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Abstract Case-selection strategies have been advocated
for identifying patients who would benefit from primary
care to prevent osteoporosis. However, the effectiveness
of this approach is unclear. To address this question, we
performed a randomized control trial to determine
whether a case-selection strategy to identify patients
with clinical risk factors for osteoporosis, combined with
open access to dual X-ray absorptometry (DXA) scans,
influences bisphosphonate prescribing in ten GP prac-
tices in Avon. Practices were randomized to two groups:
the first identified women aged 45–75 years at high risk
of osteoporosis and provided open access to DXA scans
for 12 months; the second had no case-finding strategy
and no DXA scan access. Bisphosphonate prescribing
was ascertained by searching computerized patient
records every 3 months during the intervention and a
subsequent 6-month follow-up period. Overall, the
number of subjects in each practice who were prescribed
bisphosphonates increased by 50% (p<0.001), and the
proportion of bisphosphonates prescribed as aminobi-
sphosphonates increased 3-fold (p<0.001). The magni-
tude of these changes was similar in both groups.
However, of the patients prescribed bisphosphonates,
approximately twice as many in group 1, as compared
with group 2, had a previously documented low-trauma
fracture, as assessed at the end of the 12-month inter-
vention period (p=0.01). Furthermore, at study’s end,
of the 30 patients in group 1 receiving bisphosphonates
who had received DXA scans, 80% had osteoporosis as
defined by t-score<-2.5. We conclude that use of a case-
selection strategy for osteoporosis in primary care,

combined with open access to DXA scans, appears to
target bisphosphonate therapy to those at high risk of
osteoporotic fractures. In contrast, the overall rate of
bisphosphonate prescribing is unaffected by this inter-
vention.
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Introduction

Of the several effective treatments available for osteo-
porosis [1], bisphosphonates are the most widely pre-
scribed class in the UK. In order to target these
therapies to the most appropriate patient population,
the National Osteoporosis Society (NOS), among oth-
ers, proposes that primary-care based strategies for
osteoporosis be developed to identify patients with
specific clinical risk factors, such as previous fragility
fracture concurrent treatment with oral glucocorticoids
[2]. In addition, dual X-ray absorptometry (DXA)
scans have been suggested to be cost-effective in
assessing osteoporosis risk and the need for therapy [3].
These may be used in conjunction with case-finding
strategies [2]. The NOS recommends offering specific
treatment to those diagnosed with osteoporosis fol-
lowing a DXA scan (i.e., t £ )2.5) [2].

However, the use of case-finding strategies and access
to DXA scans in primary care still varies widely within
the UK. At our local center in Bristol, GPs essentially do
not have access to DXA scans under the National
Health Service (NHS). One barrier to wider implemen-
tation of case-finding strategies for osteoporosis and
primary-care access to DXA scans is the uncertainty that
surrounds the associated drug costs, which are difficult
to estimate accurately. Moreover, although the effec-
tiveness and cost-effectiveness of treatment to prevent
osteoporotic fractures is understood [1, 4], this is not yet
true for osteoporosis case-finding strategies.
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To assess the effectiveness of current recommenda-
tions for the identification in primary care of patients at
high risk of osteoporosis, we examined the impact of a
case-finding strategy combined with direct-access DXA
service on bisphosphonate prescribing. In our prospec-
tive trial, GP practices were randomized to receive a
combined case-finding and direct-DXA-access service,
or no active intervention. To ensure that our results
would be generalizable, a ‘‘real life’’ case-finding strat-
egy was utilized, in which individual GP practices were
responsible for identifying patients for DXA referral
within an agreed set of clinical criteria.

Materials and Methods

After the United Bristol Hospitals Trust ethical com-
mittee approved this study, 25 GP practices within Avon
were invited to participate over a 12 month period. Ten
agreed. To be suitable for inclusion, GP practices were
required to have computerized case records amenable to
searching as described below. A questionnaire about
osteoporosis management was completed by the lead GP
at each practice. To provide a basis for comparing
socioeconomc factors between groups of practices, the
Townsend material deprivation score was recorded. This
index—a summation of standardized variables, collected
in the UK national census, on unemployment, over-
crowding and car and home ownership—reflects geo-
graphical variations in socioeconomc status [5].

