Public health impact of adverse bone effects of oral corticosteroids
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Aims The objective of this study was to estimate the number of fractures attributed to
oral corticosteroid use.

Methods Information was obtained from the General Practice Research Database
which contains medical records of general practitioners in the UK. The total number
of corticosteroid-related fractures during a course of treatment was estimated using the
formula for attributable risk among the exposed.

Results A total of 244 235 patients was prescribed an oral corticosteroid. The rate of
hip fractures increased exponentially with age in both males and females. The excess
number of hip fracture cases among females aged 85 years or older using 7.5 mg
prednisolone per day or more was 1.4 cases per 100 patients per year. About 47% of all
hip and 72% of all vertebral fractures that occurred can be attributed to oral
corticosteroid use. Among 10000 female users of higher doses, 99.7 nonvertebral,
31.6 hip and 45.8 vertebral fractures can be attributed to use of oral corticosteroids.
Conclusions The targeting of high-risk patients will be important for implementing
preventative strategies in a cost-effective manner.
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Introduction

Osteoporosis, one of the main complications of oral
corticosteroid treatment, can lead to the development of
fractures, particularly hip and vertebral fractures [1-6].
These fractures are associated with considerable morbidity
and mortality. Various studies have found that between
12 and 40% of all hip fracture cases die within 6 months
[7]. Given the widespread use of oral corticosteroids,
it becomes essential to consider strategies to prevent
fractures. Preventative measures can include changes in life
style such as reducing cigarette smoking or alcohol use and
may also consist of modification of the oral corticosteroid
type, dose or form. Furthermore, bone-active medication
such as bisphosphonates can be prescribed in order to
minimize corticosteroid-induced bone loss [8]. These
preventative strategies could be targeted to the patient
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groups with the largest burden of corticosteroid-related
fractures. The burden of corticosteroid-related fractures is
determined not only by the magnitude of excess fracture
risk with oral corticosteroids but also by the number and
type of patients using this treatment [9]. The objective
of this study was to estimate the number of fractures
attributed to oral corticosteroid use. The data for our study
were obtained from the General Practice Research
Database (GPRD) which contains the computerized
medical records from a large group of general practices.
The population included in GPRD is broadly representa-
tive of the general population in England and Wales
[10, 11].

Methods

General practitioners (GP) play a key role in the health
care system in the United Kingdom as they are responsible
for primary health care and specialist referrals. Patients are
semipermanently aftiliated to a practice which centralizes
the medical information not only from the GPs themselves
but also from specialist referrals and hospitalizations.
The current study included 683 practices from difterent
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geographical areas in the UK. The data recorded in the
GPRD include demographic information, prescription
details, clinical events, preventive care provided, specialist
referrals, hospital admissions and their major outcomes
[10-15]. Clinical data are stored and retrieved by means of
OXMIS codes for diseases that are cross-referenced to the
International Classification of Diseases (ICD-9) [10, 14].
Each entry into GPRD is internally validated by cross-
checking within the practice and by comparisons with
external statistics [10—15]. Only data from practices that
pass this quality control are compiled to form the GPRD
database. Several independent validation studies have
confirmed a high level of completeness and validity of
GPRD [16-19]. The GPRD is owned by the Medicines
Control Agency in the UK.

