
ORIGINAL ARTICLE

Hospital admissions of patients with osteogenesis imperfecta
in the English NHS

S. Kolovos1 & M. K. Javaid1
& R. Pinedo-Villanueva1

Received: 21 July 2020 /Accepted: 18 November 2020
# The Author(s) 2021

Abstract
Summary Hospital use by patients with osteogenesis imperfecta was largely unknown. This study found that the English NHS
provides a significant number of hospital admissions to these patients, translating into large costs to the NHS. Admissions and
costs both increased over time. Children under 14 years old accounted for more of the admissions and costs than any other age
group.
Introduction The aim of this study was to characterise hospital use by patients with osteogenesis imperfecta (OI) in the English
National Health Service (NHS).
Methods Routinely collected aggregate data about all inpatient hospital records from patients with OI were used for the period 1
April 2014 to 31 March 2018. Information was extracted on number of admissions, number of patients, length of stay, and costs.
Hospital use was summarised using descriptive statistics, categorising patients into 5-year age groups.
Results There were 16,245 hospital admissions for OI patients during the analysis period, with a total cost to the NHS of
£24,052,451. Of the 4370 patients involved, 2700 (62%) were female. Female patients averaged 3.3 admissions per year and
male patients 4.4 admissions per year. Patients aged 0 to 14 years old accounted for 54% of all admissions. Those aged 90 to 94
years had the longest average length of stay per admission (10.5 days) of any age group. Elective admissions cost on average
£1260 and non-elective admissions £2529. Over the 4-year study period, number of admissions increased on average by 2.1% per
year and number of patients by 6.4% per year.
Conclusion The treatment of patients with OI is associated with a significant number of hospital admissions at an important cost
for the NHS, with both number of admissions and costs increasing over time. Children below the age of 14 years had more
admissions at a greater total cost than other ages, while the oldest adults had longer average stays and higher costs per admission.

Keywords Brittle bone disease . Health economic burden . HES data . Hospital costs . Osteogenesis imperfecta . Routinely
collected data

Introduction

Osteogenesis imperfecta (OI) is a spectrum of rare genetic
disorders characterised by low bone mass, reduced bone ma-
terial strength, and specific clinical features and inheritance
patterns [1, 2]. Patients with OI are susceptible to skeletal de-
formity and fragility throughout their lives. However, they are
a heterogeneous group and the severity of their clinical

symptoms varies from mild to severe. Their quality of life is
lower than that of the general population. Children report being
most affected in their physical functioning and school func-
tioning [3, 4], while adults report being most affected in their
physical functioning [5, 6], pain/discomfort, and mobility [7].

The management of OI requires a multidisciplinary team of
specialists including surgeons, rheumatologists, endocrinolo-
gists, paediatricians, and allied health professionals [8]. Its
treatment is not without complications, and the disease burden
for patients and the healthcare system is considerable. Before
healthcare services for people with OI can be redesigned to be
more effective, efficient, and patient-friendly, the volume and
pattern of current activity must be understood. However, in-
formation on hospital use by patients with OI is very limited.
We therefore aimed to characterise current hospital use by
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patients with OI in the English National Health Service
(NHS).

Methods

Study design and setting

We analysed routinely collected aggregate data from patients
with OI from all 451 hospital trusts in the NHS in England [9]
from 1 April 2014 to 31 March 2018. We sourced data from
the Vantage platform, which was provided by Health iQ in an
aggregated format rather than patient-level data.

Secondary care data were taken from the English Hospital
Episode Statistics (HES) database produced by the Health and
Social Care Information Centre [10]. NHS hospital care in
England, including community care and mental health ser-
vices, is managed by hospital trusts. The data extracted
reflected inpatient hospital records reported by HES
Admitted Patient Care (HES APC). HES APC contains data
on all hospital admissions to the NHS and independent sector
providers funded by the NHS [9]. Hospital admissions are
classified as elective or non-elective. Elective admissions are
defined as those occurring when the decision to admit and the
actual admission happen at different times, such as admissions
originating from a waiting list. Non-elective admissions are
defined as those that have not been arranged in advance, such
as emergency admissions [11].

A hospital admission in HES APC is referred to as a “spell”
and is defined as an uninterrupted inpatient stay at a particular
hospital. Several finished consultant episodes may be includ-
ed in one spell, when a patient is seen by various consultants
during one stay. However, a spell does not include transfers
between different hospitals, and a new spell begins if a patient
is transferred to another hospital [9].

The acquired data files were organised by financial year
(starting on 1 April) and were updated monthly. We analysed
data from 1 April 2014 to 31 March 2018, corresponding to 4
full financial years.