Consent was acquired from individual GPs in the
study, after which practices were randomized in pairs to
groups 1 or 2. In group 1, participating practices iden-
tified patients at high risk of osteoporosis, by searching
computerized case records for women 45–75 years of age
with a history of fracture, concurrent treatment with
prednisolone, or premature menopause (menopause
before 45 years of age). After their GPs reviewed their
case notes, these individuals were referred for DXA
scanning, if indicated, over a 12-month period of open
access. Referred patients received an information sheet,
an appointment for a DXA scan, and a contact number
to change this if required. In addition to subjects iden-
tified via this explicit approach, DXA scans were pro-
vided in group-1 practices for women aged 45–75 years
and found by their GPs to have other risk factors for
osteoporosis on an opportunistic basis (e.g., radiological
osteopenia).

At their DXA-scan appointments, patients were asked
whether they currently received treatment for osteopo-
rosis. The referral indication was recorded. A DXA scan
of the lumbar spine and right hip was performed using a
Lunar DPX. The report was sent to the referring GP,
indicating bone mineral density (BMD) based on WHO
criteria—normal (t‡)1.0), osteopenic (t £ )1.0), or
osteoporotic (t £ )2.5). In patients found to be osteo-
porotic, an explicit recommendation was made to com-
mence bisphosphonate treatment [2]. All subjects
identified under the study protocol in group 1 were asked

to provide consent at the time of their DXA scan. In
contrast, in group-2 practices, although basic informa-
tion about osteoporosis was provided to GPs at an initial
meeting to discuss participation in the study, no specific
case-finding strategy was employed to identify high-risk
patients for osteoporosis, and no open-access DXA scan
service was made available.

All patients currently or previously prescribed etidr-
onate, alendronate or risedronate were identified by
searching GP computerized case records, using a com-
bination of various drug names. These searches were
carried out at baseline (within 1 week of randomiza-
tion), and every 3 months over the 12 month period of
intervention. Additional searches were carried out at 15
and 18 months following randomization, to detect pos-
sible delayed effects of the case-finding strategy on bis-
phosphonate prescribing, and at baseline, to assess use
of other possible medications for osteoporosis, such as
HRT and calcium and vitamin D supplements. How-
ever, change in use of these other therapies was not
analyzed, because their prescription was not considered
sufficiently specific to osteoporosis. Individual comput-
erized case records were subsequently examined to
define the prescribing period. Results were cross-checked
against those obtained by asking group-1 patients about
their medication, upon their DXA scans. Records were
analyzed to identify patients—prescribed bisphospho-
nates at baseline and at the end of the intervention
period at 12 months—who had a history of low-trauma
vertebral or non-vertebral fracture, who were receiving
treatment with glucocorticoids, or who had other risk
factors for osteoporosis, such as a previous finding of
radiological osteopenia.

The primary outcome of this study was a difference
between groups 1 and 2 for the number of patients
prescribed bisphosphonates. In view of the study’s
cluster-randomization design, we calculated the number
of patients prescribed bisphosphonates as follows. We
divided the number of patients prescribed bisphospho-
nates in each practice by the total list size, then com-
bined results from the five practices in each group to
obtain a value for mean + SEM percentage of patients
receiving bisphosphonates per practice. Secondary out-
come variables consisted of the proportion of subjects
treated with aminobisphosphonates in the two groups
of practices, and the number of patients prescribed bis-
phosphonates following a history of low-trauma fracture
or glucocorticoid therapy. To examine the basis for any
differences in bisphosphonate use between practices in
groups 1 and 2, we also investigated the indications for
DXA referral in group-1 practices, and outcomes in
terms of DXA result and bisphosphonate prescribing.

