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SUMMARY

This study examined the effects of cyclical etidronate, when used in routine clinical practice, on the prevention of fracture.
Information was obtained from 550 general practices in the UK that provide their medical records to the General Practice
Research Database. A total of 7977 patients taking cyclical etidronate treatment and 7977 age-, sex- and practice-matched
control patients with a diagnosis of osteoporosis were analysed. People taking cyclical etidronate had a significantly reduced
risk of non-vertebral fracture (by 20%) and of hip fracture (by 34%) relative to the osteoporosis control patients. The relative
risk of non-vertebral fracture was 0.80 (95% confidence interval 0.70-0.92), that of hip fracture 0.66 (0.51-0.85) and that
of wrist fracture 0.81 (0.58—1.14). When fracture incidence rates were compared between the two groups, the rate of
non-vertebral, hip and wrist fracture decreased significantly (P < 0.05) with increasing etidronate exposure. The results of
this study complement and extend clinical observations supporting the anti-fracture efficacy of cyclical etidronate therapy.
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OSTEOPOROSIS i1s a common skeletal disorder, charac-
terized by decreased bone mass and disrupted bone
architecture, that results in reduced bone strength
and an increased risk of fracture [1-3]. The major
clinical manifestations include vertebral, wrist and
hip fractures, and these constitute a major health
problem among the elderly [4]. Many drugs are
capable of decreasing the rate of bone loss in
osteoporosis. However, the degree to which bone loss
is retarded may not always predict the extent of
fracture prevention [5-7]. It is, therefore, necessary to
study the direct effects of drug intervention on
fracture risk [8].

Most clinical trials using fracture as an end point
have been confined to vertebral fracture; however,
most of the morbidity and mortality associated with
osteoporosis results from non-vertebral fractures. The
correlations between bone mineral density measured
at different skeletal sites are modest and risk factors
vary between different fracture sites [9,10]. Also,
there may be difficulties in generalizing from clinical
trial patients to patient populations in routine clinical
practice due to selective patient participation and
differences in treatment compliance and patient
monitoring [11-13]. Observational research can
complement and extend the findings of randomized
controlled trials [14-17]. The major limitations of
observational research are that control for confound-
ing (i.e. baseline differences) may be incomplete and
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that patients and prescribers are not blinded to treat-
ment.

The purpose of this report is to document, in a
general practice setting, the fracture rates among
persons receiving cyclical etidronate compared to
persons with a diagnosis of osteoporosis who were
not taking a bisphosphonate.

SUBJECTS AND METHODS

General practitioners (GPs) play a key role in the
health care system in the UK as they are responsible
for primary health care and specialist referrals. The
information in this study was obtained from the
General Practice Research Database (GPRD), which
contains the computerized medical records of 550
general practices including 3.5 million people. 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 [18-22].
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) [19,22]. Each entry into the GPRD is internally
validated by cross-checking within the practice and
by comparisons with external statistics [18-22]. Only
data from practices that pass this quality control are
compiled to form the GPRD. Several independent
validation studies have confirmed a high level of
completeness and validity of the GPRD [23-26]. In
the largest validation study, the sensitivity and
positive predictive value of most conditions reviewed
(including non-vertebral fractures) were found to be
>90% [26].
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Study population

The etidronate takers in this study were patients
who received one or more cyclical etidronate pre-
scriptions (14 days of etidronate followed by 76 days
of calcium). The indication for cyclical etidronate in
the UK was treatment of established vertebral osteo-
porosis. The control patients were patients with
osteoporosis recorded in their medical record, but no
bisphosphonate use; they were matched by age
(within 5 yr and, if no patient found, within 10 yr),
gender and, if possible, medical practice. The baseline
date for each control patient was defined as the base-
line date of their matched etidronate taker (i.e. first
etidronate prescription). For a small number of
control patients who had transferred to another
practice or died prior to baseline, a baseline date was
selected randomly between the registration and trans-
fer dates. Each etidronate taker was followed from
baseline until they sustained a fracture, until 6
months after the last etidronate prescription, or until
the patient’s change of practice, death or end of the
study in July 1995 (whichever date came first).
Control patients were followed until fracture, or end
of follow-up of their matched etidronate taker, the
patient’s change of practice, death or end of study.
The objective of this design was to have comparabil-
ity of age and gender between the different groups,
and to have the information collected from within
the same practice and over a similar time period. A
non-osteoporosis control patient (i.e. without osteo-
porosis recorded and matched by age, gender and
practice) was also selected randomly and used to
evaluate the validity of fracture information and the
composition of our study cohorts with respect to the
severity of osteoporosis.

