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Summary

The aim of this study, a retrospective cohort analysis, was
to calculate the costs and consequences of exposure to and
compliance with drug treatments recommended for refracture
prevention in post-menopausal women with hip fracture. All
women aged ≥65 years and admitted to hospital with a main
or secondary diagnosis of hip fracture in the period 1 January
2006 – 31 December 2008 were included. These patients were
classified as exposed /not exposed to a drug treatment for frac-
ture prevention. Adherence to treatment was calculated in the
group of patients treated with bisphosphonates. The following
items were considered in the cost analysis: drug treatments
supplied, diagnostic tests administered and hospital ad-
missions recorded during the observation period. In total, 5,167
patients were included in the analysis, of whom only 33.9%
received drug therapy post hip fracture; of those treated with
bisphosphonates, only 21.1% were found to have adhered to
the treatment. Exposure to drug treatment reduced the risk
of refracture by 39.5% and the risk of death by 55.1%. The
mean cost increases observed in the patients who, according
to indication, were exposed to drug treatment (+ € 256) or sub-
mitted to a diagnostic test (+ € 40) were offset by a sizeable
reduction in costs of hospitalisation for refracture (- € 703).
Drug treatment for the prevention of bone refractures in hip
fracture patients was found to be effective in reducing the risk
of refracture and death, and cost-effective, reducing overall
patient management costs.

KEY  WORDS: adherence to treatment, cost of disease, drug use, hip fractu-
re, osteoporosis.

Introduction

Adherence to treatment, meaning the extent to which therapeu-
tic indications are translated into clinical practice, is a key factor
in the prevention of bone fractures (1,2). Many studies have in-
deed shown reduced compliance with treatment to be the main
cause of failed pharmacological prevention  associated with in-
creased risk of refracture (3-8). With regard to bisphosphonates,
the drug class most commonly used for the prevention of bone frac-
tures associated with osteoporosis, adherence to treatment was
unsatisfactory in between 35% and 65% of patients (9-13), lea-
ding to a 45% increase in fracture risk compared to recommen-
dation compliant use of the drug therapy (3,6). From these findings
it is thus clear that reduced adherence is a significant phenome-
non from the epidemiological point of view and a factor that in-
fluences treatment.
In addition to its impact on the state of health of the population,
inadequate prevention of bone fractures also contributes to inducing
substantial avoidable costs (14-16). In Italy, the annual costs of
hospitalisations and surgery for hip fractures are estimated to
amount to almost half a billion euros (17), a figure in line with esti-
mates in other western countries (18,19). In addition to these items,
it is also necessary to consider rehabilitation which, again according
to Italian estimates, generates a cost as great as that of hospi-
talisations and surgical operations (18). The size of this problem
is further increased by the fact that, according to a survey recently
carried out in Italy, the percentage of patients complying with bi-
sphosphonate treatments, already rather low (19.6%), has actually
fallen slightly over recent years (dropping from 20.4% in 2007 to
19.6% in 2008) (20).
The aim of this study was to calculate the costs and consequen-
ces of exposure to and compliance with drug treatments recom-
mended for refracture prevention in post-menopausal women with
hip fracture. Comparing the costs and consequences of drug treat-
ments is a useful means of ascertaining the economic sustaina-
bility of bone refracture prevention strategies.

Methods

Data source
The data of the analysed subjects were drawn from the admini-
strative databases of Local Health Units (LHUs) located in the North,
centre and South of Italy and together covering a total of 2 mil-
lions healthcare system beneficieries. Each LHU, in order to mo-
nitor the healthcare services provided to its users, has informa-
tion flows relating to pharmaceutical care, outpatient services care
(eg, diagnostic tests and specialist visits), hospital discharge re-
cords and deaths. In each of these information flows, the servi-
ces provided can be linked to the patient who received them. Th-
rough appropriate data linkage procedures, a population database
including analytical and chronological data for all LHU’s benefi-
cieries can be created. These databases are called administra-
tive databases and many previous studies have validated their use

Original article

0161 12 Analisys_DegliEsposti:-  17-05-2011  7:47  Pagina 57



for the purpose of conducting drug use analyses (21-23). In com-
pliance with privacy laws, the patients’ identification code was en-
crypted and the individuals/bodies involved in processing the data
for the purposes of the analysis were not given any data that mi-
ght enable them to trace, directly or indirectly, any patient. In ac-
cordance with current regulations on the conducting of observa-
tional studies, the Ethics Committees of the participating LHUs were
informed of this study.

