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Use of anti-osteoporosis medication dispensing by patients with hip
fracture: could we do better?
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Abstract
Summary Although Scandinavian countries have the highest incidence of hip fracture in the world, trends in anti-osteoporosis
medication use have not been studied. We found less than one-third of Danish hip fracture patients had dispensing of anti-
osteoporosis medication over a 10-year period using routinely collected data from population-based registries.
Introduction To examine trend in dispensing of anti-osteoporosis medication before and after hip fracture surgery in Denmark
over a 10-year period using routinely collected data from population-based registries.
Methods From the Danish Multidisciplinary Hip Fracture Registry, we included 65,011 patients aged 65 years or older with an
incident hip fracture in 2005–2015. We calculated, for each calendar year of hip fracture diagnosis, the prevalence of use of anti-
osteoporosis medication (at least one dispensing of bisphosphonates, strontium ranelate, denosumab, selective estrogen receptor
modulators, or teriparatide) in the year before and in the year following hip fracture diagnosis. Among those without a dispensing
in the year before hip fracture, we computed 1-year cumulative incidence of use following hip fracture. We treated death as a
competing risk and stratified the analysis on sex, age, and comorbidity.
Results The prevalence of use before hip fracture varied between 7 and 12%, increasing slightly from 2005 to 2015. The
cumulative incidence of use following hip fracture decreased from 16% in 2005 to 13% in 2010, whereupon it increased to
20%. A similar pattern was seen with each stratum of sex, age groups, and comorbidity. The overall prevalence of use after hip
fracture was below 22% in all calendar years.
Conclusions Less than one-third of hip fracture patients had dispensing of anti-osteoporosis medication up to 1 year after hip
fracture. We observed only a slight increase in dispensing after hip fracture over the study period, irrespective of patient sex, age,
and comorbidity at the time of hip fracture.
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Introduction

Osteoporosis affects over 200 million people worldwide [1],
manifesting as nearly 9 million fractures, including fractures
in the hip, spine, and distal forearm [2]. Sustaining a hip frac-
ture more than triples the risk of a subsequent fracture, with
the highest risk concentrated within the first post-fracture year
[3–5]. Among patients with hip fracture, bisphosphonates are
an effective [6], but potentially underutilized, treatment for
secondary fracture prevention [7–13], with less than one-
third of these patients receiving treatment [14, 15]. The 2008
Guidelines of the UK’s National Institute for Health and
Clinical Excellence (NICE) recommend the use of anti-
osteoporosis medication including bisphosphonates, raloxi-
fene, teriparatide, or strontium ranelate for secondary fracture
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prevention for all hip fracture patients [16]. In September
2018, the American Society for Bone and Mineral Research
recommended that people above 65 years who have a hip or
spine fracture should be treated for osteoporosis [17].
Following publication of the NICE guidelines, studies inves-
tigating the period up to 2013 have shown an increase in
initiation of treatment for secondary prevention after hip frac-
ture, especially among women older than 75 years [18, 19].
Nevertheless, the overall treatment initiation rates remained
unchanged at 34% in 1999–2013 [19]. Data from the
Scandinavian countries on recent trends in utilization of anti-
osteoporosis medication for secondary fracture prevention can
be accessed in national country statistics [20], but have not
been summarized in peer review publications, despite their
world’s highest incidence of hip fracture (average age-
standardized annual rate is 346/100,000 in Denmark com-
pared with 123/100,000 in Spain) [21, 22]. The Danish
Ministry for Health has estimated that up to 70% of the hip
fracture patients may benefit from secondary fracture preven-
tion through anti-osteoporosis medication [23]. Furthermore,
pre-fracture comorbidity is associated with an additional mor-
tality risk [24, 25]. Therefore, it is relevant to examine anti-
osteoporosis treatment both overall and in the context of
existing comorbidity.

We examined time trends in dispensing of anti-
osteoporosis medications before and after hip fracture in
Denmark, overall, and stratified for sex, age, and comorbidity.

Methods

We conducted this population-based descriptive cohort study
in Denmark, a country with 5.7 million inhabitants, with uni-
versal access to medical care including partial reimbursement
of prescription drug costs.

