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Summary

Administration of oral corticosteroids is associated
with the development of osteoporosis and an
increased risk of fractures. However, the size of the
treated sub-population who would benefit from pre-
ventive therapy remains uncertain. The objective of
this study was to investigate the usage pattern of
oral corticosteroids in a large sample representative
of the general population in England and Wales.
Information was obtained from the General Practice
Research Database (GPRD) which contains medical
records of general practitioners. Oral corticosteroid
users were patients aged 18 years or older who
received one or more prescriptions for oral cortico-
steroids. Over 1.6 million oral corticosteroid
prescriptions were issued to the cohort of 244235
oral corticosteroid users. At any point in time, oral
corticosteroids were being used by 0.9% of the total

adult GPRD population. The highest use (2.5%)
was by people between 70 and 79 years of age.
Respiratory disease was the most frequently
recorded indication for oral corticosteroid treatment
(40%). Patients with arthropathies were most likely
to use long-term, continuous treatment, and patients
with chronic obstructive pulmonary disease least
likely (19.3% and 6.1%, respectively, used oral
corticosteroids for more than 2 years). The overall
use of bone-active medication (oestrogens, bisphos-
phonates, vitamin D, and calcitonin) during oral
corticosteroid treatment was low (between 4.0%
and 5.5%). The current population in the UK at risk
of developing corticosteroid-induced fractures might
be as large as 350000. Identification of these
patients will be important for implementing prevent-
ive strategies in a cost-effective manner.

Introduction

Administration of oral corticosteroids has been asso-
ciated with the development of osteoporosis and an
increased risk of fracture. In a large population-based
case-control study, it was found that the risk of hip
fracture doubled during oral corticosteroid treatment
when compared with age- and sex-matched non-
fracture controls." Hip fracture is the most severe of
the fractures related to osteoporosis, and around
20% of all hip fracture patients die within 6 months

after suffering the fracture.” Despite the increased
recent awareness of corticosteroid-induced osteo-
porosis,®™'” the size of this population at risk remains
unclear. The objective of this study was to investigate
the usage patterns of oral corticosteroids in a large
sample representative of the general population in
England and Wales; information was obtained from
the General Practice Research Database (GPRD)
which contains the computerized medical records of
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a large group of medical practices in England and
Wales. There was particular interest in estimating the
prevalence of oral corticosteroid usage, as well as
the dose and natural history of utilization.

Methods

The General Practice Research Database

The current study included 683 practices from differ-
ent geographic areas in the UK, registered with the
General Practice Research Database (GPRD). The
data recorded in the GPRD include demographic
information, prescription details, clinical events, pre-
ventive care provided, specialist referrals, hospital
admissions and their major outcomes.'®?' 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).'7-?°
Each entry into GPRD is internally validated by
cross-checking within the practice and by compar-
isons with external statistics.'®?' Only data from
practices that pass this quality control are compiled
within the GPRD database. Several independent
validation studies have confirmed a high level of
completeness and validity of GPRD,”* which is
owned by the Department of Health in the UK.

Study population and methods

The study sample was selected from the GPRD to
comprise a large retrospective cohort study aiming
to evaluate the relationship between oral cortico-
steroid use and fracture risk.*® Oral corticosteroid
users were defined as permanently registered patients
aged 18 years or older who received one or more
prescriptions for oral corticosteroids during the period
of time from the enrolment date of their practice in
GPRD up to the end of data collection (December
1997). The average for this time period was 4.7
years. For each oral corticosteroid user, the daily
corticosteroid dose over the total treatment period
was estimated by dividing the total amount of
prescribed prednisolone (or equivalent dose) in milli-
grams by the treatment time.”” The treatment time
was taken as the time from the first oral corticosteroid
prescription until 31 days after the last prescription.
Three dose categories were assigned: low dose
(2.5 mg per day), medium (2.5-7.5 mg per day) and
high dose (7.5 mg per day or more).