Patients included
This retrospective cohort analysis included all women aged ≥65
years and admitted to hospital with a main or secondary diagno-
sis of hip fracture (ICD9 codes: 820, 821)  in the period 1 January
2006 – 31 December 2008. The date of discharge from hospital
was taken as the date of enrolment in the study. Patients hospi-
talised with a main or secondary diagnosis of bone cancer, bone
metastases or pathological fracture (ICD9 codes: 170, 198.5, 733.1)
were excluded from the analysis.

Drug treatments
The patients included in the analysis were classified as exposed
or not exposed to a drug treatment for the prevention of bone frac-
ture according, respectively, to the presence or absence of at lea-
st one prescription of bisphosphonates (ATC codes: M05BA e
M05BB), strontium ranelate (codice ATC: M05BX03), parathyroid
hormones and analogues (ATC code: H05AA), calcitonin prepa-
rations (ATC code: H05BA), raloxifene (ATC code: G03XC01), cal-
cium (ATC code: A12AA), vitamin D (ATC code: A11CC), or com-
bined calcium and vitamin D preparations (ATC code: A12AX) within
the 12 months following their discharge from hospital (observa-
tion period). In the patients treated with bisphosphonates (whether
or not they were receiving other treatments), adherence to treat-
ment was calculated. The number of days covered in each pre-
scription was calculated and added to the number of days cove-
red in all the other prescriptions. The total number of days cove-
red was related to the number of days in the observation period
(365) and multiplied by 100. Patients in whom the total number
of days covered amounted to more than 80% of the observation
period were deemed compliant with the therapeutic recommen-
dations.
During the observation period, the included patients were cha-
racterised  on the basis of the presence of at least two prescrip-
tions of the main concomitant drugs, such as corticosteroids, diu-
retics, enzyme inhibitors, antidiabetic agents, benzodiazepines,
antidepressants, thiazide diuretics, beta-blockers, statins, non-ste-
roidal anti-inflammatory drugs, analgesics and gastroprotective
agents.
In the case of patients who, during the observation period, died
or were transferred to other LHUs, the analysis of drug treatments
was conducted until the date of death or transfer. 

Diagnostic tests
The included patients were classified as exposed/not exposed to
an instrumental or laboratory diagnostic test related to their bone
fracture according to the presence/absence of at least one pre-
scribed examination from among the following: X-ray, of the ribs,
sternum, clavicle (codes 87.43.), cervical, thoracic (dorsal), lum-
bar (lumbosacral) spine (codes 87.2.), or shoulder, elbow, wrist,
pelvis, hip, ankle, lower limbs, rotula (codes 88.2.), MRI scan with
contrast of the cervical, thoracic, lumbosacral spine (code
88.93.1), total body X-ray bone densitometry (DEXA), CT bone
density scan of the lumbar spine, ultrasound bone densitometry
(codes 88.99.), measurement of total calcium (code 90.11.4), alka-
line phosphatase (code 90.23.5), alkaline phosphatase isoenzy-
me (code 90.24.1), phosphorus (code 90.24.5).

Cost of healthcare services
The cost analysis was conducted taking into account all the health-

care services – drug treatments, diagnostic tests and hospital ad-
missions – provided during the observation period or up to the date
of the first relevant hospital admission (if sooner). Only admissions
for a main or secondary diagnosis of fracture of the spine (code
ICD9: 805; 806), hip (code ICD9: 820; 821), radius or ulna (code
ICD9: 813.4; 813.5), humerus (code ICD9: 812.0-812.5), pelvis
(code ICD9: 808), tibia or fibula (code ICD9: 823), ankle (code ICD9:
824) or ribs (codes ICD9: 807.0; 807.1) were considered relevant.
In the case of patients who died or were transferred to another LHA
during the  observation period, the cost analysis was conducted
until the date of the death or transfer. In the patients in whom the-
se events did not occur, the cost analysis was conducted until the
end of the observation period.
The costs of drug treatments, diagnostic tests and hospitalisations
were quantified on the basis of national and regional rates and DRG
(Diagnosis-Related Group) rates.

