [16] or in com-
parison with the normal reference range [17] but reductions 
in BMD cannot explain the marked increase in fracture risk 
that is observed in OI. Reflecting this fact, Wekre and col-
leagues reported that only 10% of people with OI had BMD 
values in the osteoporotic range [18], but they also com-
mented that the rate of fracture in this subgroup was three 
times higher than those with non-osteoporotic T-scores. 
However, in this publication, no detail was provided on what 
the fracture rates actually were in these subgroups. In the 
same study, total body BMD and BMC were significantly 
associated with fracture numbers, but no further detail was 

provided. In the TOPaZ study, we found that the propor-
tion of individuals with osteoporosis was higher than that 
reported by Wekre [18], but that this differed according to 
the site of measurement. At the lumbar spine, T-scores were 
in the osteoporotic range in 157 subjects (45.0%), whereas 
corresponding values for the femoral neck were 65 (18.6%) 
and for the total hip 39 (11.1%). In contrast to the Wekre 
study [18], we found no significant association between 
fracture numbers in the two years prior to enrollment in 
subjects with osteoporosis, osteopenia, and normal BMD. 
This is most probably due to the fact that fracture risk in OI 
is not only influenced by bone density, but also by reduced 
bone quality as the result of abnormalities of type I collagen 
structure and mineralisation [4].

The genetic causes of OI in TOPaZ were consistent with 
those in previous cohort studies of OI. A study in the Swed-
ish OI population reported by Lindahl [19] reported that 
pathogenic variants in the COL1A1 and COL1A2 genes were 
the most common causes of OI and were found in 85.9% of 
individuals. Similarly, a study of 85 individuals with OI in 
the Danish population reported the presence of pathogenic 
variants in COL1A1 or COL1A2 in 81 cases (95%), but in 
4 individuals (5%), no pathogenic variants were detected in 
genes known to cause OI. In the TOPaZ study, pathogenic 
variants in COL1A1 or COL1A2 were found in 85%, but 
other implicated genes included FKBP10, IFITM5, P3H1, 
and BMP1. Interestingly, no pathogenic variants could be 
detected in genes in 31 individuals (8.9%) despite the fact 
they had been diagnosed clinically with OI. It is possible 
these individuals may have had another cause for bone fra-
gility or may have harboured pathogenic variants in novel 
genes that cause OI.

Table 7   Relation between class of genetic variant and bone mineral density

Values are estimated marginal means and standard errors of the mean. The number of observations in each subgroup are indicated. Statistical 
significance between groups indicated as follows with Bonferroni adjustment for multiple comparisons: ap = 0.046, qualitative vs. splice site. 
Abbreviations: BMD Bone Mineral Density in g/cm2; VUS Variant of uncertain significance

Site Variant type n No recent bisphosphonate 
(n = 251)

n Recent bisphosphonate 
(n = 98)

Lumbar Spine BMD (g/cm2) None and VUS 27 0.874 ± 0.035 7 0.968 ± 0.069
Qualitative 71 0.812 ± 0.022 28 0.791 ± 0.034
Quantitative 101 0. 864 ± 0.018a 38 0.885 ± 0.029
Splice site 34 0.914 ± 0.031 19 0.810 ± 0.042

Femoral Neck BMD (g/cm2) None and VUS 25 0.791 ± 0.029 7 0.770 ± 0.058
Qualitative 50 0.747 ± 0.021 22 0.695 ± 0.031
Quantitative 101 0.737 ± 0.015 34 0.728 ± 0.025
Splice site 33 0.764 ± 0.025 15 0.670 ± 0.038

Total Hip BMD (g/cm2) None and VUS 25 0.890 ± 0.028 7 0.843 ± 0.054
Qualitative 50 0.847 ± 0.020 22 0.777 ± 0.030
Quantitative 100 0.819 ± 0.014 34 0.748 ± 0.024
Splice site 33 0.849 ± 0.025 15 0.788 ± 0.037
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Only few studies have investigated the relation between 
genotype and skeletal phenotype in OI. The Lindahl study 
[20] reported significantly higher BMD (expressed as 
Z-score) in Type I versus both type III and IV but this work 
was not directly comparable to our study as it comprised a 
mixture of adults and children. In the same study, no dif-
ferences were found in BMD Z-score according to whether 
pathogenic variants were qualitative or quantitative. Hald 
and colleagues previously reported that lumbar spine BMD 
in type I OI was significantly higher than types III and IV 
and that a similar pattern was observed for the femoral neck 
and total hip [21]. Similar findings have been reported by 
Ohata and colleagues in 53 people with OI from Japan [22]. 
These previous reports are in keeping with the TOPaZ study 
where BMD values were significantly higher with type I 
than the other classical OI types. Interestingly, those with 
an unknown type had higher BMD values than type III at 
the lumbar spine and types III and IV at the femoral neck.