Fractures were sought in the medical records of
each subject during follow-up. The fractures, based
on ICD-9 categories, included non-vertebral and
vertebral fractures. Factors associated with the
development of osteoporosis, the likelihood of falling
or the treatment of osteoporosis were identified
within the database and considered as potential con-
founding variables [27-46]; these included diabetes
mellitus, rheumatoid arthritis, hyperthyroidism,
congestive heart failure, seizures, anaemia, dementia,
depression, cerebrovascular accident, falls, and a his-
tory of fractures and back pain prior to baseline.
Prescriptions during follow-up for anticonvulsants,
methotrexate, corticosteroids, thiazide diuretics,
anxiolytics, anti-psychotics, anti-depressants, anti-
Parkinson drugs, hormone replacement therapy, vit-
amin D and calcitonin were also considered potential
confounding variables [27-46]. Baseline risk factor
information was ascertained using the entire medical
record of a patient, irrespective of the length of time
between the practice enrolment date or patient’s
registration date and the baseline date of the patient.

Statistical methods
Incidence rates of hip, wrist, vertebral and all non-
vertebral fractures were estimated by dividing the

number of patients with a fracture by the total
number of patient-years of follow-up. This method
for estimating incidence is widely used in circum-
stances characterized by varying durations of follow-
up [47,48]. The principal outcome measure in this
study was the number of patients with a fracture,
rather than the number of fractures. The reason for
this was that multiple fractures in the same patient
may not be independent events [49]. Adjusted relative
rates were estimated using a Poisson regression
model that included selected confounding variables.
Confounding variables that either caused a change in
the crude rate of at least 10% or were strongly
associated with the development of a fracture (unad-
justed relative risk of >1.50 or <0.67 in our data
set) were included in the regression model on the
basis of the goodness of fit [50]. Confidence intervals
were based on the method for test-based
intervals [47]. Cumulative survival curves were also
constructed and Cox proportional hazards models
fitted.

Incidence rates were estimated for the first year of
treatment/follow-up, second year, and third year or
later. The presence of a linear trend over these years
was estimated for each cohort separately using
Poisson regression. This analysis concerned the in-
cidence patterns in the etidronate cohort irrespective
of the control group. The linear trends were also
compared between the two groups. The linear trend
difference (i.e. angle between the two trends) was
estimated using a Poisson regression model that
included confounding variables and, if significant, the
baseline fracture history.

RESULTS

The etidronate cohort, including 7977 patients of
whom 7244 were women, was followed for a mean
period of 1.29 yr per person. A total of 1829 patients
were treated for 2 yr or more. All the cyclical etidro-
nate takers were matched for gender and age within
10 yr; ~80% of the cyclical etidronate takers were
matched within practice to an osteoporosis control.
The two cohorts had follow-up information collected
at comparable calendar time.

The etidronate and control cohorts were compar-
able with respect to age and gender (Table I).
Cyclical etidronate takers were more likely to have a
history of back pain in the previous year (39.9% of
etidronate takers vs 13.1% among controls), of ver-
tebral fractures (8.8% vs 1.1%) and of use of
corticosteroids (26.0% vs 14.0%). The two cohorts
were more comparable with respect to history of
non-vertebral fractures (6.8 and 4.5%, respectively)
and history of falls (5.3 and 5.4%, respectively).