Statistical analysis
The data are expressed as mean values ± standard deviation (SD)
for continuous variables and as percentages for categorical va-
riables. Pearson’s chi-square test and one-way ANOVA were used
to test for differences in patient characteristics in relation to ex-
posure to and adherence to treatment. The risk of any-cause death
and of hospitalisation (fatal and non-fatal) with a main or secon-
dary diagnosis of fracture was calculated using a Cox regression
model in which hazard ratios were estimated in relation to adhe-
rence to the diagnostic-therapeutic recommendations. The other
covariates included in the model were: the age of the patient, the
presence of treatment with thiazide diuretics or related formula-
tions, anti-inflammatory drugs, gastroprotective drugs, oral anti-
diabetics, or statins, the presence of a history of treatment for osteo-
porosis, the presence of a previous hospitalisation for hip fractu-
re, the presence of a previous cardiovascular hospitalisation, and
the presence of at least one spinal X-ray during the observation
period. Patients sustaining a hip refracture within 45 days of the
enrolment discharge from hospital were excluded from the re-
gression model since these fractures may not, in fact, have been
new fractures.
The level of statistical significance was set at p<0.05. All the analy-
ses were conducted using SPSS for Windows (SPSS Inc., Chi-
cago, Illinois), version 15.0.

Results

A total of 5,210 patients was selected for this study. Of these, 43
(0.9% of the selected patients) were excluded because they were
admitted to hospital with a diagnosis of bone cancer, bone me-
tastases or pathological fracture. The 5,167 patients included in
the analysis had a mean age of 82.3±7.4 years (range, 65-103
years).
Exposure to drug treatment for bone fracture prevention was found
in 33.9% of the included patients; of these, 26.9% had also re-
ceived treatment prior to the hip fracture (Table 1). Exposure to
drug treatment was found to be correlated with patient age. In par-
ticular, exposure to drug treatment decreased progressively with
increasing age (45.5%, 37.0% and 25.7% at 65-74, 75-84 and
>85 years of age, respectively) (Table 2). As regards the drug treat-
ments prescribed at discharge, the monotherapies most commonly
used were bisphosphonates (22.7% of patients), vitamin D (19.0%)
and combined calcium and vitamin D preparation, (31.5%). Con-
versely, 17.9% of the patients received a combination therapy.
The most frequent combination therapies were bisphosphonates
and vitamin D (4.4%), and bisphosphonates together with com-
bined calcium and vitamin D preparations (7.7%).
In the patients exposed to treatment with bisphosphonates, either
in monotherapy or in  a combination therapy (15.0% of the included
patients), adherence to the treatment was found to be low, in-
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termediate and high in 42.8%, 36.1% and 21.1% of the cases,
respectively (Figure 1). As with exposure to treatment, adherence
to treatment was found to be inversely associated with increasing
age of the patients.
In 47.6% of the included patients, at least one bone fracture-re-
lated instrumental diagnostic test was ordered (Table 3). In par-
ticular, at least one X-ray of the cervical, thoracic (dorsal), or lum-
bar (lumbosacral) spine was ordered in 5.9% of the patients, and
at least one total body DEXA, CT bone density scan of the lum-
bar spine, or ultrasound bone densitometry  in 2.1% of the pa-
tients. 
In the patients receiving treatment with bisphosphonates, in mo-
notherapy or in combination therapy regimens, the rate of orde-
ring of at least one instrumental diagnostic test was found to vary
in relation to exposure to the treatment but not in relation to the
level of adherence. The patients submitted to at least two bone
fracture-related instrumental diagnostic tests accounted for
25.4% of the patients included (Table 3).
Requests for at least one bone fracture-related laboratory dia-
gnostic test were made in 21.9% of the included patients (Table
3). 
The survival analysis revealed a total of 1,044 refracture-related
events (deaths or hospitalisations). The incidence of combined
events was found to be significantly reduced in the presence of
drug therapy (-52.9%, p<0.001) and instrumental diagnostic te-
sting (spine X-ray) (-54.9%, p=0.001). These results were also
confirmed when analysing the single events: the incidence of death
was significantly reduced in the presence of drug treatment (-
55.1%, p<0.001) and of instrumental diagnostic testing (spine X-

ray) (-58.6%, p<0.01); the incidence of hospitalisation for refracture,
too, was reduced in the presence of drug treatment (-39.5%,
p<0.001) and of instrumental diagnostic testing (spine X-ray) 
(-51.1%, p<0.05). 