The indication for oral corticosteroid treatment
was obtained by reviewing the morbidity recorded
at the date on which a new course of treatment was
started. At the commencement of new drug treat-
ment, the general practitioners are required to record
the indication for treatment on the same date in the
medical record. Patients who received their first oral

corticosteroid prescription at least 6 months after
they were registered at the practice or after the
practice enrolled in GPRD were considered to have
started a new course of treatment. The morbidity
recorded at the date of starting the oral corticosteroids
was categorized according to the International
Classification of Diseases (9th revision) categories.
Patients were also classified according to the pres-
ence of concomitant disease. This classification was
based on the clinical details recorded during the
period from 6 months before commencing treatment
until the cessation of oral corticosteroid treatment.
These concomitant disorders included chronic
obstructive pulmonary disease (ICD codes 490-496),
inflammatory skin disorders (690-698), arthropathies
(710-719), peripheral nervous system disorders
(350-359) and non-infectious  enteritis/colitis
(555-558).

Statistical methods

A point prevalence estimate for oral corticosteroid
use in the total adult GPRD population was estimated
by dividing the total duration of oral corticosteroid
use by the total observation time of GPRD. This
prevalence estimate provides a cross-sectional meas-
ure of oral corticosteroid use. The total duration of
oral corticosteroid use for this analysis was based on
the length of use with each individual prescription.
Kaplan-Meier survival analysis was conducted in
order to estimate the duration of a course of oral
corticosteroid treatment. Patients were considered to
have discontinued treatment if they did not receive
a repeat prescription within 3 months after the last
oral corticosteroid prescription. Patients who trans-
ferred out, who died within 3 months of their last
prescription, or who received their last prescription
in the last 3 months of the study were censored.

Results

We identified 244235 oral corticosteroid users in
GPRD. Over 1.6 million oral corticosteroid prescrip-
tions were issued to these 244 235 oral corticosteroid
users. Within this cohort, 103 008 people received
one prescription during follow-up, 37424 people
received two prescriptions and 103 803 people
received three or more prescriptions. The mean and
median numbers of prescriptions were 6.8 and 2.0
prescriptions, respectively. Prednisolone was the
most frequently prescribed oral corticosteroid (90.8%
of all prescriptions). Hydrocortisone and dexametha-
sone were given in 3.1% and 2.0% of prescriptions,
respectively. The average dose over the follow-up
period (from first prescription to last prescription)
was 8.1 mg/day.
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The prevalence of oral corticosteroid use in the
total adult GPRD population is shown in Figure 1.
The use of oral corticosteroids varied substantively
over age, but was similar between males and females.
At any point in time, oral corticosteroids were being
used by 0.9% of the GPRD population (females and
males combined). The highest use was by patients
between 70 and 79 years of age (2.5%) and the
lowest among patients between 20 and 29 years of
age (0.2%). Of the three dose categories, the inter-
mediate dose (2.5-7.5 mg daily) was used most
frequently (0.4% of the population). The prevalence
of higher-dose therapy (>7.5 mg daily) was 0.3%,
and that of lower-dose treatment (<2.5 mg daily)
was 0.1%. For all three dose categories, patients
aged 70-79 vyears were using oral corticosteroids
most frequently (0.9% in the high-, 1.3% in the
intermediate- and 0.3% in the low-dose group). The
lowest use was found in patients aged 20 to 29 years
(0.08% in the high-, 0.09% in the intermediate- and
0.05% in the low-dose group).

The most frequently recorded indication for oral
corticosteroid treatment was respiratory disease:
around 40% of the patients had respiratory diseases
recorded (Table 1) and 13% had associated res-
piratory symptoms. Cutaneous or musculoskeletal
disorders were recorded in around 6% of the oral
corticosteroid users.