Table II shows the non-vertebral fracture incidence
by comparison group. In the etidronate group, the
incidence of non-vertebral fractures was 3.9/100
patient-years compared to an incidence of 4.7 in the
control group. Adjustment for confounding variables
did not change the relative risk of non-vertebral
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TABLE I
Characteristics of etidronate and osteoporosis control group

Cyclical etidronate group Osteoporosis control group

(N = 17977) (N = 7977)

Total duration of follow-up (patient-years) 10.328 9342

Mean 1.29 1.17

Median 0.99 0.86
Women 7244 (90.8%) 7244 (90.8%)
Age (yr)

Mean 71.6 73.4

Median 73 74
Disease history in year prior to baseline*

Back pain 2514 (39.9%) 808 (13.1%)

Falls 334 (5.3%) 332 (5.4%)

Osteoporosis/vertebral osteoporosis
Prescription history in year prior to baseline*
Corticosteroids (oral, suppository, parenteral)
Calcium
Hormone replacement therapy
Fracture history in year prior to baseline*
Non-vertebral fracture
Vertebral fracture
Vertebral X-ray in year prior to baseline*
Hip/wrist X-ray in year prior to baseline*

4603 (73.1%) 1062 (17.2%)
1635 (26.0%)
1539 (24.4%)
525 (8.3%)

864 (14.0%)
1513 (24.5%)
758 (12.3%)

431 (6.8%) 277 (4.5%)

556 (8.8%) 65 (1.1%)
881 (14.0%) 181 (2.9%)
174 (2.8%) 73 (1.2%)

*Information is derived from 78% of the cohort (12 470 people) with at least 1 yr retrospective information prior to baseline.

fractures (adjusted relative risk of 0.80). People
taking cyclical etidronate had a significantly reduced
risk of hip fracture (by 34%) relative to the osteo-
porosis controls [relative risk = 0.66; 95% confidence
interval (CI) 0.51-0.85]. The greatest effect on hip
fracture risk was seen in females aged 76 yr or older
who experienced a risk reduction of 44% (relative
risk = 0.56; 95% CI 0.41-0.77). Wrist fractures
occurred less frequently in the etidronate group,
although the difference was not statistically significant
(relative risk = 0.81; 95% CI 0.58-1.14).

Within the etidronate cohort, the incidence of non-
vertebral fractures decreased significantly over time
(test for linear trend over yr 1-3+; P = 0.01). The
incidence was 4.3% in the first year of treatment,
3.4% in the second, and 2.9% in the third year and
later (Table II). In contrast, fracture incidence
remained stable in the control group. When compar-
ing the slope of fracture incidence over time between
the two groups, the rate of decline was significantly
greater in the etidronate cohort for non-vertebral, hip
and wrist fractures compared to the control group.
Figure 1 illustrates a survival plot of the proportion

of subjects free of fracture over time according to
treatment group.

The two groups were not comparable at baseline
for vertebral fracture risk, with a higher baseline risk
for the etidronate cohort (vertebral fracture history
in 8.8% of etidronate takers and 1.1% of control
patients). When comparing the overall incidence
between the two groups, the vertebral fracture risk of
cyclical etidronate takers was reduced to a level sim-
ilar to that experienced by the less severely affected
osteoporosis control patients (relative risk = 1.26;
95% CI 0.95-1.67). The difference between the crude
and adjusted relative rate was substantial (1.60 vs
1.26, respectively), supporting the notion that the
etidronate and control cohorts were not comparable
in the distribution of confounding variables.

Within the etidronate cohort, the vertebral fracture
risk decreases significantly over time (test for linear
trend over yr 1-3+; P = 0.002). The incidence was
1.8% in the first year of treatment, 0.9% in the
second, and 1.0% in the third year and later. In
contrast, fracture incidence remained stable in the
control group. When comparing the slopes of the

TABLE 11
Incidence of non-vertebral fractures over time by comparison group

Cyclical etidronate group

Osteoporosis control group

Exposure Number Exposure Number
(patient-years) of cases Fracture rate (%) (patient-years) of cases Fracture rate (%)
Baseline 6300% 431 6.8 6170% 277 4.5
Year 1 6020 256 43 5775 280 4.8
Year 2 2651 91 3.4 2259 97 43
Year 3+ 1273 37 2.9 937 45 4.8
Total 9943 384 3.9 8970 422 4.7

Adjusted relative rate

0.80 (95% CI 0.70-0.92)

*Information is derived from 78% of the cohort with at least 1 yr retrospective information prior to baseline.