Study population

Aggregate data about admissions reporting International
Classification of Diseases-10 (ICD-10) diagnostic code
Q78.00 (osteogenesis imperfecta) were retrieved as hospital
admissions of patients with OI. Up to 20 ICD-10 codes can be
recorded for each admission record, with the first code re-
ferred to as the primary diagnosis and the rest as secondary
diagnoses. If an OI code was reported as the primary diagno-
sis, then OI was the main reason for the admission, for in-
stance to provide treatment for the condition. If an OI code
was reported as a secondary diagnosis, then the reason for
admission was not OI, but the fact that the patient has OI

was flagged. We extracted data for both primary and second-
ary OI diagnoses. Admission records were only accessible in
aggregate form, categorised by variables such as financial
year, sex, and age group.We did not have access to individual
patient follow-up or characterisation beyond these extracted
tables. Following NHS Digital guidelines to ensure confiden-
tiality, we used small number suppression, rounding of patient
counts, and rounding of admission counts on all outputs.

Variables

We extracted number of admissions, number of patients,
length of stay (total bed days), waiting time (days from referral
date to treatment start date), and costs from the data files
provided by the Vantage platform. We report the collected
aggregate data categorised by sex, age group, admissionmeth-
od (elective and non-elective), patient classification (day-case,
ordinary, and regular), and procedure codes (four-character
OPCS codes, a classification of interventions and procedures
used by healthcare providers in England).

Day-case was defined as an inpatient elective admission for
treatment during the course of the day without staying over-
night. Ordinary was defined as an inpatient elective or non-
elective admission for treatment and staying for at least one
night. Regular was defined as an inpatient elective admission
that was part of a planned series of admissions for an ongoing
regime of broadly similar treatments, with the patient
discharged on the same day [12].

Costs

We extracted costs directly from the platform as calculated by
the data provider. We treated these costs as estimates because
they were calculated per spell but retrieved in aggregate form.
Reported cost estimates were based on the NHS national tariff
according to core Healthcare Resource Group (HRG) codes
assigned to each spell. We also included additional costs re-
lated to excess bed days for spells with lengths of stay beyond
the trim point of the respective HRG code. However,
unbundled HRG codes (specific elements of activity and costs
separated from core HRGs, such as diagnostic imaging) were
not available [13]. The reported figures are therefore a conser-
vative estimate of the cost to the NHS, as the NHS reimburses
hospitals for the care provided to patients admitted.

Data analysis

Descriptive statistics and figures were used to summarise hos-
pital use by patients with OI. We examined the association
between sex and number of admissions, number of patients,
and costs for either primary or secondary OI diagnosis, only
primary OI diagnosis, or only secondary OI diagnosis. We
used regression analysis to investigate whether the number
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of admissions and patients increased over the 4 years of anal-
ysis. We use figures to demonstrate how the number of ad-
missions per year, costs per year, average length of stay per
admission, and average cost per admission differed by age
group.We also report the number of admissions, average cost,
and average waiting time by admission method.

To identify the main drivers of admissions and costs for
people with OI, admissions were categorised according to the
25 clinically relevant procedure and intervention OPCS chap-
ters used by the NHS (e.g., “Nervous System”, “Diagnostic
Imaging, Testing and Rehabilitation”, and “Bones and Joints
of Skull and Spine”) [14]. Admissions were categorised sep-
arately for patients with OI as primary or secondary diagnosis.

Results

Number and costs of admissions

Of the 72,376,430 hospital admissions for the whole NHS
between 1 April 2014 and 31 March 2018, there were
16,245 hospital admissions reported for 4370 patients with a
primary or secondary OI diagnosis, equivalent to a mean of
4061 admissions per year and 0.02% of all NHS admissions in
England. The total cost for these admissions was £24,052,451
for the 4 years of analysis, or an average annual cost of
£6,013,113. Female patients accounted for 8970 (55%) of
these admissions. Of the 4370 patients with either primary
or secondary OI diagnoses, the 2700 (62%) female patients
had an average 3.3 admissions per patient per year, while the
1670 (32%) male patients had an average 4.4 admissions per
patient per year (Fig. 1).

Primary OI diagnoses accounted for 8085 hospital admis-
sions for the entire period, equivalent to a mean 2021 admis-
sions per year. The total cost for these admissions was
£7,842,664 over the 4 years, with a mean annual cost of
£1,960,666. Female patients accounted for 3905 (48%) of
these admissions. Of the 1140 patients with primary OI diag-
noses, the 580 (51%) female patients had an average 6.7 ad-
missions per year. The male patients had an average 7.5 ad-
missions per year (Fig. 1).

