
1 
 

Hospital incidence, management and direct cost of 1 

osteogenesis imperfecta in Spain: a retrospective 2 

database analysis 3 

 4 

 5 

Josep Darbà1*, Alicia Marsà2 6 

 7 

 8 

1 Department of Economics, Universitat de Barcelona. Barcelona, Spain. 9 

Diagonal 696, 08034 Barcelona, Spain 10 

Tel. +34 934020110 / + 34 934021937 11 

Fax +34 934039082 12 

darba@ub.edu  13 

ORCID: 0000-0003-2371-0999 14 

*Corresponding author 15 

 16 

 17 

2 Department of Health Economics, BCN Health Economics & Outcomes Research S.L. 18 

Barcelona, Spain. 19 

Travessera de Gràcia, 62, 08006 Barcelona, Spain 20 

ORCID: 0000-0001-8116-7029 21 

 22 



2 
 

 23 

Abstract 24 

Objective: The objective of this study was to analyse hospital incidence of osteogenesis 25 

imperfecta (OI) in Spanish hospitals and the associated medical costs from a healthcare 26 

system perspective. 27 

Methods: To this aim, a retrospective multicentre study was designed analysing admission 28 

records from patients admitted with OI in specialised care settings in Spain between 2000 29 

and 2017. Direct medical costs were calculated based on the diagnosis-related group-based 30 

hospital payment systems, determined by the Spanish Ministry of Health. 31 

Results: Overall, 3,747 admissions were reviewed, corresponding to 998 patients, 48.20% 32 

of which were males and 51.80% females. Hospital incidence was 5.64 per 100,000 33 

patients (95% CI, 4.80 to 6.60) over the study period, whereas incidence at birth was 10.14 34 

per 100,000 (95% CI, 8.16 to 12.05). In-hospital mortality appeared primarily associated to 35 

neonatal conditions and acute respiratory failure. Mean length of hospital stay was 2.83 36 

days, decreasing significantly during the study period (p<0.0001). Readmission rate was 37 

significantly higher in younger patients (p=0.0110). In most hospital admissions other 38 

disorders of bone and cartilage (osteoporosis and pathologic fractures) were registered, 39 

together with delayed growth and hypocalcaemia. The mean annual direct medical cost per 40 

hospital admission was €2,571, increasing significantly over the study period (p<0.0001).  41 

Conclusions: Overall, this study provides data that should be taken into account for the 42 

development of improved and more efficient treatment protocols, and in reducing the 43 

burden of OI at the healthcare system level. 44 

 45 
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Introduction 69 

Osteogenesis imperfecta (OI) describes a group of rare genetic connective tissue disorders 70 

characterised by bone fragility, in most cases associated to type 1 collagen mutations [1]. 71 

Its prevalence in Europe and the United States varies between the 7 and 70 cases per 72 

100,000 depending on the region of study, with most patients having phenotypically milder 73 

OI [2-5]. Initially, it was proposed to classify OI into 4 subforms, according to primary 74 

clinical characteristics and pattern of inheritance: type I – mild and often underdiagnosed, 75 

type II –perinatal lethal form, type III – severe and progressively deforming and type IV – 76 

of moderate severity [6,7]. The identification of a growing number of gene mutations 77 

associated to OI has led to the definition of the mutations associated with the original OI 78 

types and the additional types V to XI [8].  COL1A1/2 and CRTAP mutations were the first 79 

identified in OI, yet, at present, a large number of mutations have been found in genes that 80 

encode or regulate type I collagen, procollagen molecules or osteoblast differentiation, 81 

among others [9-14]. 82 

The main feature of OI is bone fragility, and symptoms include skeletal deformities, 83 

function impairment, teeth involvement and hearing loss [14]. This complex 84 

symptomatology and variable severity generally requires a multidisciplinary approach, with 85 

specialists centred in the treatment and rehabilitation of fractures, together with the control 86 

of other symptoms [15,16]. In addition, pharmacological therapy with bisphosphonates has 87 

shown positive results, principally in children, as new compounds are being investigated 88 