Study population and data sources

Patients were identified in the Danish Multidisciplinary Hip
Fracture Registry, which is a nationwide population-based
clinical quality database, established in 2003 [26]. The data-
base records all patients at age 65 years or older with hip
fracture and contains detailed data on patient characteristics
and in-hospital performance indicators. We included patients
with an incident hip fracture who underwent surgery with
arthroplasty or internal fixation from 2005 to 2015 (n =
65,011). Patients with a diagnosis of hip fracture between
2003 and 2005 were excluded. We set the date of hip fracture
surgery to indicate the date of hip fracture. To the study pop-
ulation, we linked data from the Danish Civil Registration
System (personal identifier for linkage, migrations, and vital
status) [27], the Danish National Patient Registry (inpatient
and outpatient hospital diagnoses) [28], and the Danish

National Health Services Prescription Database (outpatient
dispensing) [29].

Anti-osteoporosis medication dispensing

Anti-osteoporosis medication use was defined as at least
one dispensing of an anti-osteoporosis medication
(bisphosphonates including combinations, strontium
ranelate, denosumab, selective estrogen receptor modu-
lators, or ter iparat ide) . We identif ied al l ant i-
osteoporosis medication dispensing in the year before
hip fracture and in the year after hip fracture.
Switching between different types of anti-osteoporosis
medications was not considered treatment termination.
We classified patients as users of anti-osteoporosis med-
ications in the 12 months before and in the 12 months
after hip fracture, defined as at least one dispensing in
the respective time window (Fig. 1). To characterize
utilization, we classified pre-fracture use as either con-
sistent use or intermittent use. Consistent use was de-
fined based on at least one dispensing within each 6-
month time window 12 months before hip fracture or
based on a dispensing in the first time 6-month window
that continued into the second 6-month time window,
based on the number of defined daily doses plus a 90-
day grace period. Intermittent users was defined as at
least one dispensing in only one of the two 6-month
time windows in the 12 months before hip fracture or
if the days in the first period did not continue in the
second period (Fig. 1). With respect to post-fracture use
of anti-osteoporosis medications, we defined continuous
use as any use both 12 months before and 12 months
after hip fracture. Incident use was defined among non-
users in the 12 months before hip fracture as use in the
12 months after hip fracture.

Patient characteristics

We describe the study population in terms of sex, age at hip
fracture date (categories 65–74 years, 75–84 years, and
85 years or older), body mass index (BMI) (underweight
(BMI < 18.5 kg/m2), normal weight (BMI 18.5–24.9 kg/m2),
overweight (25–29.9 kg/m2), and obese (≥ 30 kg/m2)), and
fracture type according to the criteria used at the Danish
Multidisciplinary Hip Fracture Registry (undisplaced femoral
neck, displaced femoral neck, unspecified femoral neck,
pertrochanteric and subtrochanteric). We also summarized
the 10-year pre-fracture hospital comorbidity history using
the Charlson Comorbidity Index (CCI) [28]: a score of 0
(low), given to patients with no previous record of diseases
included in the CCI; a score of 1–2 (medium); and a score of 3
or more (high).
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Statistical analysis

We tabulated the patients’ characteristics overall and by the
use of anti-osteoporosis medication before and after hip frac-
ture and presented the distribution of use of different classes of
anti-osteoporosis medications among the users. Pre-fracture
use was expressed by 12-month prevalence proportion in the
entire study population. Among pre-fracture non-users, we
reported post-fracture 12-month incidence proportion of treat-
ment initiation and, given the high post-fracture mortality, the
12-month cumulative incidence of treatment initiation follow-
ing hip fracture treating death as a competing risk. Continuous
use was expressed as a 12-month prevalence proportion
among pre-fracture users.Measures of use were reported over-
all and stratified by calendar year of hip fracture, sex, age
groups, CCI score, and previous fracture within 10 years from
index date.

Supplement Appendix 1 lists the Anatomical Therapeutic
Chemical Classification (ATC), International Classification of
Diseases 10th revision codes (ICD-10) and Nordic Medico-
Statistical Committee (NOMESCO) surgical procedure codes

used in this study. The study was approved by the Danish Data
Protection Agency (Aarhus University record number 2016-
051-000001). Data analyses were performed using SAS ver-
sion 9.4.