Repeated-measures analysis of variance was utilized
to investigate possible differences, between the two
groups, in the number of patients prescribed bis-
phosphonates over the study period. An unpaired Stu-
dent’s t-test was used to compare baseline characteristics
between groups, as well as the number of patients
receiving bisphosphonates following a history of
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fracture or glucocorticoid therapy at 12 months. All
statistical analyses were performed using Statview 5
(SAS Institute). A P value of 0.05 was taken as the cut-
off for statistical significance.

Results

Practices in groups 1 and 2 were of comparable list size
(Table 1). No practice enrolled in the study was oper-
ating an explicit case-finding strategy for osteoporosis,
or had a direct-access DXA scan service available to
them under the NHS. No significant differences were
observed between practice groups with regard to bis-
phosphonate use at baseline, although a trend towards
higher bisphosphonate prescribing was evident in group
1. An equivalent trend was also present with respect to
hormone replacement therapy (mean percentage of
patients per practice + SEM =4.8 + 0.9 for group 1 vs
2.9 + 0.3 for group 2, P=0.07) and calcium and vitamin
D supplements (0.51 + 0.11 for group 1 vs 0.36 + 0.09
for group 2, P=0.3).

A small difference in Townsend score was observed,
suggesting slightly greater socio-economic deprivation in
group 1 (see Table 1). However, this is unlikely to have
contributed to the tendency for greater bisphosphonate
prescribing by these practices. The proportion of women
aged 45–75 was slightly higher in group 1 (mean per-
centage of patients per practice + SEM = 15.9 + 3.5
for group 1 vs 13.1 + 3.5 for group 2, P=0.2). How-
ever, this did not appear to account for the trend to-
wards higher bisphosphonate prescribing in group 1
compared with group 2, since a similar trend was
observed when adjusting for these differences by
expressing the rate of bisphosphonate prescribing as the
percentage of women aged 45–75 years per practice
(mean percentage + SEM = 1.7 + 0.2 for group 1 vs
1.2 + 0.3 for group 2, P=0.2).

The total number of patients prescribed bisphosph-
onates per practice was subsequently compared between
groups 1 and 2 at each time point. We found that overall

use of bisphosphonates increased approximately 50%
over the 18-month follow-up period, to a similar extent
in both groups (Fig. 1A). Equivalent results were
obtained expressing results as the percentage of women
aged 45–75 years per practice (results not shown).
Although the extent of aminobisphosphonate prescrib-
ing increased significantly, the magnitude of this rise was
similar in both groups of practices (Fig. 1B).

Prior to the study, the most common indications for
bisphosphonate prescribing, as ascertained by analysis
of computerized records of patients prescribed bis-
phosphonates at baseline, were previous vertebral
fracture (24%), previous non-vertebral fracture (20%),
concurrent steroid therapy (18%) and radiological
osteopenia (10%). Based on pooled results of patients
with previous vertebral and non-vertebral fractures, the
number of patients per practice prescribed bisphosph-
onates who had a history of low-trauma fracture was
significantly higher in group 1 at 12 months, compared
with that in group 2 at 12 months and group 1 at
baseline (Fig. 2). Similarly, the number of patients with
a history of low-trauma fracture who were first pre-
scribed bisphosphonates during the study, as reflected
by patients prescribed bisphosphonates at 12 months
but not baseline, was significantly higher in group 1
compared with group 2 (0.077 + 0.012% vs 0.025 +
0.011%, p=0.01 by unpaired Student’s t-test). Con-
versely, no significant differences were observed in the
number of patients prescribed bisphosphonates who
were receiving glucocorticoids (0.066% + 0.016% for
group 1 vs 0.052% + 0.029% for group 2, 12 months).