[16].  89 

Very few studies have attempted to estimate OI incidence and the costs of the disease, 90 

which have been generally included in wider evaluations [17]. Rare diseases have been 91 
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associated to significant medical costs and a great burden for the healthcare system and 92 

society, but detailed evaluations are still scarce [18,19]. 93 

The objective of the present study was to provide novel data to describe the current status 94 

of OI in Spain via the revision of real-world evidence, a method that has proven useful to 95 

assist resource allocation decisions in public health [20,21]. In addition, this study aimed to 96 

estimate hospital incidence of OI and the burden it represents for the Spanish healthcare 97 

system. 98 

Methods  99 

Study design and setting  100 

Admission records from patients admitted with OI in specialised care settings in Spain 101 

between 1 Jan 2000 and 31 Dec 2017 were analysed in a retrospective multicentre 102 

observational study. The term admission in this database could refer to both inpatient and 103 

outpatient visits in Spanish hospitals. Records were obtained from the Spanish discharge 104 

database for Hospitalisation and Specialised Care, which covers around 90% of public and 105 

private hospitals in the country, via the Spanish Ministry of Health [22].  106 

Data extraction 107 

The database is codified at the healthcare centre level by means of the 9th revision of the 108 

International Statistical Classification of Diseases and Related Health Problems, Clinical 109 

Modification (ICD-9-CM) until 2015 and the 10th revision (ICD-10-CM) after 2016. Thus, 110 

the codes corresponding to OI (756.51 and Q78.0) were used to petition the records of 111 

patients admitted with OI as the admission motive [23,24]. The petition was submitted to 112 

the Spanish Ministry of Health via the Unit of Health Care Information and Statistics [25], 113 

data is available to any researcher who meets the criteria for access to confidential data.  114 
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The Spanish Ministry of Health conducted data extraction, and only anonymised, de-115 

identified data was obtained, in accordance with the principles of Good Clinical Practice 116 

and the Declaration of Helsinki. This research did not involve human participants and there 117 

was no access to identifying information; in this context the Spanish legislation does not 118 

require patient consent and ethics committee approval [26]. 119 

Data analysis 120 

Information regarding patients’ sex and age, date of admission, type of admission, date of 121 

discharge, type of discharge (including death), length of stay, readmission rate (subsequent 122 

admissions for the same motive within 30 days after discharge), admission motive, 123 

secondary diagnoses registered during the admission, medical procedures performed and 124 

admission cost was extracted from the database. Only the admissions with OI registered as 125 

the admission motive were analysed. The first admission registered per patient was used to 126 

characterise the patient population. For the subsequent analyses, five age groups were 127 

considered: patients aged 2 and younger, > 2 to ≤ 10, > 10 ≤ 18, > 18 to ≤ 40 and patients 128 

over 40 years of age. The analysis of cost included a sub analysis of patients with perinatal 129 

lethal OI. 130 

Hospital incidence was measured as the number of patients admitted with OI over the study 131 

period within the total number of patients included in the hospital discharge database. The 132 

same method was used to calculate incidence at birth, considering admissions in which 133 

birth was registered. In-hospital mortality was calculated as the annual number of deaths 134 

recorded within all patients registered with OI. 135 

Direct medical costs were calculated based on the admission costs registered in the 136 

database; these are automatically assigned according to unit costs associated to the 137 
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diagnosis-related group (DRG)-based hospital payment systems of the corresponding year, 138 

determined by the Spanish Ministry of Health and indicated in the dataset. These figures 139 

included all expenses related to the admission: treatment (examination, medication and 140 

surgery), diet, personnel, medical equipment and resources corrected per groups of patients. 141 

Mean admission costs were calculated from these figures, whereas mean cost per patient 142 

considered the cost derived from multiple admissions. Mean admission costs in patients 143 

diagnosed with the most frequent comorbidities were calculated to evaluate main cost 144 

drivers in OI hospital care. 145 

Normality was tested using the Kolmogorov-Smirnov test. Frequencies and percentages are 146 

presented for dichotomous variables and mean, median and interquartile range (IQR) were 147 

calculated for quantitative variables. A Cochran-Armitage trend test was performed to 148 

assess temporal trends in incidence, length of hospital stay and costs. Two-tailed T-student 149 

or one-way analysis of variance (Kruskal-Wallis test) were used as appropriate and two-150 

sample Z tests were used to test for differences in sample proportions, with a p<0.05 151 

considered statistically significant. 152 

Data presentation is mainly descriptive. Statistical analyses were performed using IBM 153 