90 BRITISH JOURNAL OF RHEUMATOLOGY VOL. 37 NO. 1

100%

wrist fracture

hip fracture

95% T

90% T

etidronate takers "-"-1..'

non-vertebral
-------- osteoporosis controls b | fracture

85%

3 6 9 12 15 18 21 24 27 30 33 36
Months

F1G. 1.—Cumulative proportion of people without non-vertebral,
hip or wrist fracture by comparison group.

fracture rates over time between the two groups and
taking into account their baseline fracture risk,
vertebral fracture incidence decreased significantly in
the etidronate cohort relative to the control group.

DISCUSSION

We found that patients who received cyclical eti-
dronate treatment had a lower risk of non-vertebral
fracture, including hip fractures, than the control
patients with a diagnosis of osteoporosis. The results
of our study are consistent with the results of ran-
domized clinical studies on the effects of bisphospho-
nates. Progressive increases in bone mass at the spine
and hip, as well as significant reductions in fracture
rate, have been observed with cyclical etidronate and
other bisphosphonates [51]. Both cyclical etidronate
and alendronate have been found in clinical trials to
reduce vertebral fracture incidence by ~50% [52-55].
In the largest clinical trial of a bisphosphonate to
date, a 51% reduction in the risk of hip fracture was
found with alendronate [55]. Although no comparat-
ive studies have been conducted and there are sub-
stantial differences between these studies in design,
sample size and patient characteristics, the data
suggest that different bisphosphonates may have com-
parable efficacy in post-menopausal osteoporosis [51].
A comparative randomized trial would be needed to
test this notion fully. With respect to safety, alendron-
ate has been associated with an increased incidence
of oesophagitis [56]. In our study population, the
incidence of upper gastrointestinal events, including
oesophagitis, was found to be comparable between
the cyclical etidronate and control groups [57].

There are several limitations of this observational
study relative to a prospective randomized clinical
trial. Control for confounding was restricted to age,
sex and a variety of medical diagnoses and treat-
ments. A number of potential confounders were not
recorded systematically in the database (e.g. diet,
obesity or physical activity). However, adjustments
for known confounders had little effect on non-ver-
tebral fracture rates, and the baseline characteristics
of the etidronate population suggest that treatment
was given for vertebral osteoporosis rather than for
non-vertebral osteoporosis. Another limitation of the

study was that neither prescriber nor patient were
blinded to treatment. The prescriber may have been
more alert to fractures in the treated group; however,
this increased awareness is less likely to affect hip
and wrist fracture ascertainment. Overdiagnosis of
fractures in the treated group would, in fact, be
expected to lead to a higher rate of fracture in the
etidronate group, biasing the study against a positive
finding and underestimating the effects of the drug. A
well-designed prospective randomized clinical trial
would eliminate this bias.

The data for our study were obtained from compu-
terized medical records used by GPs in the UK for
their daily patient management. Although the prac-
tices in this study were selected for computerization
and high-quality data provision, the patient popula-
tion included in the GPRD database is broadly
representative of the UK population as a whole.
These data have also been validated for use in epi-
demiological studies [18-26]. Etidronate takers were
compared to a control group who had, as expected, a
lower baseline risk for vertebral fractures, given that
the indication for cyclical etidronate in the UK is
established vertebral osteoporosis. Over the course of
therapy, however, their vertebral fracture risk was
reduced. Conversely, the baseline characteristics for
non-vertebral fracture were similar between the
comparison groups. The non-vertebral fracture risk
was significantly reduced in the etidronate group and
during the course of the follow-up period the eti-
dronate group showed a significant trend towards
lower non-vertebral fracture rates. The higher use of
corticosteroid in the etidronate cohort is not un-
expected as compression fractures of the spine are
usually the first sign of glucocorticoid-induced bone
loss [58].