Study population

A retrospective cohort study was conducted comparing
patients using oral corticosteroids (aged 18 years or older)
with control patients. Details of the methods used in
the investigation and of the relationship between oral
corticosteroid use and risk of fractures are available
elsewhere [20]. Briefly, the oral corticosteroid users were
patients who received one or more prescriptions for
oral corticosteroids. The control patients were patients
who received nonsystemic corticosteroid prescriptions
(topical, aural, ophthalmic or nasal). The nonsystemic
corticosteroids included corticosteroid eye drops and
ointments (British National Formulary 11.4.1), ear drops
and ointments (12.1.1), nasal sprays (12.2.1), and topical
skin creams, ointments and lotions (13.4) [21]. They were
matched by age (within 5 years or if no patient found,
within 10 years), gender and, if possible, medical practice.
Each oral corticosteroid user was followed from start of
oral corticosteroid treatment and was censored at the time
they sustained a fracture, or until 91 days after the last oral
corticosteroid prescription, or until the patient’s change of
practice, death, or the end of the study (whichever date
came first). Documented prescription was a means of
ensuring active registration at the practice [20]. The most
frequently recorded indication for oral corticosteroid
treatment was respiratory disease (40%). Cutaneous or
musculoskeletal disorders were recorded in around 6% of
the oral corticosteroid users. Patients with arthropathies
were most likely to be continuous users [22].

Cases were patients who had a nonvertebral or vertebral
fracture recorded in their medical records during follow-
up. The classification of fractures was based on Interna-
tional Classification of Diseases (9th revision) categories.
Previous studies in GPRD reported a high level of validity
of the GPRD with respect to fractures [19, 23]. Incidence
rates of fractures were calculated by dividing the
number of patients with a fracture by the total number

602

of patient-years of follow-up. Adjusted relative rates were
estimated using Cox proportional hazards models that
included age, gender, and selected risk factors for fractures
[20]. For each oral corticosteroid user, the daily dose over
the total treatment period was estimated by dividing the
total amount of prescribed prednisolone (or equivalent
dose) in milligrams by the treatment time [21]. Three dose
categories were assigned: low dose (less than 2.5 mg
day "), medium (2.5 up to 7.5 mg day ') and high dose
(7.5 mg day ' or more).

Determination of corticosteroid-related fractures

The total number of corticosteroid-related fractures was
estimated using the formula for attributable risk among the
exposed, i.e. the relative rate minus 1 divided by the
relative rate [9, 24, 25]. For each oral corticosteroid user,
the duration of the first course of treatment was estimated
using the life table method. This was done in order to
account for intermittent use. Patients were considered
to have discontinued treatment if they did not receive a
repeat prescription or died within 3 months of the last oral
corticosteroid prescription. Patients were censored if they
left the practice or the study ended within this time period.
The number of fracture cases was then estimated by
multiplying the total duration of treatment with the rate of
fractures. The proportion of corticosteroid-related cases
was based on the attributable risk among the exposed.
As daily dose was a strong determinant of fracture
and duration of use, these calculations were stratified by
daily dose.

Baseline risk score

As the potential confounding variables concerned a large
group of heterogeneous factors with varying degrees of
fracture risk, a single index of baseline risk was estimated
using Miettinen’s multivariate confounder score method
[26-28]. In the complete study population of users of any
form of corticosteroids, patients with a fracture were
identified. A similar number of control patients was
randomly selected. These cases and controls were then
compared using a logistic regression model that included
age, gender, potential confounding variables and interac-
tion terms between these variables and age and gender.
The regression model did not include oral corticosteroid
use or fracture history. Factors associated with fracture and
considered as potential confounding variables included
history of rheumatoid arthritis, hyperthyroidism, con-
gestive heart failure, diabetes mellitus, seizures, anaemia,
dementia, depression, psychotic disorder, cerebrovascular
accident, back pain or falls. Prescriptions in the previous
year for anticonvulsants, methotrexate, thiazide diuretics,
anxiolytics, NSAIDs,

antipsychotics, antidepressants,
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anti-Parkinson drugs, hormone replacement therapy,
bisphosphonates, vitamin D, and calcitonin were also
considered as potential confounding variables. Smoking
and body mass index were also included [29, 30]. The
baseline risk score for each study patient was the predicted
odds of fracture, estimated from the final logistic model
which was selected after backward selection of the various
factors. Separate risk scores at baseline were estimated
for nonvertebral and vertebral fractures. The combined
cohorts of oral corticosteroid users and controls were
divided into five strata on the basis of the baseline risk
score and the fracture rate was calculated for each risk
stratum.