A total of 185 patients were referred for DXA scans
from practices in group 1 over the 12-month study
period, of whom 157 attended. Although history of non-
vertebral fracture, glucocorticoid therapy and premature
menopause were the most common clinical indications,
the referral pattern differed considerably among prac-
tices (Table 2). Osteoporosis was observed most com-
monly in patients with previous non-vertebral fracture
(Table 3). Of patients receiving DXA scans in group-1
practices, 30 (19%) were prescribed bisphosphonates as

Table 1 Characteristics
assessed at baseline in the ten
participating practices. No
significant differences were
observed between groups with
respect to list size (P=0.3),
Townsend score (P=0.6),
number or percentage of
bisphosphonate users (P=0.6
and P=0.06, respectively)
(unpaired Student’s t-test)

Group-1
practice #

List size
(women aged 45–75 yrs)

Townsend
score

Bisphosphonate use

Number of patients % total list size

2 9,897 (1,158) 3.5 29 0.29
3 8,479 (1,144) 0.4 17 0.20
6 7,957 (1,311) 6.3 17 0.21
7 6,600 (1,379) )2.2 18 0.27
9 1,775 (298) 1.9 5 0.28
Total 34,708 (5,290) 86
Mean + SEM 6,942 + 1,395 2.0 + 1.4 17.0 + 3.8 0.25 + 0.02
Group-2 practice # – – Number of patients Percentage
1 8,651 (1,395) )2.5 8 0.09
4 4,841 (711) )3.6 5 0.10
5 12,281 (912) 7.8 11 0.09
8 8,372 (1,258) 2.2 24 0.29
10 10,834 (1,299) )1.0 22 0.20
Total 44,979 (5,575) 70
Mean + SEM 8,996 + 1,264 0.6 + 2.1 13.6 + 3.8 0.16 + 0.04
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assessed at 12 months, of whom 24 (80%) had osteo-
porosis diagnosed by DXA.

Discussion

To our knowledge, this investigation represents the first
randomized controlled trial to examine the effect of a
case-selection strategy combined with open access to

DXA scans on bisphosphonate prescribing in primary
care. Interestingly, we found that this intervention led to
a significant increase in patients who were treated with
bisphosphonates and who had a previously documented
low-trauma fracture. Bisphosphonate prescribing
increased overall, but at a similar rate to that observed
in group 2, which did not have access to DXA scans.
Our finding of a selective increase of bisphosphonate
therapy in group-1 patients with a history of fracture
likely reflects the fact that DXA detected osteoporosis in
a higher proportion of patients with previous fracture
than it did in patients referred for other indications, such
as steroid therapy or premature menopause.

Our findings are consistent with previous observa-
tions that, in the absence of a specific case-finding
strategy, only a small proportion of patients are pre-
scribed bisphosphonates by their GPs following a frac-
ture [6]. In light of evidence that a history of vertebral or
non-vertebral fracture is associated with increased risk
of future fracture [7, 8], our results suggest that a case-
selection strategy results in bisphosphonates being tar-
geted to patients at high risk of osteoporotic fracture. In
addition, availability of open-access DXA scans proba-
bly targeted treatment to patients at increased risk of
osteoporosis as a consequence of a low BMD, since 80%
of those in group 1 receiving DXA scans and subse-
quently prescribed bisphosphonates had been found to
have osteoporosis, as defined by t-score £ )2.5.

Since our intervention was applied in a ‘‘real life’’
setting in which individual practices and GPs were
responsible for case selection and DXA referral,
our results are likely to be generalizable to other GP

Fig. 1 Bisphosphonate prescribing a Results show mean + SEM
percentage of patients prescribed bisphosphonates during study
and a 6-month follow-up period. Value was obtained by dividing
the number of patients prescribed bisphosphonates in each practice
by total list size, then combining results from the five practices in
each group. Repeated-measures ANOVA showed a significant time
effect on bisphosphonate use, regardless of practice group
(p<0.001) b results show mean + SEM proportion of bisphosph-
onates prescribed as aminobisphosphonates during the study and a
6-month follow-up period. In each practice, the number of patients
prescribed alendronate or risedronate was divided by the number
prescribed alendronate, risedronate or etidronate. Results were
then combined from the five practices in each group. Repeated-
measures ANOVA showed a significant time effect on amin-
obisphosphonate use, regardless of practice group (p<0.001).
White squares = group 1 (DXA); black triangles = group 2 (non-
DXA)