Secondary OI diagnoses accounted for 8175 admissions for
the entire period, equivalent to a mean of 2044 admissions per
year. The total cost for these admissions was £16,244,286
over 4 years, with a mean annual cost of £4,061,071.
Female patients accounted for 5075 (62%) of these admis-
sions. Of the 3870 patients with secondary OI diagnoses, the
2465 (64%) female patients had a mean 2.1 admissions per
patient per year and the 1405 (36%) male patients had a mean
2.2 admissions per year (Fig. 1).

Figure 2 shows the monthly numbers of admissions and
patients for primary or secondary OI diagnoses. There was a
statistically significant increase of approximately 1 extra

admission per month (b = 0.80, 95% CI: 0.47 to 1.15; p <
0.001) and 1 extra patient per month (b = 1.06, 95% CI: 0.78
to 1.34; p < 0.001). Over the 4 years of analysis, the number of
admissions increased by an average 2.1% per year and the
number of patients admitted increased by an average 6.4%.

Age groups

Figure 3 shows the number of admissions and estimated costs
per year for either primary or secondary OI diagnoses by age
group. Children aged 0 to 14 years accounted for 54% of all
admissions. We found a sharp decrease in the number of ad-
missions starting at age 15. The number of admissions then
remained relatively stable for adults up to the age of 80, while
only a few admissions per year were reported for adults aged
over 80 years. Total costs per year followed a similar pattern
across age groups. Children aged 0 to 14 years old accounted
for 44% of all hospital inpatient costs. Costs decreased for
young adults, slightly increased for adults aged 45 to 75, then
decreased again for adults over 80.

Figure 4 shows the average length of stay in days and esti-
mated costs per admission by age group for patients with pri-
mary or secondary OI diagnoses for any admission type (day-
case, regular, and ordinary). Length of stay per admission in-
creased with age. The shortest average length of stay per ad-
mission was 0.7 days for those aged 5 to 9 years and the longest
was 10.5 days for those aged 90 to 94 years. Those aged 20 to
24 years had an average length of stay per admission of 5 days,
which was notably longer than that for the neighbouring age
groups of 15 to 19 years (average length of stay of 1.1 days) and
25 to 29 years (average length of stay of 2.4 days).

The average total cost per admission followed a similar
pattern across age groups as the length of stay. Those aged
90 to 94 had the highest average cost per admission of £2972,
while those aged 5 to 9 years had the lowest of £1228.

Methods of admission

Figure 5 compares the number of elective and non-elective
admissions per year for any OI diagnosis. There were
11,115 elective and 5130 non-elective admissions over the 4
years of analysis, equivalent to a mean of 2779 elective and
1283 non-elective admissions per year. Elective admissions
cost an estimated £12,267,721, or £3,066,930 per year. Non-
elective admissions cost an estimated £11,784,729, or
£2,946,182 per year. The average cost for an elective admis-
sion was £1260 with an average waiting time of 96 days from
referral to admission. The average cost for non-elective admis-
sions was £2529 and the mean length of stay 5.9 days. Of the
16,245 admissions, 48% were day-cases, 50% ordinary cases,
and 2% regular attenders. The average yearly increase in num-
ber of admissions was 0.7% for elective admissions and 5.1%
for non-elective admissions.
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Fig. 1 Number of admissions for
female and male patients with a
primary (a), secondary (b), or
either primary or secondary (c) OI
diagnosis
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Procedures

Primary OI diagnosis

As shown in Fig. 6a, most of the admissions (68%) for pa-
tients with a primary OI diagnosis were for a primary proce-
dure classified under chapter X of the classification system,

“Miscellaneous Operations”. The next most common proce-
dure chapter, accounting for 12% of admissions, was Z,
“Subsidiary Classification of Sites of Operation”. Chapter Z
codes are typically used to enhance codes from other chapters
by adding information about an operation site or laterality.

The procedure responsible for the most admissions (63%)
for patients with primary OI diagnosis was “administration of

Fig. 2 Number of admissions and patients per month with a primary or secondary OI diagnosis (April 2014–March 2018)

Fig. 3 Average number of admissions and costs per year for patients with primary or secondary OI diagnoses, reported by age group
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therapeutic substance, including injection, oral, and intrave-
nous administration”, which we identified by searching OPCS
procedure codes and descriptions. Of these, 99.7% were pro-
cedures included in chapter X (Miscellaneous Operations) and
the rest chapter W (Other Bones and Joints).