Most patients received corticosteroid treatment for

a short period of time. Treatment was continued for
>6 months in only 22.1% of patients and for >5
years in only 4.3%. The utilization pattern was
similar for both sexes, but elderly patients used oral
corticosteroids for longer periods than younger
patients. Oral corticosteroid treatment was continued
for over 2 years by 20.0% of the oldest men and
20.1% of the oldest women, compared to 2.8% of
the youngest men and 2.0% of the youngest women.
In a separate analysis, we examined the impact of
dose on the continuation of oral corticosteroid treat-
ment. Patients on higher doses of oral corticosteroids
were more likely to continue treatment for longer
periods of time: 17.5% of these patients continued
treatment for >2 years compared to only 1.1% of
the low-dose patients.

Figure 2 shows the percentage of people who
continued oral corticosteroid treatment stratified by
concomitant disease. Patients with arthropathies were
most likely to continue treatment: 19.3% used oral
corticosteroids for >2 years. Patients with chronic
obstructive pulmonary disease were least likely to
continue treatment (6.1% for >2 years).

The concomitant use of bone-active treatments
(hormone replacement therapy, bisphosphonates, vit-
amin D, and calcitonin) was also examined. The
overall use of bone-active medication (any type)
during oral corticosteroid treatment was very low,
ranging from 4.0% to 5.5%. As shown in Figure 3,
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Figure 1. Use of oral corticosteroids in the total GPRD population, stratified by dose, age and gender.
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Table 1 Indication for oral corticosteroid treatment

Indication ICD code No. of people (%)
Respiratory system 460-519 64377 (39.9%)
Chronic obstructive pulmonary disease 490-496 49273 (30.5%)
Other disease respiratory system 510-519 10914 (6.8%)
Acute respiratory infection 460-466 4050 (2.5%)
Disease skin and subcutaneous tissue 680-709 10084 (6.2%)
Other inflammatory disease skin 690-698 5685 (3.5%)
Other disease skin 700-709 4136 (2.6%)
Disease musculoskeletal and connective tissue 710-739 9967 (6.2%)
Rheumatism excluding back 725-729 6502 (4.0%)
Arthropathies 710-719 2861 (1.8%)
Disease nervous system 320-389 5553 (3.4%)
Peripheral nervous disease 350-359 2972 (1.8%)
Eye/adnexa disorders 360-379 1117 (0.7%)
Digestive system 520-579 4568 (2. 8%)
Non-infectious enteritis and colitis 555-558 2467 (1.5%)
Neoplasms 140-239 3644 (2.3%)
Diseases circulatory system 390-459 3113 (1.9%)
Disease arteries/capillaries 440-448 1572 (1.0%)
Injury and poisoning 800-999 2115 (1.3%)
Unknown 32901 (20.4%)
Total number of persons (=6 months 161522
retrospective information)
bisphosphonate and vitamin D use became more Discussion

prevalent over the duration of oral corticosteroid
treatment, particularly in the intermediate cortico-
steroid dose categories. The use of bisphosphonates
increased among users of high doses of oral cortico-
steroids from 0.6% in the first 3 months to 2.4% at
5 years of treatment. At 5 years, the highest use of
bisphosphonates was observed among the women
aged 45-84 years using high doses of oral cortico-
steroids (6.4%, 8.4%, 9.8% and 5.9% in the women
aged 45 to 54, 55 to 64, 65 to 74, and 75 to 84
years, respectively). Similarly, the use of vitamin D
increased from 0.4% at the beginning to 1.1% at 5
years of high-dose oral corticosteroid treatment. The
women aged 45 to 84 years showed the highest use
(2.7%, 2.9%, 1.7% and 2.6% in the women aged
45 to 54, 55 to 64, 65 to 74, and 75 to 84 vyears,
respectively). Concomitant use of calcitonin was very
low in all three dose groups. The use of HRT did
not change substantially over duration of oral cortico-
steroid treatment. The low-dose group had the highest
HRT use compared to the high-dose group, an
observation accounted for by the different propor-
tions of women in each of the three dose groups,
and the use of HRT for non-osteoporosis indications.
HRT use was the highest among the women aged
45-64 years. Of the women aged 45-54 vyears,
30.2% received one or more HRT prescriptions
during oral corticosteroid treatment. For the women
aged 55-64 years, this figure was 15.9%.