Diagnostic information was obtained in this study
from GPs who recorded either their own diagnosis or
the information received from specialist care.
Information on the method of diagnostic ascertain-
ment of each fracture and about bone mass was not
available. One possible explanation for the lower
non-vertebral fracture rate in the etidronate group
could be a differential likelihood of fracture
diagnosis, with etidronate takers less likely to be
diagnosed with a fracture at a given severity of
symptoms. However, this explanation seems unlikely
for a cohort of patients who were treated for the
underlying disease and who were more likely to have
undergone vertebral radiography. In most clinical
studies, the presence of vertebral fractures is as-
certained through radiographic measurements. The
means whereby vertebral fracture or osteoporosis
were diagnosed could not be ascertained in this
study. However, the limited availability of bone den-
sitometry to GPs in this country, and the relatively
low rate of referral to specialist care, make it likely
that the diagnoses of vertebral fracture were based
on clinical and radiographic assessments. This notion
is supported by the correlation of vertebral fracture
with back pain, and the similarity between vertebral
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fracture incidence in our study population and
published rates for clinically diagnosed vertebral
fractures [28, 59].

Several analyses were conducted to review the
sensitivity of the results to the method of analysis.
When excluding patients with a baseline fracture his-
tory, similar non-vertebral fracture reductions were
seen in the etidronate cohort (relative risk = 0.76).
This ‘first-ever fracture’ analysis further reduced the
differences between the comparison groups for
vertebral fractures (relative risk = 0.96), which is
consistent with the notion that the two cohorts were
not comparable with respect to baseline presence of
vertebral deformities. The two groups were also
compared for the incidence slopes over time of back
pain (a major symptom of vertebral fracture) and of
vertebral osteoporosis (a general description of
vertebral deformities). It was found that the incidence

in the etidronate cohort decreased significantly over
time for these conditions compared to the control
group. Our final analysis utilized Cox proportional
hazards models which yielded results similar to the
Poisson regression.

In order to evaluate the validity of fracture
information and the composition of our study
cohorts with respect to the severity of osteoporosis,
we compared the fracture rates in the GPRD to
population incidence data derived from the
literature [28, 59-61]. Fracture incidence rates among
females were estimated during the period of time
from the GPRD enrolment date of the practice up to
the end of data collection for the control patients or
up to the first etidronate prescription for the later
etidronate takers (i.e. this reflects the experience prior
to etidronate exposure). The hip fracture incidence
increased with age in all three GPRD cohorts,

———) == Osteoporosis
Control

wweffl] = Non-osteoporosis
Control

wessgfpees Later Etidronate
Takers

wwompfoees C UM mings [61]
s D 0N alds on [60]
el C 0O peEr [28]

3.0%

2.5%

2.0%

1.5%

1.0%

0.5%

oon B4 4+ 4+

70

72.5
Age (yrs)

F1G. 2.—Incidence of hip fractures among women by age in this and other epidemiological studies.
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consistent with published population-based data
(Fig. 2) [28, 59-61]. Conversely, wrist fractures
remained stable over age in the GPRD cohorts, as
described in the literature for these age groups [28,
59-61]. The vertebral fracture incidence rates were
similar between the GPRD osteoporosis control
patients and published data for clinically diagnosed
vertebral fractures [28, 59]. Within the GPRD, the
later etidronate takers had the highest vertebral frac-
ture rates (prior to etidronate exposure) with virtually
no vertebral fractures occurring among the non-
osteoporotics. The relative risk stratified by age
was 5.24 for vertebral fractures in later etidronate
takers compared to osteoporosis controls and 88.20
compared to non-osteoporosis controls. The non-
vertebral relative risks were 1.31 and 2.72, respect-
ively. The larger differences in vertebral fracture risks
are consistent with the indication for treatment with
etidronate. Smaller differences were found for non-
vertebral fractures between later etidronate takers
and osteoporosis controls. These data also support
the notion that at baseline etidronate takers were
more likely to have sustained previous fractures
(especially vertebral fractures). As a prevalent frac-
ture is a strong predictor of recurrent fracture, a bias
towards higher fracture rates in the etidronate group
would be expected.