Results

A total of 244235 patients was prescribed an oral
corticosteroid. The majority of the patients was female
(58.6%) and 42.5% of the patients were aged 65 years or
older. An average of 6.8 oral corticosteroid prescriptions
was prescribed during follow-up. The average duration of
a course of treatment was 7.4 months. There were around
50 000 oral corticosteroid users with a low daily dose (less
than 2.5 mg of prednisolone per day), 105000 people
with a dose of 2.5-7.5 mg dayfl, and 88 000 people with
a high dose (7.5 mg or more per day). The course of
treatment was on average longest in the high dose oral
corticosteroid group (3.9 months in the low dose,
7.9 months in medium dose and 8.8 months in the high
dose group).

The rate of hip fractures increased exponentially with
age in both males and females (Figure 1). Females
experienced more hip fractures than males. The rate
ranged from 0.003 cases per 100 patient-years to 1.6 for
the youngest to the oldest female control patients. For
males, the respective figures were 0.004 and 0.8. The use
of high or medium doses of oral corticosteroids was
associated with increased hip fracture rates, with higher
rates of hip fractures in patients using the higher doses. The
excess number of hip fracture cases in the high dose group
(compared to control) was 1.4 cases per 100 patients per
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year among females aged 85 years or older compared with
0.1 cases for females aged 45—54 years.

Around 47% of all hip and 72% of all vertebral fractures
can be attributed to oral corticosteroid use in patients using
this treatment. The highest number of corticosteroid-
related fractures occurred among females using daily doses
of 7.5 mg or more (Table 1). Among 10 000 female high
dose users, approximately 254.2 nonvertebral, 56.5 hip
and 56.8 vertebral fractures occurred during treatment.
Of these fractures, 99.7 nonvertebral, 31.6 hip and 45.8
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Figure 1 Annual incidence of hip fractures stratified by daily
dose (@ high dose, B medium dose, A low dose, [ control),

age and gender.

Table 1 Number of fractures, overall and corticosteroid-related, per 10000 males or females during a course of steroid treatment.

Females Males
Medium dose High dose Medium dose High dose
(m=10000) m=10000) m=10000) m=10000)
Number of Steroid-related Number of Steroid-related Number of Steroid-related Number of Steroid-related
cases overall cases cases overall cases cases overall cases cases overall cases
Non-vertebral 186.8 49.1 254.2 99.7 87.2 22.9 131.3 51.5
Hip 40.9 17.7 56.5 31.6 13.3 5.8 17.9 10.0
Vertebral 31.5 19.3 56.8 45.8 16.0 9.8 34.6 27.9
©2001 Blackwell Science Ltd Br J Clin Pharmacol, 51, 601-607 603



T. P. van Staa et al.

vertebral fractures could be attributed to oral corticoster-
oid use. The male high dose users experienced 131.3
nonvertebral, 17.9 hip and 34.6 vertebral fractures per
10000. Of those fractures, 51.5 nonvertebral, 10.0 hip
and 27.9 vertebral fractures were corticosteroid-related.
Vertebral fractures that occurred in the high dose group
were primarily related to treatment. About 81% of
all vertebral cases and 56% of the hip fractures were
corticosteroid-related in this dose group. For the inter-
mediate dose group, these figures were 61% and 43%,
respectively.

The impact of oral corticosteroid use on fractures
varied substantively across age. Figure 2 provides the
number of fracture cases per 10000 males and females
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who were using high doses of oral corticosteroids.
Among 10000 females treated with high doses, most
corticosteroid-related hip fracture cases were observed in
females aged between 75 and 84 years of age (12.1 hip
fracture cases in this age group). Corticosteroid-related
vertebral fractures occurred most frequently in females
aged 65—74 years of age (17.3 cases). Interestingly, the
group of patients with the highest absolute risk of fractures
(females aged 85 years or older) did not contribute the
largest number of corticosteroid-related fractures, with
totals of 6.5 corticosteroid-related hip fractures per 10 000
females treated with higher doses.