SPSS Statistics for Windows, Version 20.0. Released 2011 (IBM Corporation, Armonk, 154 

NY, USA) and Microsoft Excel© Professional Plus 2010 (Microsoft Corporation, 155 

Redmond, WA, USA). 156 

Results 157 

Patient characteristics and incidence 158 
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Overall, 3,747 admissions were registered in the database between 2000 and 2017 with OI 159 

as the admission motive. These admissions corresponded to 998 patients, 48.20% males 160 

and 51.80% females (Table 1).  161 

The hospital incidence of OI in Spain was 5.64 per 100,000 patients (95% CI, 4.80 to 6.60), 162 

with significant fluctuations registered during the study period (p<0.0001) (Figure 1A). 163 

Incidence at birth in the same period was 10.14 per 100,000 children (95% CI, 8.16 to 164 

12.05). 165 

The registered in-hospital mortality was 1.50% during the study period (N=15 patients). 166 

Ten of these patients died within the first weeks of life and 5 had between 50 and 65 years 167 

of age. Cause of death was not formally disclosed, but preterm birth and low weight were 168 

registered in 3 cases within the first group, whereas acute respiratory failure and heart 169 

failure were registered as secondary diagnoses in 9 and 1 patients, respectively, of both 170 

patient groups. 171 

Use of medical resources and medical costs 172 

A higher number of admissions per patient was registered in younger patients and 173 

decreased with age. Only 0.16% of the registered files corresponded to outpatient visits; 174 

mean length of hospital stay (LOHS) in inpatient admissions was 2.83 (median: 2; IQR: 2) 175 

days, decreasing significantly during the study period (p<0.0001) (Figure 1B).  176 

No clear trends were observed in the mean LOHS or number of urgent admissions per the 177 

selected age groups (Table 2). However, mean LOHS was lengthier in patients under 1 year 178 

of age (mean: 7.11 days; median: 2; IQR: 4; p<0.001 vs. admissions >1 year of age). 179 

Readmission rate was higher in the group of patients under 2 years of age (p=0.0110 vs. 180 

admissions >2 years). 181 
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In all admissions, OI was registered as the admission motive, but, in many cases, other 182 

conditions were diagnosed and treated during the admission. Most hospital admissions 183 

were associated to other disorders of bone and cartilage (osteoporosis and pathologic 184 

fractures) and conditions linked to OI (Table 2). Other secondary diagnoses registered 185 

among these patients included: vitamin D deficiency (5.50%), hearing loss (4.07%), heart 186 

disease (3.89%), teeth developmental disorders (2.51%), disorders of the eye and adnexa 187 

(2.39%) and fractures in various locations (2.33%).  188 

In terms of treatment, the intravenous infusion of therapeutic substances was registered in 189 

72.95% of all admissions, whereas bone fixation and fracture reduction were registered in 190 

13.35% of admissions. X-ray and other diagnostic imaging techniques and bone mineral 191 

density studies were registered in 17.52% and 6.33% of admissions, respectively.  192 

The mean annual cost per admission was €2,571, increasing over the study period (2000 vs. 193 

2017, p<0.0001) (Figure 2A). A larger increase was observed over time in the mean annual 194 

cost per patient, which averaged €5,207 (2000 vs. 2017, p<0.0001). The mean cost of an 195 

urgent admission was €2,750, whereas the cost of a scheduled admission was €2,477 196 

(p=0.0070). Per age group, mean admission costs were €2549, €2497, €2441, €2708 and 197 

€2800 in patients aged 2 and younger, those older than 2 to 10, older than 10 to 18, older 198 

than 18 to 40 and older than 41, respectively (Figure 2B). Additionally, mean admission 199 

costs in patients with perinatal lethal OI (N=10) were €4934. Finally, the conditions 200 

associated with increased admission costs were analysed (Table 3). Admissions associated 201 

to bone fractures represented the highest cost.  202 

Discussion 203 



10 
 

OI is a rare connective tissue and bone disease, with phenotypes that range from mild forms 204 

to severe manifestations that can be lethal when perinatal [14]. Its low prevalence and 205 

diverse presentations has limited the studies analysing its incidence, management and 206 

impact at the healthcare system level. The retrospective examination of admission records 207 

provides sufficient data for the analysis of the current situation of OI in Spain. Hospital 208 

incidence was, in this study, 5.64 per 100,000 patients, while incidence at birth was 10.14 209 

per 100,000 children. Only one previous study analysed the epidemiology of OI in the 210 

country, estimating a prevalence of 0.29 per 100,000 inhabitants in the Spanish region of 211 