We have evaluated the utilization patterns of oral
corticosteroids in a large cohort representative of the
general population of England and Wales. Oral
corticosteroids are used frequently, especially by the
elderly. The likelihood of long-term oral cortico-
steroid use was related to age and concomitant
disease. High doses of oral corticosteroids, which
have the largest associated fracture risk, were used
by 0.9% of the people aged 70 years or older. The
use of bone-active treatments to prevent or treat the
adverse skeletal effects of oral corticosteroids was,
however, very low.

The widespread use of oral corticosteroids, par-
ticularly in the elderly population, indicates the need
to quantify precisely the risk of corticosteroid-
induced fractures and to identify the patients at
highest risk of developing such fractures. Although
oral corticosteroids have been used for the last 5
decades, there are few data on the magnitude of risk
of corticosteroid-induced fractures and the determin-
ants of this risk. Most information on the adverse
bone effects of oral corticosteroids has been obtained
from studies that evaluated changes in bone density
during oral corticosteroid treatment.'®'" There has
been only one large study focusing on hip fracture,
and it was not able to provide information on
the relationship of fracture risk to dose or duration
of oral corticosteroid use." In our study, all oral
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Figure 2. Percentage of patients who continued oral
corticosteroid treatment over time, stratified by concomit-
ant disease.

corticosteroid users had a significantly increased risk
of hip fracture (OR=1.61) relative to controls.”® The
risk of hip fracture was not significantly elevated
among low-dose oral corticosteroid users, increased
(OR=1.77) with a daily prednisolone dose of
2.5-7.5 mg, and was highest (OR=2.27) with doses
of 7.5 mg daily or higher.*®

Of the adult GPRD population, 0.9% were using
oral corticosteroids. Extrapolation of these figures to
the UK population as a whole (approximately 44.4
million adults in 1996) suggests that around 409 000
people currently use corticosteroids; 93 000 are
taking doses > 7.5 mg prednisolone daily, and have
done so for >6 months; 350000 are using cortico-
steroids at doses >2.5 mg prednisolone or equiva-
lent daily. Fracture rates appear to increase even for
those using lower doses of oral corticosteroids (at
doses between 2.5-7.5 mg) and also increase shortly

after commencement of oral corticosteroid treat-
ment.”® To quantify more precisely the number of
patients at risk of developing corticosteroid-induced
fractures, these findings will need to be confirmed.

Recent UK guidelines indicate that treatment for
corticosteroid-induced osteoporosis should be consid-
ered if oral corticosteroids are to be used for >6
months at doses of 7.5 mg per day or more.*® It is
unclear whether other characteristics predispose
patients to increased risks of corticosteroid-induced
fracture. Three small studies have evaluated fractures
rates in subgroups of oral corticosteroid users. These
studies only evaluated age and gender and had
inconsistent results, possibly due to the small numbers
of patients.”*>" Our results indicate great heterogeneity
in the population using oral corticosteroids. They were
used for a broad range of indications, at different
doses, for varying durations and by patients of different
age, gender and medical histories. In order to individu-
alize and target preventive therapy with bone-active
drugs, identification of patients at high risk for cortico-
steroid-induced fractures is needed. Given this wide-
spread use in different patient groups, there is a need
for further studies on the individual susceptibility to
corticosteroid-induced fractures.