Results

Among the 65,011 hip fracture patients, the prevalence of pre-
fracture use of anti-osteoporosis medications was 9%, and
83% of the users were consistent users. Compared with non-
users, both pre- and post-fracture users of anti-osteoporosis
medications were older and more likely to be female, to have
moderate comorbidity, to be underweight, or to have sustained
a pertrochanteric or subtrochanteric hip fracture (Table 1).
Among the post-fracture users, 54% were continuous users
and 46% were incident users. Compared with the continuous
users, the incident users had a higher proportion of men, were
younger, and had a lower comorbidity burden. In addition,
continuous users often had a femoral neck fracture and had
had a previous fracture. Bisphosphonate was the only anti-

All pa�ents with hip fracture surgery 
2005-2015 N=80,760

All pa�ents with incident hip fracture 
surgery 2005-2015 N=65,011

Pa�ents with a previous hip fracture 
within 10 years N=15,749

Users before hip 
fracture surgery 

N=6,131

Non-users 
before hip 

fracture surgery 
N=58,880

Users a�er hip 
fracture surgery 

N=10,276

Consistent N=5,101

Interm
i�ent N=1,030

Non-users a�er 
hip fracture 

surgery 
N=54,735

One year before hip fracture surgery One year a�er hip fracture surgery 
Con�nuous  N=5,516

Ini�ators N=4,760

Fig. 1 Flowchart for inclusion
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osteoporosis medication class used and will therefore be de-
scribed further.

The prevalence of pre-fracture bisphosphonate use in-
creased from 7% among patients with hip fracture in 2005 to
10% among patients with hip fracture in 2015 (Fig. 2).
Patients with hip fracture in 2013 had the highest prevalence
of pre-fracture use of 12%. Alendronate accounted for 83% of
use; etidronate for 11% of use; and ibandronate, risedronate,
and zoledronate together for 6% of use. There was no overall
dispensing of other bisphosphonate agents.

Among the 65,011 patients, 16% of the patients used anti-
osteoporosis medications during the first 12 months after hip
fracture. This prevalence increased from 12 to 20% between
2010 and 2012, after which it stagnated (Fig. 2). Stratification

on sex, age groups, comorbidity, and previous fracture within
10 years before index date showed a similar pattern (Fig. 3).
Among the 6131 patients with 12-month pre-fracture use of
anti-osteoporosis medications, 5516 were continuous users in
the 12 months following the hip fracture. The prevalence of
continuous use was stable between 2005 and 2012, whereup-
on it decreased between 2012 and 2014 (Fig. 2).

Among the 58,800 pre-fracture non-users, the 12-month
cumulative incidence of post-fracture bisphosphonate initia-
tion, with death as competing risk, was 17%. The cumulative
incidence varied between 13 and 21% during the study period
and was the highest among patients sustaining hip fracture in
2012 and the lowest among patients sustaining hip fracture in
2010. The 12-month cumulative incidence of a post-fracture

Table 1 Demographics and
clinical characteristics of the
65,011 patients with hip fracture

Overall After hip fracture

N = 65,011 Users, 16% (10,276) Non-users, 84%
(54,735)

Incident users,
46% (4760)

Continuous users,
54% (5516)

Sex

Men 29% 18,644 23% 1075 10% 551 69% 37,717

Women 71% 46,367 77% 3685 90% 4965 31% 17,018

Age groups

65–74 years 19% 12,503 27% 1274 18% 982 19% 10,247

75–84 years 39% 25,214 45% 2137 44% 2453 38% 20,624

≥ 85 years 42% 27,294 28% 1349 38% 2081 44% 23,864

Charlson Comorbidity Index score

Low 0 points 41% 26,561 48% 2271 34% 1883 41% 22,407

Moderate 1–2 points 40% 26,127 38% 1801 46% 2524 40% 21,802

High 3 points 19% 12,323 14% 688 20% 1109 19% 10,526

Fracture diagnosis

Femoral neck 53% 34,428 56% 2642 41% 2281 54% 29,505

Per- and subtrochanteric 47% 30,583 44% 2118 59% 3235 46% 25,230

Surgery type

Osteosyntheses 69% 44,915 69% 3269 76% 4205 68% 37,441

Total and hemiarthroplasty 31% 20,096 31% 1491 24% 1311 32% 17,294

Body mass index

Underweight 9% 5556 7% 355 13% 721 8% 4480

Normal weight 46% 29,702 49% 2347 49% 2688 45% 24,667

Overweight 20% 12,844 22% 1042 15% 849 20% 10,953

Obese 5% 3531 7% 323 4% 197 6% 3011

Missing 21% 13,378 15% 693 19% 1046 21% 11,624

Cohabiting status

Living with a partner 30% 19,327 36% 1729 27% 1494 29% 16,104

Living alone 70% 45,678 64% 3031 73% 4022 71% 38,625

Missing 0% 6 0% 0 0% 0 0% 6

Previously fracture

No 78% 50,837 76% 3640 66% 3615 80% 43,582

Yes 22% 14,174 24% 1120 34% 1901 20% 11,153
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Fig. 3 Prevalence of bisphosphonate use after hip fracture during 2005–2015 stratified for sex, age groups, comorbidity, and previous fracture (N =
65,011)