The natural course of vertebral fractures is
episodic. After each vertebral fracture, latent intervals
of relatively little discomfort and disability
follow [62,63]. The finding of a vertebral fracture
incidence of 8.8% at baseline vs 1.4% after the start
of etidronate treatment may be explained (partly) by
the episodic course of vertebral osteoporosis.
However, the episodic occurrence of deformities does
not explain the continued decrease in incidence over
time observed in the etidronate cohort since the
symptoms start to recur after the latent interval [63].
The non-vertebral fracture reductions are also not
readily explained in this way. The analysis of baseline
characteristics supports the notion that etidronate
was prescribed for vertebral osteoporosis rather than
for non-vertebral osteoporosis. Also, the decrease in
incidence over time in the etidronate cohort is not
consistent with an episodic course of non-vertebral
fractures. An analysis excluding people with a
fracture history yielded similar results for non-
vertebral fractures.

We conclude that the results complement and
extend clinical observations supporting the anti-frac-
ture efficacy of cyclical etidronate therapy. The risk
of non-vertebral fractures, including hip fractures,
was significantly reduced with cyclical etidronate
treatment; that of vertebral fractures was also
reduced significantly over the treatment duration.

ACKNOWLEDGEMENT

Funds for this study were provided by Procter &
Gamble Pharmaceuticals.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

REFERENCES

. Marcus R. The nature of osteoporosis. In: Marcus R,

Feldman D, Kelsey J, eds. Osteoporosis. San Diego:
Academic Press, 1996:647-59.

. Conference Report. Consensus development confer-

ence: diagnosis, prophylaxis and treatment of osteo-
porosis. Am J Med 1993;94:646—50.

. The WHO Study Group. Assessment of fracture risk

and its application to screening for postmenopausal
osteoporosis. Geneva: World Health Organization,
1994.

. Compston JE, Cooper C, Kanis JA. Bone densitometry

in clinical practice. Br Med J 1995;310:1507-10.

. Riggs BL, Melton III LJ, O’Fallon WM. Drug therapy

for vertebral fractures in osteoporosis: evidence that
decreases in bone turnover and increases in bone

mass both determine antifracture efficacy. Bone
1996;18(suppl. 3):197S-2018S.
. Seeman E, Tsalamandris C, Bass S, Pearce

G. Present and future of osteoporosis therapy. Bone
1995;17(suppl.):23-9.

. Cummings SR, Black DM, Vogt TM for the FIT

Research Group. Changes in BMD substantially under-
estimate the anti-fracture effects of alendronate and
other antiresorptive drugs. J Bone Miner Res
1996;11(suppl. 1):102.

. Kanis JA, Johnell O, Gullberg B et al. Evidence for

efficacy of drugs affecting bone metabolism in prevent-
ing hip fracture. Br Med J 1992;305:1124-8.

. Eastell R, Wahner HW, O’Fallon WM, Amadio PC,

Melton III LJ, Riggs BL. Unequal decrease in bone
density of lumbar spine and ultradistal radius in Colles’
and vertebral fracture syndromes. J Clin Invest
1989;83:168-74.

Slemenda CW, Johnston CC, Hui SL. Assessing frac-
ture risk. In: Marcus R, Feldman D, Kelsey J, eds.
Osteoporosis. San Diego: Academic Press, 1996:623—
33.

Heaney RP. How do we know what we know? The
randomized controlled trial revisited J Bone Miner Res
1991;6:103-5.

Heaney RP. How can we tell if a treatment works?
Further thoughts on the randomized controlled trial
Osteoporosis Int 1991;1:215-7.

Kramer MS, Shapiro SH. Scientific challenges in the
application of randomized trials. J Am Med Assoc
1984;252:2739-45.

Strom BL, Melmon KL, Miettinen OS. Postmarketing
studies of drug efficacy: When must they be random-
ised. Clin Pharmacol Ther 1983;34:1-7.

Strom BL, Miettinen OS, Melmon KL. Post-
marketing studies of drug efficacy: how? Am J Med
1984;77:703-8.