The use of oral corticosteroids in the UK has been
addressed in two previous studies. These were cross-
sectional surveys which included only a few hundred
patients, one conducted in a hospital and the other
in eight general practices of a single region.*”*> The
hospital study reported that the most common indica-
tions for oral corticosteroids were chest disease
(39.2%) and neoplasm (7.9%).>* The results of the
primary-care study were different: here the most
frequent indications were rheumatoid arthritis
(23.1%) and polymyalgia rheumatica (21.7%); chest
disease accounted for 19.5% of oral corticosteroid
use.”> Comparison with the results of our study is
difficult given the differences in design and setting.
Our study used a large longitudinal cohort with
accrual of the study population over several years of
observation. When weighting patients according to
duration of use, respiratory disease accounted for
26.0% of oral corticosteroid use and musculoskeletal
disease for 15.7% in our study. Patients with short-
term exposure are more likely to be included in such
longitudinal studies compared with cross-sectional
studies. The greater frequency of pulmonary disease
in our study is most likely to be explained by this
difference in study design. Furthermore, our study
was conducted in a large group of general practices
which have registered a patient population that is
known to be broadly representative of the population
of England and Wales.'”"*?'

Our classification of the indication was limited by
the observation that the indication for oral cortico-
steroid treatment was not specified in the medical
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Figure 3. Trends in bone-active treatments over duration of oral corticosteroid use.

records of 20% of the patients. The physicians of
GPRD are expected to record the indication on the
date of starting the treatment. For repeat prescriptions,
it is normally only necessary to enter the indication
the first time the drug is being used. The reason for
not specifying the indication for treatment in 20%
of the patients is unknown. One possible explanation
may be that oral corticosteroids may have already
been previously prescribed, prior to the start of data
collection for GPRD. Consistent with our results on
indication for treatment, respiratory disease was the
most frequently recorded condition (in the 6 months
prior to start of oral corticosteroids) among the 20%

of the patients who did not have their indication
specified.

In conclusion, we have shown that oral cortico-
steroids are widely used over a broad range of
indications for varying durations of time. The current
population at risk of developing corticosteroid-
induced fractures in the UK might be as large as
350000 individuals. Bone-active drugs are used
infrequently among oral corticosteroid users. Further
studies to characterize the risk factors for fracture in
corticosteroid users, and measures to identify and
treat those subjects at the highest risk of future
fracture, are urgently required.



Use of oral corticosteroids

Acknowledgements

Funds for this study were provided by Procter &
Gamble Pharmaceuticals. We thank EPIC, the GPRD
licence holder, for their support. The manuscript was
prepared by Mrs G. Strange.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Cooper C, Coupland C, Mitchell M. Rheumatoid arthritis,
corticosteroid therapy and hip fracture. Ann Rheum Dis
1995; 54:49-52.

. Kanis JA, Pitt FA. Epidemiology of osteoporosis. Bone 1992;

13:57-S15.

. Spector TD, Sambrook PN. Steroid osteoporosis. Br Med |

1993; 307:519-20.

. Compston JE. Review article: osteoporosis, corticosteroids

and inflammatory bowel disease. Aliment Pharmacol Ther
1995; 9:237-50.

. Cooper C, Kirwan JR. The risk of local and systemic

corticosteroid administration. Bailliere Clin Rheumatol
1990; 4:305-32.

. Cooper C. Osteoporosis in rheumatological practice:

questions to be answered. Ann Rheum Dis 1995; 54:1-2.

. Dequeker J, Westhovens R. Low dose corticosteroid

associated osteoporosis in rheumatoid arthritis and its
prophylaxis and treatment: Bones of contention.
J Rheumatol 1995; 22:1013-19.

. Dequeker J, Verwilghen MJ, Westhovens R. Osteoporosis in

rheumatoid arthritis. Clin Exp Rheumatol 1995; 13 Suppl.
12:521-6.

. Henderson NK, Sambrook PN. Relationship between

osteoporosis and arthritis and effect of corticosteroids and
other drugs on bone. Curr Opin Rheumatol 1996; 8:365-9.

Lukert B. Glucocorticoid-induced osteoporosis. In:
Marcus R, Feldman D, Kelsey J, eds. Osteoporosis. San
Diego, Academic Press, 1996:801-13.

Reid IR. Gluco-corticoid-induced osteoporosis and other
forms of secondary osteoporosis. In: Meunier PJ, ed.
Osteoporosis: diagnosis and management. London, Martin
Dunitz, 1998:233-50.