We also evaluated associations between recent bis-
phosphonate treatment and both biochemical markers of 
bone turnover and BMD. We found that individuals who 
had received bisphosphonates during the 2 years prior to 
recruitment had lower CTX and PINP values than those who 
did not – a result that is expected given the known inhibi-
tory effects of bisphosphonates on bone turnover. We also 
found that those who had received bisphosphonates during 
the prior 2 years had significantly lower BMD at the femo-
ral neck and total hip than those who had not received bis-
phosphonates. Although this is at first sight surprising, we 
speculate that it may have been due to the fact that clinicians 
are more likely to prescribe bisphosphonates for individuals 
with low BMD in routine clinical practice.

We also evaluated associations between the class of 
genetic variant and BMD but found no significant differ-
ences between variant subtypes and BMD except at the lum-
bar spine where qualitative variants had higher BMD than 
those with quantitative variants.

Biochemical markers of bone turnover have been little 
studied in adults with OI. In the Orwoll clinical trial [11], 
baseline PINP values and the marker of bone resorption, 
urinary NTx creatinine values, were within the normally 
accepted reference ranges; the average ± SD PINP was 
34.7 ± 25.0 µg/L and NTx/creatinine was 50.6 ± 38.5 nM 
BCE/mM (typical reference range 17–125). Similarly, 
Adami et al. reported that baseline biochemical bone mark-
ers, serum bone alkaline phosphatase, and serum CTX, were 
within the normal range in a study including adults with OI 
type I, III, and IV [23]. In Hald’s study, no significant differ-
ence was observed between biochemical markers and either 
Sillence type or class of genetic variant [21]. The observa-
tions in TOPaZ are in keeping with these previous studies, 
as we found that average values for the biochemical markers 
of bone turnover CTX and PINP were generally within the 

reference range. Subgroup analysis revealed that those with 
no pathogenic variant and variants of uncertain significance 
had significantly higher CTX and PINP values than those 
who carried other variant types. The difference was most 
pronounced in those who had not recently been treated with 
bisphosphonates. We also found that PINP values were sig-
nificantly higher in those with qualitative variants compared 
with quantitative in those who had not been treated with 
bisphosphonates recently.

The overall aim of TOPaZ is to determine if the combina-
tion of TPTD followed by the antiresorptive drug zoledronic 
acid is effective at reducing the risk of clinical fractures 
in adult OI compared with standard care. The reason for 
choosing TPTD was based on the study by Orwoll, who 
reported encouraging results on BMD in adult patients with 
osteogenesis imperfecta when TPTD was compared with 
placebo, but this study was small and was not designed to 
look at fracture prevention [11]. The reason for using ZA 
following TPTD in TOPaZ was to maintain any increases in 
BMD that may occur as a result of anabolic therapy. There 
have been various other randomised trials and observational 
studies of bisphosphonates in both children and adults with 
osteogenesis imperfecta [9]. A Cochrane review concluded 
that while there was good evidence that bisphosphonates 
increase BMD in OI, there was no convincing effect on frac-
ture reduction [10].

In the absence of a licensed medical treatment for fracture 
prevention in OI, bisphosphonates are widely used on an 
empirical basis in the treatment of OI in both children and 
adults [10]. Reflecting this fact, 28.1% of individuals in our 
cohort had received treatment with a bisphosphonate in the 
2 years prior to enrolment and 70.2% had used bisphospho-
nates more than 2 years prior to enrolment. Other drugs were 
used much less commonly but included teriparatide, deno-
sumab, strontium ranelate, raloxifene, HRT, and calcitonin.

There are limitations to the data reported. Information 
on previous fractures may have been underestimated as the 
result of recall bias. This is particularly likely to be the case 
for childhood fractures. Furthermore, health records only 
report fractures seen in the hospital and documented by 
radiographs, which is not always the case in adults with OI. 
Additionally, BMD measurements were frequently unavail-
able, particularly in patients with type III and IV OI where 
metalwork and image artefacts associated with previous 
fractures prevented us from assessing BMD. Although 
many participants were at the age where Z-scores rather than 
T-scores are recommended by the International Society for 
Clinical Densitometry as the preferred means of expressing 
BMD, we elected to use T-scores for consistency and so that 
a comparison could be made across different subtypes of OI. 
On the other hand, a major strength of the study is the large 
sample size, which makes the study cohort one of the larg-
est ever assembled in adults with OI. Whatever the eventual 



	 J. D. Hald et al.  136   Page 10 of 12

outcome of the TOPaZ trial, the cohort represents a valuable 
resource with which to investigate the clinical characteris-
tics of adults with OI and genotype–phenotype relationships 
regarding associations between molecular diagnosis, bone 
density, biochemical markers of bone turnover, and other 
non-skeletal comorbidities. When the trial reports, it will 
provide new insights into the fracture rate in adults with OI 
and the effect of an anabolic therapy followed by antiresorp-
tive treatment in the management of this condition.
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