Baseline risk was associated with the rate of fracture.
Control patients with the lowest baseline risk had a
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Figure 2 Number of fractures, overall (solid line) and corticosteroid-related (dashed line), per

a course of high dose treatment, stratified by age and gender.
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nonvertebral fracture rate of 0.6 cases per 100 patients per
year, compared with a rate of 2.8 in the highest baseline
risk group. Similar patterns of increasing fracture rates with
higher baseline risks were observed in each of the three
corticosteroid dose groups. High dose users had a fracture
rate of 1.3 in the lowest and 4.9 in the highest baseline
group. The importance of baseline risk is also illustrated by
the finding that, of 10000 high dose oral corticosteroid
users, the quintile of patients (2000 patients) with the
lowest baseline risk experienced 8.1 nonvertebral, 1.7 hip
and 4.4 vertebral corticosteroid-related fractures. Con-
versely, the quintile of patients with the highest baseline
risk had many more corticosteroid-related fractures (29.3
nonvertebral, 11.4 hip and 15.1 vertebral).

As shown in Table 2, only a minority of patients
received drug treatment after suffering a fracture (hor-
mone-replacement therapy, bisphosphonates, vitamin D
or calcitonin). Patients with vertebral fractures were the
most likely to receive drug treatment. About 33.4% of the
vertebral fracture cases received bisphosphonate treatment
in the 6 months after experiencing the fracture, 5.3%
received vitamin D and 3.7% hormone replacement
therapy. In contrast, 7.2% patients with hip fractures
received bisphosphonates, 3.1% received vitamin D and
2.0% received hormone replacement therapy. Calcitonin
was used infrequently after any fracture type.

Discussion

The calculation of the impact of an exposure on the disease
burden in a population is an important aspect of public
health research. Measures of association such as relative
rates or rate differences convey information about the
strength of the association between exposure and disease
but not information on the actual number of cases that are
related to the exposure [9]. Public health priorities are
influenced by this number of exposure-related cases. In
another part of our study, it was found that the use of oral
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corticosteroids was associated with substantive increases in
fracture risk in the study population. In people using doses
of 7.5 mg per day or more, the risk of hip fractures was
doubled relative to control and the risk of vertebral
fractures was increased four-fold [20]. It was also observed
that oral corticosteroids were being used frequently and by
a heterogeneous group of patients [22]. By integrating the
information on fracture risks and utilization, about 47% of
all hip and 72% of all vertebral fractures experienced by
oral corticosteroid users can be attributed to oral corti-
costeroid use. The highest number of corticosteroid-
related fractures occurred among females using daily doses
of 7.5 mg or more. A total of 31.6 hip and 45.8 vertebral
fractures attributable to oral corticosteroid use occurred
per 10000 females during a course of high doses.
Recent UK guidelines outline a clinical approach to
manage corticosteroid-induced osteoporosis in people
taking or anticipated to be taking daily doses of 7.5 mg
or more of prednisolone for 6 months or longer. A diag-
nostic work-up, followed by therapeutic intervention, is
advised for patients using oral corticosteroids at doses of
15 mg day ' or more and those using doses between 7.5
and 15 mg day ' and with strong risk factors for fracture.
All other patients with doses of 7.5 mg or more should,
according to these guidelines, be monitored periodically
using bone-mass measurements [8]. These guidelines,
based on a review of literature, were developed to provide
a more systematic approach to the identification of high-
risk patients. Most of the studies on the adverse bone
effects of oral corticosteroids concern changes in bone
density. There are, however, only a few studies that have
evaluated the clinically important endpoint of fractures and
the majority included small numbers of oral corticosteroid
users [31]. Although the UK guidelines were formulated
for patients using oral corticosteroids at doses above
7.5 mg day ', we found that the rate of fracture was
increased even at lower doses. Furthermore, the increase
in fracture risk following commencement of oral corti-
costeroid therapy was rapid, with significant increases in

Table 2 Use of bone-active treatment in the 6 months following a fracture*.