Chapter X codes (Miscellaneous Operations) accounted
for 42% of all costs associated with admissions with pri-
mary OI diagnoses. Chapter Z procedure codes (Subsidiary
Classification of Sites of Operation) accounted for 25% of
costs and chapter W codes (Other Bones and Joints) 13%

Fig. 4 Average length of stay and estimated cost per admission for patients with primary or secondary OI diagnoses, reported by age group. Note:
Including day-case, regular, and ordinary admissions

Fig. 5 Number of elective and non-elective admissions per year for patients with primary or secondary OI diagnoses
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of costs (Fig. 6b). Thirty-nine percent of all costs were
associated with the administration of therapeutic
substances.

Secondary OI diagnosis

In the case of admissions for which OI was a secondary diag-
nosis, 32% reported primary procedures classified under chap-
ter Z (Subsidiary Classification of Sites of Operation), 14%
under chapter Y (Subsidiary Classification of Methods of
Operation), and 11% under chapter W (Other Bones
and Joints) (Fig. 6c). The main procedure driving ad-
missions was diagnostic radiology, which accounted for
11% of admissions. OPCS procedure codes were used
to identify admissions whose primary procedure was
diagnostic radiology, such as Y98.1 “Radiology of one
body area”.

Most of the costs for admissions of patients with secondary
OI diagnoses were split between chapter Z (Subsidiary
Classification of Sites of Operation; 38%), chapter Y
(Subsidiary Classification of Methods of Operation; 16%),
and chapter W (Other Bones and Joints; 15%) codes (Fig.
6d). Thirteen percent of the total estimated costs were associ-
ated with diagnostic radiology.

Discussion

The aim of this study was to characterise hospital use by
patients with OI in the English NHS. We found that the
NHS provided an average 4061 hospital admissions to pa-
tients with OI each year, with an average annual cost of
£6,013,113 over the 4-year study period. Although there were
more female than male patients, male patients were admitted
more often each year. Children younger than 14 years
accounted for the highest proportion of all admissions and
costs, while adults over 80 years had longer average lengths
of stay and higher costs per admission than other age groups.
Non-elective admissions were on average twice as expensive
as elective admissions. Admissions and costs were mainly
driven by procedures related to administration of therapeutic
substance for patients with primary OI diagnoses and by di-
agnostic radiology for patients with secondary OI diagnoses.
Total numbers of patients and admissions increased each year
between April 2014 and March 2018.

The health needs of people with OI differ between individ-
uals and with time of life. This variability contributes to the
wide variation in the number of health providers that patients
of different age groups see in the US setting [15]. We found
important differences in the number and cost of admissions for
each age group. Children aged 0 to 14 years accounted for the

Fig. 6 Admissions of patients with OI, April 2014 through March 2018.
Main procedures classified by NHS OPCS code chapter for number of
admissions for patients with a primary OI diagnosis (a), cost of

admissions for patients with a primary OI diagnosis (b), number of
admissions for patients with a secondary OI diagnosis (c), and cost of
admissions for patients with a secondary OI diagnosis (d)
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highest proportion of admissions (54%) and costs (44%) of
any age group. Younger adults had considerably fewer admis-
sions than children. Admission numbers remained stable over
most of adulthood, until the age of 80 years, at which point
they decreased further. This pattern of admissions likely re-
flects the use of intravenous bisphosphonates administered in
a hospital setting as the standard of care for moderate to severe
OI in children [16–18]. There is limited evidence that adults
receive this treatment as widely [19, 20]. Young adults aged
20 to 24 had longer stays and higher costs than their nearest
age-group neighbours, which could have been due to outliers.
However, we could not examine this further in the absence of
patient-level data.

Surgical interventions are used to treat fractures, prevent or
correct long-bone deformities, and reduce fracture frequency
in people with OI [21]. The average length of stay and cost per
admission was higher for older age groups, with the longest
length of stay being 10.5 days for those aged 90 to 94 years.
However, only a very small number of admissions were re-
ported for this age group. The longer stays may mirror the
slower rehabilitation time for fractures as people age. Longer
stays are also an indication of the increased, complex
healthcare needs of older patients with OI, which should be
considered when they are admitted to hospital. If hospitals are
more prepared to treat these patients, the patients’ experience
may improve and, if the care given is more effective as a
result, the healthcare system may also reduce costs.

Female patients accounted for a higher proportion of all
admissions than male patients (55% vs 45%) during the 4
years of analysis. This discrepancy was driven by the higher
number of female patients and by admissions where OI was a
secondary diagnosis. This result agrees with some previous
studies finding that female patients were more prone to skel-
etal deformities, such as scoliosis, than male patients [22].
However, other studies have shown that there is considerable
variability between patients with OI, even between those with
the same gene mutation that cannot be attributed to their sex
[23, 24]. Female and male patients with OI may have different
patterns of healthcare utilisation. Further research using
patient-level data is needed to explore these possible patterns.