Valencia [27]. Disease incidence at birth, contrarily, was not previously evaluated in Spain. 212 

Comparable results have been obtained at the European level; a population-based study in 213 

Denmark calculated an annual incidence of OI of 15 per 100,000 births between 1997 and 214 

2013 [28]. 215 

Although patient sample was small for formal analyses, preterm birth and acute respiratory 216 

failure appeared to be related with in-hospital mortality. These conditions have been 217 

associated to OI mortality in previous occasions [28,29].  218 

The age of onset of fractures and other manifestation of OI may vary, but the first 219 

symptoms usually appear during childhood (type I, IV) or the perinatal period (type II, III); 220 

it is within this period when the most severe cases are detected [30]. Consequently, the 221 

preliminary analysis of hospital admissions revealed a more intensive use of medical 222 

resources in younger patients. Admissions in patients under 1 year of age were lengthier, 223 

and younger patients experienced more readmissions.  On the other hand, the decreasing 224 

LOHS must be considered in a context of decreasing hospital stays both in Spain and the 225 

European Union [31]. 226 
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Most of the admissions registered in this database were inpatient. The conditions registered 227 

upon admission were primarily associated to OI. These included osteoporosis and 228 

pathologic fractures; delayed growth, hypocalcaemia and congenital deformities, found 229 

predominantly in younger patients; and overweight, obesity and spinal deformities, found 230 

in adult patients. Regarding the risk of overweight and obesity, it is commonly increased in 231 

patients with reduced mobility. A metabolic component to OI has been pointed out when 232 

considering the high frequency of obesity among these patients; however, this has not been 233 

yet demonstrated [15]. In general terms, a multidisciplinary approach is recommended to 234 

optimise the diagnosis and treatment of OI [15,16,32]. 235 

This study found a mean annual cost per admission of €2,571 that was associated to a mean 236 

annual cost per patient of €5,207, both increasing between 2000 and 2017. Studies 237 

evaluating the direct medical costs of OI are scarce and hardly comparable between 238 

different countries. One study developed in Western Australia (2000-2006) estimated an 239 

average admission cost for Osteochondrodysplasias of €2,958 (3,488 USD) [33]. The same 240 

study measured an average cost per admission that doubled in patients under 1 year of age, 241 

of €5,584 (6,584 USD) [33].  242 

Altogether, musculoskeletal conditions are considered the main cause of disability 243 

worldwide and account for the greatest proportion of lost productivity, with an estimated 244 

cost of over €196 billion in the US the year 2011 [34,35]. These must be considered as 245 

long-term medical expenses. Additionally, in Spain, urgent admissions were associated to 246 

higher costs, as the treatment of fractures, kyphosis and scoliosis, anaemia, multiple 247 

musculoskeletal deformities, hearing loss and osteoporosis, which should be taken into 248 

account when optimising disease management and treatment protocols. The high admission 249 

costs found in patients with perinatal lethal OI should be confirmed and further evaluated. 250 
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Similarly, regional differences in Spain, in terms of management and costs, should be taken 251 

into account in further analyses.  252 

A series of factors limited the results of this study. The database codification, by using the 253 

ICD-9 and ICD-10, impeded the analysis of the different types of OI separately. In 254 

addition, it was not possible to track mortality outside of the healthcare centre. Thus, 255 

further studies will be required to explore mortality and causes of death in OI in Spain. 256 

Most of the admissions registered in this database were inpatient, which must be taken into 257 

account when interpreting these findings; not all of the admissions required per patient 258 

were registered. Similarly, only data registered in the database could be evaluated, and any 259 

comorbidities in OI that are not treated at the hospital level could not be evaluated. In terms 260 

of regional evaluations, data from all Spanish regions was included, yet, the low prevalence 261 

of the disease impeded an independent analysis in less-populated regions. Finally, results 262 

obtained for Spain are not generalizable, and further research is recommended covering 263 

other geographical areas.  264 

Conclusions 265 

This study evaluates the current status of osteogenesis imperfecta in Spain, providing novel 266 

data that aims to assist the development of improved treatment protocols and policies. In 267 

addition, the medical costs associated to the disease, as well as the factors behind the 268 

highest admission costs, should be taken into account when evaluating the total burden of 269 