Non-vertebral Forearm Hip Vertebral
m=6395) m=1338) m=1072) Mm=1033)
Bisphosphonates 253 51 53 276
(4.9%) (4.4%) (7.2%) (33.4%)
Hormone replacement therapy 251 59 15 29
(4.8%) (5.1%) (2.0%) (3.7%)
Vitamin D 96 14 23 42
(1.8%) (1.2%) (3.1%) (5.3%)
Calcitonin 8 1 1 12
(0.2%) (0.1%) (0.1%) (1.5%)
*Patients who died or transferred out within 6 months of the fracture were excluded.
©2001 Blackwell Science Ltd Br J Clin Pharmacol, 51, 601-607 605
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risk of non vertebral fracture becoming apparent within
the first 3 months of treatment [20].

The findings in our study are consistent with the
emphasis in the UK guidelines to identify and target the
high-risk patients. When identifying the baseline fracture
risks using data on age, gender and medical and pres-
cription histories (no bone density measurements were
available in our study population), we found that the
quintile of 10 000 oral corticosteroid users with the highest
fracture risk at baseline experienced 11.4 hip and 15.1
vertebral corticosteroid-related fractures. This compares
with 1.7 hip and 4.4 vertebral corticosteroid-related
fractures in the lowest baseline quintile. Several studies
have reported that patients with multiple risk factors have
an especially high risk of fractures [32, 33].

Therapeutic interventions for corticosteroid-induced
osteoporosis include treatments with bisphosphonates,
hormone-replacement therapy or calcitriol. The evidence
for the efficacy of these therapies has been summarized
by Eastell [8]. Bisphosphonates have been most widely
studied in patients with corticosteroid-induced osteo-
porosis. In the three larger randomised studies with
bisphosphonates (including more than 100 patients), a
significant prevention of bone loss was observed with
bisphosphonate therapy. Also, a trend towards decreased
fracture rates was observed although this reduction did not
reach statistical significance [34-36].

A contributory role of the underlying disease towards
the increased fracture risks and detection are the main
potential biases of this study. Various analyses did not,
however, support the likelihood that the eftects of
these potential biases were substantive. The relative rate
of fracture in oral corticosteroid users compared with
controls was similar in patient groups with different
underlying diseases (chronic obstructive pulmonary dis-
ease, skin conditions, arthropathies, peripheral nervous
disorders, and noninfectious enteritis and colitis) [20, 23].
Another potential limitation, specific to this study, was
that similar relative rates of fractures were estimated across
different groups of patients. To validate this, interaction
terms were included in the Cox proportional hazards
models. The magnitude of the interactions was generally
small and not statistically significant. Prediction of rela-
tive rates across different patient characteristics was not
improved by including interaction terms. Also, there may
have been underrecording of oral corticosteroid use as, for
example, casualty departments may provide short-term
corticosteroid treatments. The likely effect of this bias
would be an underestimate of the fracture risk of oral
corticosteroids. Several analyses were conducted to assess
the robustness of results to the method of analysis.
Restricting the follow-up to the date of the last event
recorded for the patient in GPRD did not change results
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nor did an analysis excluding patients with a hospitalization
during follow-up [23].

In conclusion, use of higher doses of oral corticosteroids
was associated with a substantive number of fractures,
particularly hip and vertebral fractures. Given the
mortality, which 1is associated with these fractures,
prevention is important. The targeting of high-risk
patients will be important for implementing preventative
strategies in a cost-effective manner.

Funds for this study were provided by Procter & Gamble
Pharmaceuticals. We thank EPIC, the GPRD license holder, for
their support.
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