Fig. 2 Bisphosphonate prescribing in patients with previous frac-
tures. Results show mean + SEM percentage of patients with
previous low-trauma fracture prescribed bisphosphonates, as
assessed at baseline and 12 months. In each practice, the number
of patients prescribed bisphosphonates who had a history of low-
trauma vertebral or non-vertebral fracture was divided by the total
list size. Results were then combined from the five practices in each
group. White squares = group 1 (DXA); black triangles = group 2
(non-DXA).P=0.01 vs group 2 at 12 months (unpaired Student’s
t-test) and P=0.03 vs group 1 at baseline (paired Student’s t-test)
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practices in the UK. Contrary to the present findings
that DXA scan access has no overall impact on bis-
phosphonate prescribing, in a previous observational
study in Ottawa, inviting patients for DXA scans in a
tertiary center led to a net increase in osteoporosis drug
therapy [9]. This discrepancy may reflect a difference in
prescribing behavior between the UK and Canada.
However, our results also illustrate the importance of
randomized controlled trials for assessing the impact of
DXA scan access on drug prescribing for osteoporosis,
since similar increases were observed in both control and
intervention groups. Any increase in use of bisphosph-
onates in the control group likely reflects general trends
in bisphosphonate prescribing within the UK over the
study period, and/or the effects of raising awareness of
osteoporosis and its treatment in participating GP
practices.

A potential limitation is that no information was
collected on the number of DXA scans performed at
each of the GP practices before our study began. Al-
though no direct access service was available to these
practices via our unit, we are unable to exclude the
possibility that a small number of scans were performed
via other referral routes. In addition, there was a lack of

precise matching between practice groups in baseline
levels of bisphosphonate prescribing. This likely reflects
the limited number of GP practices enrolled into the
study and the relatively wide variation among them in
terms of bisphosphonate use. Although this study’s
drug-prescribing data were based on computerized
records, underestimation of bisphosphonate use with
this method is unlikely to explain the lack of difference
in bisphosphonate prescribing between groups, since in
the subgroup of group-1 patients who got DXA scans,
no patient was found to be receiving bisphosphonates
who had not previously been identified by searching
computerized prescribing records.

Based on the variability that we found in bis-
phosphonate use among practices, our study had an
80% power to detect a 0.14% increase in bisphospho-
nate use in group 1 compared with group 2, at the
P=0.05 significance level [10]. Since 0.22% of patients
were prescribed bisphosphonates in group 2 practices at
the end of the 12-month intervention period, this
increase represents a 64% consequent rise in bis-
phosphonate use relative to the control group. There are
several possible explanations as to why our intervention
did not increase bisphosphonate prescribing by this

Table 3 Number of women undergoing DXA scans in Group 1
who were found to have a normal, osteopenic or osteoporotic
BMD. Table also shows number of women undergoing DXA scans
in Group 1 with different referral indications (NVF non-vertebral

fracture, GC glucocorticoid therapy, PM premature menopause),
and the number prescribed bisphosphonates, according to the
DXA result

Table 2 Number of women undergoing DXA scans in group-1 practices, according to referral indication (NVF non-vertebral fracture, GC
glucocorticoid therapy, PM premature menopause, VF vertebral fracture, RO radiological osteopenia). In parenthesis, percentage of the
total number of women undergoing DXA scans in each practice

Practice # NVF GC PM VF RO Total

(%) (%) (%) (%) (%)
2 18 (58) 5 (16) 7 (23) 1 (3) 0 31
3 19 (43) 14 (32) 7 (16) 0 (0) 4 (9) 44
6 18 (58) 8 (26) 0 (0) 4 (13) 0 (0) 31
7 13 (32) 14 (34) 8 (20) 3 (7) 2 (5) 41
9 1 (10) 4 (40) 0 (0) 3 (30) 1 (10) 10
Total 69 (44) 45 (29) 22 (14) 11 (7) 7 (4) 157
Percentage*
45–75 yrs

1.2 0.8 0.4 0.2 0.1 2.8

*Patients receiving scans based on a given indication, expressed as percentage of total number of women aged 45–75 in group-1 practices

Normal Osteopenia Osteoporosis

Number of women according to DXA result
(% of total undergoing DXA scans)