OI and in the elaboration of guidelines to reduce that burden.  270 
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Figures 412 

Figure 1 A) Hospital incidence of osteogenesis imperfecta in Spain (2000-2017). B) 413 

Mean length of hospital stay per year (2000-2017). LOHS: Length of hospital stay; CI: 414 

Confidence interval. 415 

 416 

 417 

 418 

 419 
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Figure 2 Direct medical cost of osteogenesis imperfecta in specialised care settings per 420 

admission stratified per year (2000-2017). B) Mean admission costs per age group 421 

with 95% CI (2000-2017). CI: Confidence interval. 422 

 423 
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 425 

 426 

 427 

 428 

 429 
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 430 

Tables 431 

Table 1 Number of admissions and patients with osteogenesis imperfecta included in 432 

the study. 433 

Variable Admissions, N Patients, N 
Age, years, mean; 

median (IQR) 

Total 3,747 998 13.19; 8 (13) 

Males 1,834 481 11.61; 8 (11) 

Females 1,913 517 14.66; 8 (17) 

Age group, years - - - 

≤ 2  843 253 0.75; 1 (1) 

> 2 ≤ 10 1,626 341 6.13; 6 (4) 

> 10 ≤ 18 941 213 13.78; 13 (4) 

> 18 ≤ 40  236 110 28.93; 29 (15) 

> 40 101 81 58.85; 59 (23) 

IQR: Interquartile range. 434 

Table 2 Patients’ use of medical resources per age groups and secondary conditions 435 

diagnosed. 436 

Age group, years (N of patients) 
≤ 2  

(N=253) 

> 2 ≤ 10 

(N=341) 

> 10 ≤ 

18 

(N=213) 

> 18 ≤ 

40 

(N=110) 

> 40  

(N=81) 

Urgent admissions, % 18.51 13.04 8.29 13.98 44.55 

LOHS, days, mean; median (IQR) 
3.67; 2 

(2) 

2.23; 2 

(1) 

2.60; 2 

(2) 

3.44; 2 

(1) 

6.15; 2 

(4) 

Readmission rate, % 5.85 5.59 0.74 1.38 5.26 

Secondary conditions, % of admissions - - - - - 

Osteoporosis and pathologic fractures 35.75 45.28 21.43 48.98 19.48 

Symptoms concerning nutrition 

metabolism and development 

(insufficient weight, stature) 

27.66 54.72 16.41 2.04 0.00 

Hypocalcaemia 33.19 44.97 12.55 0.00 1.30 

Hypercholesterolaemia and 

hyperlipidaemia  
20.85 38.05 5.60 5.10 23.38 

Overweight and obesity 2.13 22.01 15.44 21.43 7.79 

Other congenital musculoskeletal 

deformities and anomalies 
23.40 7.23 4.44 3.06 2.60 

Curvature of spine (kyphosis and 

scoliosis) 
0.85 10.06 9.85 15.31 3.90 

LOHS: Length of hospital stay; IQR: interquartile range. 437 
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Table 3 Secondary diagnoses associated with increased admission costs.  439 

Condition 
Readmission 

rate, % 

Length of 

hospital stay, 

days, mean; 

median (IQR) 

Mean cost per 

admission § 

Fractures 7.69 6.28; 3 (6) 
€5,102 

(p<0.0001) 

Curvature of spine (kyphosis and scoliosis) 3.88 5.33; 2 (4) 
€4,092 

(p<0.0001) 

Anaemia 2.04 3.61; 2 (2) 
€3,256 

(p=0.0130) 

Other congenital musculoskeletal deformities 

and anomalies 
4.72 4.80; 2 (2) 

€3,035 

(p=0.0150) 

Hearing loss  1.47 3.47; 2 (1) 
€2,894 

(p=0.0460) 

Osteoporosis and pathologic fractures 3.98 4.79; 2 (2) 
€2,652 

(p=0.0180) 
§ P-value, mean cost in admissions that registered comorbid conditions vs. mean cost of all 440 

admissions. IQR: interquartile range. 441 
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