. Strom BL, Melmon KL, Miettinen OS. Postmarketing

studies of drug efficacy: why? Am J Med 1985;78:475—
80.

Strom BL, Miettinen OS, Melmon KL. Postmarketing
studies of drug efficacy. [Editorial] Arch Intern Med
1985;145:1791-4.

Hall G. Pharmacoepidemiology using a UK Database
of Primary Care Records. Pharmacoepidemiol Drug
Safety 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.
Mann RD, Hall G, Chukwujindu S. Research implica-



VAN STAA ET AL.. CYCLICAL ETIDRONATE FOR NON-VERTEBRAL FRACTURES 93

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

3s.

36.

37.

38.

39.

tions of computerised primary care. Post Market
Surveillance 1992;5:259-68.

Hollowell J. 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.

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 valida-
tion of information recorded on a general practitioner
computerised data resource in the United Kingdom.
Pharmacoepidemiol Drug Safety 1992;1:347-9.
Nazareth I, King M, Haines A, Rangel L, Myers
S. Accuracy of diagnosis of psychosis on general prac-
tice computer system. Br Med J 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 Safety 1994;3:15—
21.

Anderson JJB, Tylavsky FA Diet and osteopenia in
elderly caucasian women. In: Christiansen C, Arnaud
CD, Nordin BEC, Parfitt AM, Peck WA, Riggs BL,
eds. Osteoporosis: proceedings of the Copenhagen sym-
posium on osteoporosis June 3-8, 1984. Denmark:
Department of Clin Chemistry, Glostrup Hospital,
1984:299-304.

Cooper C, Melton III LJ Magnitude and impact of
osteoporosis and fractures. In: Marcus R, Feldman D,
Kelsey J, eds. Osteoporosis. San Diego: Academic
Press, 1996:419-34.

Cumming RG, Klineberg RJ. Psychotropics, thiazide
diuretics and hip fractures in the elderly. Med J Aust
1993;158:414-7.

Cummings SR, Nevitt MC, Browner WS er al. Risk
factors for hip fractures in white women. N Engl J
Med 1995;332:767-73.

Cummings SR, Nevitt MC. Epidemiology of hip frac-
tures and falls. In: Kleerekoper M, Krane SM, eds.
Clinical disorders of bone and mineral metabolism.
New York: Mary Ann Liebert Inc., 1989:231-6.
Dempster DW, Lindsay R. Pathogenesis of osteoporo-
sis. Lancet 1993;341:797-805.

Granek E, Baker SP, Abbey H et al. Medications and
diagnoses in relation to falls in a long-term care facil-
ity. J Am Geriatr Soc 1987;35:503—11.

Grisso JA, Capezuti E, Schwartz A. Falls as risk fac-
tors for fractures. In: Marcus R, Feldman D, Kelsey J,
eds. Osteoporosis. San Diego: Academic Press,
1996:599-611.

Herings RMC, Stricker BHC, de Boer A, Bakker A,
Sturmans F, Stergachis A. Current use of thiazide
diuretics and prevention of femur fractures. J Clin
Epidemiol 1996;49:115-9.

Jones G, Nguyen T, Sambrook PN, Eisman
JA. Thiazide diuretics and fractures: can meta-analysis
help? J Bone Miner Res 1995;10:106—11.

Lauritzen JB, McNair PA, Lund B. Risk factors for
hip fractures: a review. Dan Med Bull 1993;40:479-85.
Lukert B. Glucocorticoid-induced osteoporosis. In:
Marcus R, Feldman D, Kelsey J, eds. Osteoporosis.
San Diego: Academic Press, 1996:801-13.

Paulson GW, Schafer K, Hallum B. Avoiding mental

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

changes and falls in older Parkinson’s
Geriatrics 1986;41:59-67.

Ray WA, Griffin MR, Malcolm E. Cyclic antidepres-
sants and the risk of hip fracture. Arch Intern Med
1991;151:754-6.

Ray WA, Griffin MR, Downey W. Benzodiazepines of
long and short elimination half-life and the risk of hip
fracture. J Am Med Assoc 1989;262:3303-7.