Patients with OI had on average more admissions per year
(3.3 for female patients and 4.4 for male patients) than the
average NHS patient, who had 0.7 hospital admissions per
year during the same period [25]. Similarly, average patients
with OI had more expensive admissions (£1260 per elective
admission and £2529 per non-elective admissions) than aver-
age NHS patients (£1205 per admission) [25]. The average
yearly increase in elective admissions was, however, similar
for patients with OI (0.8%) and the whole NHS (0.9%, be-
tween 2017/2018 and 2018/2019) [26]. The yearly average
increase in non-elective admissions was higher for patients
with OI (5.1%) than the whole NHS (3.7%, average between
2015 and 2019) [27]. Although non-elective admissions of

patients with OI were less common than elective admissions,
they were still prevalent and very costly. Non-elective admis-
sions may therefore be an area for future research to improve
care for patients with OI. For instance, better monitoring of
patients and work to prevent accidents that lead to non-
elective admissions, such as fractures caused from falls, may
help to avoid non-elective re-admissions.

We identified 4370 patients who had at least one inpatient
hospital admission during the 4 years of analysis. According to
the Brittle Bone Society, around 5000 people in the UK are
living with OI [28]. If these prevalence figures are accurate,
only 13% of all people with OI in the UK did not need hospital
care over 4 years. That the vast majority of these individuals
required hospital care within a relatively short period is an
indication of the increased healthcare needs of patients with OI.

Most admissions with OI as a primary diagnosis were pri-
marily for administration of a therapeutic substance. This like-
ly reflects the common administration of bisphosphonates to
patients with OI [18]. This finding also presents an opportu-
nity for improving the care pathway for patients with OI. A
more flexible approach for providing treatments in settings
outside hospitals, where possible, could reduce the burden
on patients, for instance for travel. It could also reduce the
burden for hospitals by freeing up limited hospital space and
reducing the number of hospital appointments needed.

Diagnostic radiology procedures drove the number and
costs of admissions with OI as a secondary diagnosis. The
classification of procedures by OPCS chapters was not very
informative, with most admissions classified under chapters
that hamper understanding of the treatment provided. Future
studies with access to patient-level data should further explore
the procedures that take place in each admission, which we
could not do with aggregated data.

The management of OI is mainly supportive and focuses
on treating the symptoms of the disease. Nevertheless, new
treatment strategies are currently under study, including
denosumab, teriparatide, sclerostin antibodies, and TGFβ in-
hibitory antibodies [29]. Novel therapies may improve the
treatment of OI and reduce the need for and duration of hos-
pital admissions. Alongside clinical effectiveness, the cost-
effectiveness of new therapies should be considered to deter-
mine whether they reduce the economic burden caused by OI.

Strengths and limitations

This study has some limitations. Only “core” HRG codes and
excess length of stay were considered when estimating costs.
These costs typically capture the bulk of hospital admission
costs, but the exclusion of “unbundled” HRGs does result in
underestimated total costs.

We had access to inpatient admitted patient care data, but
not emergency or outpatient hospital contacts. As patients
with OI have an increased risk of fractures, emergency and
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outpatient admissions are relevant to their healthcare use [19].
We could only describe the reason for hospitalisation admis-
sions at a high level, and the procedure codes available were
often not detailed enough to identify the specific intervention
undertaken. Access to patient-level data and secondary OPCS
codes could provide more in-depth information on the reason
and content of each admission. We were not able to perform
case validation to confirm whether the ICD-10 codes used
effectively captured all admissions of patients with OI.
Although we identified the codes based on expert clinical
opinion and are confident that they identified most relevant
admissions, future studies validating these codes are
recommended.

This study also has strengths. This is one of the first studies
describing the hospital use of patient with OI using routinely
collected, real-world data from all NHS-funded hospital ad-
missions in England. Even though OI is a rare disease, using
HES data allowed us to analyse all OI-coded admissions any-
where in England paid for by the NHS during 4 financial
years. The breadth of our analysis thus offers a detailed picture
of inpatient hospital healthcare use and costs for patients with
OI, which was not previously available.

Conclusion

The results from this paper highlight the considerable volume
of NHS resources currently used to manage patients with OI.
This burden could be reduced by reducing non-elective ad-
missions and providing treatment to patients with OI in non-
hospital settings. Further research based on patient-level data
is needed to better understand the natural history of the disease
and its economic burden on the healthcare system so that
better decisions can be made to support patients living with
OI.
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