Fig. 2 Prevalence of
bisphosphonate users among hip
fracture patients in Denmark,
2005–2015

Osteoporos Int (2019) 30:1817–1825 1821



bisphosphonate initiation was greater among women than
among men, especially for patients 75 to 85 years old
(Fig. 4), whereas the differences among patients with different
comorbidities were minor. The cumulative incidence of a
post-fracture bisphosphonate initiation was greater among pa-
tients with a previous fracture, but the development over time
was the same (Fig. 4).

Discussion

In this nationwide population-based cohort study with com-
plete individual-level outpatient dispensing data, less than
one-third of patients with hip fracture used anti-osteoporosis
medication in the 12 months following the hip fracture.
During the period 2005–2015, the proportion of bisphospho-
nate users following hip fracture increased only slightly, irre-
spective of sex, age, comorbidity level, or previous fracture.

The modest increase in use of bisphosphonates after hip
fracture in Denmark is worrisome as it is recommended in

international guidelines [30, 31] including the NICE Health
Technology Appraisal No. 87 that women at age 75 or above
with a hip fracture should be prescribed anti-osteoporosis
medication without the need of prior dual-energy X-ray ab-
sorptiometry [16]. There may be clinical relevant reasons for
not prescribing anti-osteoporotic medication after hip fracture
including terminal cancer, renal impairment below 35 mL/L,
or short life expectancy, but it is estimated that up to 70% of
the hip fracture patients in Denmark may benefit from anti-
osteoporotic medication [23]. In addition, a recent US study
found that the initiation of anti-osteoporosis medication after
hip fracture was associated with a meaningful reduction in
subsequent non-vertebral fracture rates suggesting that im-
proving anti-osteoporosis medication dispensing may result
in notable public health benefits [7]. Following national
guidelines for in-hospital hip fracture patient care, about
90% of hip fracture patients are discharged after the evaluation
of need for medical osteoporosis prophylaxis has been per-
formed [32]. The evaluation of need for medical osteoporosis
prophylaxis is a process performance measure, which is

Fig. 4 The cumulative incidence of first prescription of bisphosphonates within 1 year after hip fracture surgery, considering death as competing risk
stratified according to sex, age groups, comorbidity, and previous fracture (N = 65,011)
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fulfilled if the patient continues anti-osteoporosis medication,
if the patient is referred to a DEXA scan, or if there is no
indication for osteoporosis prophylaxis because the patient
has cancer or a psychiatric condition. Waiting time for a
DEXA scan is approximately 8 weeks. It is therefore surpris-
ing that only one-third of potentially treatment-eligible pa-
tients are on anti-osteoporosis medication 12 months after
hip fracture. Also, the stagnation of incident users after hip
fracture in the last years is worrisome. In Denmark, there are
no standard guidelines for post-discharge clinical follow-up of
hip fracture patients, i.e., patients do not receive follow-up
appointment in outpatient clinics or at the general practi-
tioners. Instead, patients are advised to see their general prac-
titioners as needed. Since osteoporosis is often asymptomatic
[31], patients may not seek contact with their general practi-
tioner for osteoporosis. It is further debated who has the re-
sponsibility to follow up on secondary prevention: the patient,
the primary sector, or the municipality, where rehabilitation of
patients is carried out. Thus, better communication and trans-
fer of patients from hospital to primary sectors and municipal-
ity could potentially improve secondary fracture prevention.