Ross PD, Davis JW, Epstein RS, Wasnich RD.
Pre-existing fractures and bone mass predict vertebral
fracture incidence in women. Ann Intern Med
1991;114:919-23.

Ryynanen OP, Kivela SL, Honakanen R, Laippala P,
Saano V. Medications and chronic diseases as risk fac-
tors for falling injuries in the elderly. Scand J Soc Med
1993;4:264-71.

Shane E. Osteoporosis associated with illness and med-
ications. In: Marcus R, Feldman D, Kelsey J, eds.
Osteoporosis. San Diego: Academic Press, 1996:925—
46.

Suwanwalaikorn S, Baran D. Thyroid hormone and
the skeleton. In: Marcus R, Feldman D, Kelsey J, eds.
Osteoporosis. San Diego: Academic Press, 1996:855—
61.

Winner SJ, Morgan CA, Grimley Evans .
Perimenopausal risk of falling and incidence of distal
forearm fracture. Br Med J 1989;298:1486-8.
Kleinbaum DG, Kupper LL, Morgenstern H.
Epidemiologic research: principles and quantitative
methods. New York: Van Nostrand Reinhold Co. Inc.,
1982.

Rothman KJ. Modern epidemiology. Boston: Little
Brown and Co., 1986.

Windeler J, Lange S. Events per person year—a
dubious concept. Br Med J 1995;310:454—6.

Greenland S. Modeling and variable selection in epi-
demiologic analysis. Am J Public Health 1989;79:
340-9.

Francis RM. Oral bisphosphonates in the treatment
of osteoporosis: A  Review. Curr Ther Res
1995;56:831-51.

Watts NB, Harris ST, Genant HK, Wasnich RD,
Miller PD, Jackson RD er al. Intermittent cyclical
etidronate treatment of postmenopausal osteoporosis.
N Engl J Med 1990;323:73-9.

Storm T, Kollerup G, Thamsborg G, Genant HK,
Sorensen OH. Five years of experience with intermit-
tent cyclical etidronate for postmenopausal osteoporo-
sis. J Rheumatol 1996;23:1560—4.

Liberman UA, Weiss SR, Brolli J, Winne HW, Quan
H, Bell NH er al. Effect of alendronate on bone
mineral density and the incidence of fractures in post-
menopausal  osteoporosis. N  Engl J Med
1995;333:1437-43.

Black DM, Cummings SR, Karpf DB et al
Randomised trial of effect of alendronate on risk of
fracture in women with existing vertebral fractures.
Lancet 1996;348:1535-41.

de Groen PC, Lubbe DF, Hirsh LJ, Daifotis A,
Stephenson W, Freedholm D et al. Esophagitis asso-
ciated with the use of alendronate. N Engl J Med
1996;335:1016-21.

van Staa TP, Abenhaim L, Cooper C. Upper gastro-
intestinal safety profile of cyclical etidronate. J Bone
Min Res 1996;11(suppl. 1):S343.

Lukert B. Glucocorticoid-induced osteoporosis. In:

patients.



94

BRITISH JOURNAL OF RHEUMATOLOGY VOL. 37 NO. 1

59.

60.

Marcus R, Feldman D, Kelsey J, eds. Osteoporosis.
San Diego: Academic Press, 1996:801-20.

Cooper C, Melton III LJ. Epidemiology of osteoporo-
sis. Trends Endocrinol Metab 1992;3:224-9.

Donaldson LJ, Cook A, Thomson RG. Incidence of
fractures in a geographically defined population. J
Epidemiol Community Health 1990;44:241-5.

61. Cummings SR, Kelsey JL, Nevitt MC, O’Dowd
KJ. Epidemiology of osteoporosis and osteoporotic
fractures. Epidemiol Rev 1985;7:178-208.

62. Dent CE, Waltson L. Osteoporosis. Postgrad Med J
1966;42(suppl.):583—-608.

63. Kanis JA. Treatment of osteoporotic fracture. Lancet
1984;i:27-33.