51 (32) 64 (41) 42 (27)

Number of women according to DXA result
and referral indication
NVF
(% total undergoing DXA scans based on NVF)

12 (17) 34 (49) 23 (33)

GC
(% total undergoing scans based on GC)

20 (44) 16 (35) 9 (20)

PM
(% total number undergoing scans based on PM)

14 (64) 6 (27) 2 (9)

Number of women according to DXA result
and bisphosphonate use

1(2)
(% number
of patients with
normal BMD)

5 (8)
(% number
of patients with
osteopenic BMD)

24 (57)
(% number
of patients with
osteoporotic BMD)
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magnitude. For example, a significant minority of
patients were referred for DXA scans due to risk factors
found to be associated with a relatively low prevalence
of osteoporosis, such as premature menopause.

In addition, the case-finding strategies of group-1
practices may have had limited success in identifying
patients with stronger risk factors for osteoporosis. For
example, only 0.8% of women aged 45–75 in these
practices were referred for DXA scans on the basis of
concurrent steroid therapy. In contrast, in a recent
report, 3.2% of women over 50 were found to be taking
steroids in primary care in Shropshire, UK [11]. Al-
though the present study did not routinely collect data
on the proportion of patients receiving steroid therapy,
this information was available in practices 2 and 3, in
which 3.9% of women aged 45–75 took steroids. Taken
together, these observations suggest that only a minority
of women aged 45–75 who were receiving steroids in
group-1 practices were referred for bone densitometry.
This may in part reflect the fact that a significant pro-
portion of steroid users identified from prescribing re-
cords were not receiving steroids at sufficient dose or
duration to be considered at significant risk of osteo-
porosis.

The number of patients referred for DXA scans with
a history of low-trauma fracture also likely represents a
relatively small proportion of potentially eligible sub-
jects. For example, in the present study, 1.2% of women
aged 45–75 in group-1 practices were referred for DXA
scans based on a history of non-vertebral fracture. The
annual incidence of distal forearm fracture in the UK
increases linearly between the ages of 45 to 75, from 10
to 58 per 10,000 [12]. Thus, the prevalence of this frac-
ture alone in the target population is likely to be
approximately 5%. This suggestion of lower-than-
expected referral rates for DXA scans in patients with
previous fracture is consistent with earlier reports that
only a small proportion of patients in this category are
evaluated for osteoporosis [13, 14]. A lack of consistent
diagnostic coding of computerized primary-care records
may contribute to this. According to recent report,
searching GP computerized records considerably
underestimates the number of patients with risk factors
for osteoporosis, such as previous fracture [15].

Bisphosphonate therapy was only recommended
explicitly in those found to have a BMD within the
range of osteoporosis, with the exception of patients
with vertebral fracture. However, it is clear that other
strategies can be employed. For example, recent guide-
lines published by the Royal College of Physicians
propose that, in patients with a history of non-vertebral
fracture and concurrent steroid therapy, treatment with
bisphosphonates should also be considered in those with
a t-score of £ )1.5 [16, 17]. If bisphosphonate therapy
had been recommended in patients with a history of
non-vertebral fracture or concurrent steroid therapy in
those found to have osteopenia as well as osteoporosis,
bisphosphonate use in group 1 would likely have been
significantly higher.

In summary, our results suggest that when applied in
a ‘‘real life’’ primary care setting, currently recom-
mended case-finding strategies for osteoporosis result in
bisphosphonate therapy being targeted to high-risk
groups for osteoporosis. However, they have little effect
on the overall rate of bisphosphonate prescribing. The
lack of any net increase in bisphosphonate prescribing in
the intervention group likely reflects several factors,
including the difficulty in identifying patients with pre-
vious fractures based on computerized GP records. In
light of our findings, further research is required to
improve the methods for identifying patients at risk for
osteoporosis in primary care, and to determine whether
case-finding strategies for osteoporosis are cost-effective,
at least in part by enabling bisphosphonate therapy to be
targeted to patients at higher risk of fracture.
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