Similar to previous findings, we document lower than ex-
pected use of anti-osteoporosis medication after hip fracture
according to the guidelines, particularly among men [14, 18,
33]. From 1995 to 2004 in the USA, the annual proportion of
patients initiating osteoporosis medication, especially
bisphosphonates, after hip fracture increased from below 5
to 22% [14]. However, newer studies from the USA have
reported a decreasing use in the range of 13 to 21% in 2012
[11, 33] and a continuous decline to 3.3% in 2015 [7], pre-
sumably related to fears about potential adverse events from
bisphosphonates or denosumab, such as osteonecrosis of the
jaw, atypical femoral fractures, and atrial fibrillation, which
have garnered attention in the media [34]. However, the ad-
verse events are extremely rare, and the benefits of osteopo-
rosis treatment in post-fracture patients outweigh the potential
risks [35]. In the UK, the annual proportion of women with
hip fracture prescribed anti-osteoporosis medication post-hip
fracture increased from 8% in 2000 to 51% in 2010 [18, 36].
The pronounced trend in the UK compared with the low use
and the lack of increase of bisphosphonate use in Denmark
observed in this study may be related to the implementation of
the Fracture Liaison Service and NICE guidelines. The
Fracture Liaison Service does follow-up osteoporosis assess-
ment after discharge, which may have bridged this gap be-
tween orthopedic departments and the general practitioners
[37]. In addition, the NICE Health Technology Appraisal 87
from 2005 advocated for the use of anti-osteoporosis medica-
tion after hip fracture for women at age 75 years or older, even
without requiring a prior dual-energy X-ray absorptiometry
[16, 23].

The proportion of continuous users of bisphosphonates de-
creased after 2012. Denosumab was introduced to the Danish

market in 2010 [38–40], and some patients, especially those
with impaired kidney function [14], may have switched dur-
ing hospital stay or in ambulatory after DEXA scan. This
denosumab treatment would therefore not be captured by out-
patient dispensing and thus may be related to the minor drop
in continuous users after 2012.

Since women and elderly patients have a higher risk of
fracture and re-fracture, we expected to see a higher increase
over the years in the use of anti-osteoporosis medication
among hip fracture patients who were female or elderly [41].
Furthermore, we expected a lower use of bisphosphonates
among high-comorbidity patients due to a presence of contra-
indications. However, the use was nearly the same, irrespec-
tive of the sex, age, and comorbidity of the patient. The var-
iation in the use of anti-osteoporosis medication was unrelated
to differences in the observed patient characteristics, but may
be related to health care organization, which remains to be
elicited in future studies [42].

Limitations

Anti-osteoporosis medication dispensing may not correspond
to the actual intake of medication. However, studies have in-
dicated a good correlation between self-reported medication
use or general practitioner-reported medication use and pre-
scriptions filled at pharmacies [43–45]. Furthermore, we did
not have information on medications dispensed during hospi-
talization; thus, we may have underestimated the use and ini-
tiation of anti-osteoporosis medication. Especially the use of
denosumab and zoledronate administered parenterally in an
ambulatory is underestimated. However, in 2015, the overall
use including both hospital and outpatient dispensing of
zoledronate among persons 65 years or older accounted for
less than 1% of the total use of anti-osteoporosis medication,
while denosumab accounted for 20% in 2015, including
among cancer patients (public access through www.medstat.
dk, accessed December 2018).

Perspective

Our findings have potential implications for clinical practice,
future research, and policymakers. A low number of both
incident and prevalent users of anti-osteoporosis medication
following hip fracture is worrisome due to the high risk of re-
fracture. Repeated fractures have serious consequences for the
patients and society including further functional decline, re-
duced quality of life, mortality, and increasing health care
costs. Due to an increase in life expectancy, hospitals may
be facing an increasing number of hip fractures and, subse-
quently, re-fractures, unless patients are treated with anti-
osteoporotic medication. Our results are also relevant for the
policymakers, as the health care systems for years have failed
to intervene on an evidence-based and cost-effective treatment
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among patients with hip fracture. Our stratified analyses sug-
gest that the use of anti-osteoporosis medication following hip
fracture is not related to patient characteristics, but rather is
related to health care organization. Results from the UK sug-
gest that it seems possible to increase the use of anti-
osteoporosis medication among hip fracture patients due to
the standardization of the clinical follow-up course.

Conclusions

This study provides evidence for a treatment gap in the use of
anti-osteoporosis medication after hip fracture, as less than
one-third of patients used an anti-osteoporosis medication
within 12 months of surgery, regardless of sex, age, or comor-
bidity burden. The use of anti-osteoporosis medication in-
creased by only 6 percent points following hip fracture during
2005–2015, irrespective of sex, age, or comorbidity level.
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