Sambrook PN, Jones G. Corticosteroid Osteoporosis. Br

J Rheumatol 1995; 34:8-12.

Sambrook PN. Corticosteroid Induced Osteoporosis.

J Rheumatol 1996; 23 (Suppl 45):19-22.

Picado C, Luengo M. Corticosteroid-induced bone loss.
Drug Saf 1996; 15:347-59.

Weisman MH. Corticosteroids in the treatment of rheumatic
diseases. Curr Opin Rheumatol 1995; 7:183-90.

Hall G. Pharmacoepidemiology using a UK Database of
Primary Care Records. Pharmacoepidemiol Drug Saf 1992;
1:33-7.

Lis Y, Mann RD. The Vamp Research Multi-purpose
Database in the U.K. J Clin Epidemiol 1995; 48:431—-43.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

111

Mann RD, Hall G, Chukwujindu J. Research implications of
computerised primary care. Post Marketing Surveillance
1992; 5:259-68.

Hollowell ). General Practice Research Database (GPRD):
Scope and quality of data. London, Office of Population
Censuses and Statistics, 1994.

Anonymous. The general practice research database:
information for researchers. London, Office for National
Statistics, 1996.

Walley T, Mantgani A. The UK General Practice Research
Database. Lancet 1997; 350:1097-9.

Jick H, Jick SS, Derby LE. Validation of Information recorded
on general practitioner based computerised data resource in
the United Kingdom. Br Med J 1991; 302:766-8.

Jick H, Terris BZ, Derby LE, Jick SS. Further validation of
information recorded on a general practitioner based
computerised data resource in the United Kingdom.
Pharmacoepidemiol Drug Saf 1992; 1:347-9.

Nazareth I, King M, Haines A, Rangel L, Myers S. Accuracy
of diagnosis of psychosis on general practice computer
system. Br Med ] 1993; 307:32-4.

van Staa TP, Abenhaim L. The quality of information
recorded on a UK database of primary care records: a study
of hospitalization due to hypoglycemia and other
conditions. Pharmacoepidemiol Drug Saf 1994; 3:15-21.

van Staa TP, Abenhaim L, Zhang B, Leufkens B, Cooper C.
Use of oral corticosteroids and risk of fractures. / Bone
Miner Res 2000; in press.

British Medical Association and the Royal Pharmaceutical
Society of Great Britain. British National Formulary Number
32 (September 1996). Wallingford, UK, Pharmaceutical
Press, 1996.

Eastell R, Reid DM, Compston J, Cooper C, Fogelman |,
Francis RM, Hosking DJ, Purdie DW, Ralston SH, Reeve J,
Russell RGG, Stevenson JC, Torgerson DJ. A UK consensus
group on management of glucocorticoid induced
osteoporosis: an update. J Intern Med 1998; 244:271-92.

McDougall R, Sibley J, Haga M, Russell A. Outcome in
patients with rheumatoid arthritis receiving prednisone
compared to matched controls. ] Rheumatol 1994;
21:1207-13.

Laan RFJM, Van Riel PLCM, Van Erning LJThO, Lemmens
JAM, Ruijs SHJ, Van de Putte LBA. Vertebral osteoporosis in
rheumatoid arthritis patients: Effect of low dose prednisone
therapy. Br J Rheumatol 1992; 31:91-6.

Butler RC, Davie MW)J, Worsfold M, Sharp CA. Bone
mineral content in patients with rheumatoid arthritis:
Relationship to low-dose steroid therapy. Br ] Rheumatol
1991; 30:86-90.

Peat DI, Healy S, Reid DM, Ralston SH. Steroid induced
osteoporosis: an opportunity for prevention? Ann Rheum
Dis 1995; 54:66-8.

Walsh LJ, Wong CA, Pringle M, Tattersfield AE. Use of oral
corticosteroids in the community and the prevention of

secondary osteoporosis: a cross sectional study. Br Med |
1996; 313:344-6.