Cost of healthcare services
The total cost of bone fracture-related healthcare services pro-
vided to the included patients during the observation period was 
€ 5,001,876, of which € 396,182 (7.9% of the total cost) was for
drug treatments, € 250,943 (5.0%) for diagnostic tests, and 
€ 4,354,750 (87.1%) for hospitalisations for refractures (Tables
4 and 5).
The mean cost of drug treatments increased from € 0.00 in the
untreated patients to € 255.77 in the treated patients, while that
of diagnostic testing ranged from € 36.66 (untreated patients) to
€ 76.37 (treated patients); conversely, the mean cost of hospi-
talisations for refracture fell from € 1,053.49 in the untreated to
€ 350.69 in the treated patients. Consequently, the average to-
tal cost fell from € 1,090.15 in the untreated to € 682.83 in the
treated patients (Table 4).
In the patients exposed to treatment with bisphosphonates, the
average cost for fracture prevention drugs was found to increa-
se with increased adherence to treatment (€ 27.38 in the untreated
patients, € 256.11 in the treated patients with low adherence, 
€ 466.98 in the treated patients with intermediate adherence and
€ 603.96 in the treated patients with high adherence). A similar
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Table 1 - Exposure to fracture prevention drug treatment prior to and
following hip fracture.

Table 2 - Exposure to fracture prevention drug treatment by patient
age.

Figure 1 - Exposure and adherence to
treatment with bisphosphonates in the
period following hip fracture.
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pattern was found when analysing the average cost for diagno-
stic testing (€ 43.72 in the untreated patients, € 79.37 in the trea-
ted patients with low adherence, € 77.44 in the treated patients
with intermediate adherence and € 88.97 in the treated patients
with high adherence). Conversely, the average cost of hospita-
lisations for refractures fell with increasing adherence (€ 924.69
in the untreated patients, € 396.43 in the treated patients with
low adherence, € 252.27 in the treated patients with intermediate
adherence, and € 175.19 in the treated patients with high adhe-
rence). As a result, the average total cost for the first year of ob-
servation was sufficiently constant with increasing adherence (€
995.80 in the untreated patients, € 731.91 in the treated patients
with low adherence, € 796.69 in the treated patients with inter-
mediate adherence and € 866,12 in the treated patients with high
adherence) (Table 5).

Discussion

This study produced two main findings that support the existing
evidence on refracture risk prevention in hip fracture patients. Fir-
st, it confirmed the findings of several previous studies regarding
the relationship between increased adherence to treatment and

reduction of the risk of refracture or death (3-8). Second, it showed
that greater adherence is cost saving, given that the increased
drug treatment (and diagnostic testing) costs were well offset by
the reduction in the costs of hospitalisations.
The relationship between adherence to treatment and risk of re-
fracture or death was significant both generally (exposure to drug
treatment reduced the risk of refracture or death by 52.9%) and
when considering these two outcomes separately (exposure to
drug treatment reduced the risk of death by 55.1% and of refracture
by 39.5%). Analysis of parameters associated with the risk of re-
fracture or death also highlighted the importance of diagnostic te-
sts. In particular, having a spine X-ray was  found to be associated
with a reduced fracture risk  (-51.1%) and a reduced risk of death
(-58.6%). This finding could be attributable to patients taking grea-
ter care after receiving their X-ray results. Obviously, this inter-
pretation, while plausible, is not verifiable, given the absence of
test outcome values.
With regard to treatment exposure and adherence, this study con-
firmed that the values in clinical practice are particularly unsati-
sfactory (9-13,20). Only 33.9% of hip fracture patients were ex-
posed to drug treatments; moreover, of those treated with bi-
sphosphonates, only 21.1% used the drugs in accordance with
the therapeutic indications that constitute a guarantee of the ef-
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Table 4 - Total cost of fracture-related healthcare services in relation to exposure to fracture prevention
drug treatment.

Table 3 - Exposure to instrumental or laboratory tests in hip fracture patients.
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ficacy of the treatment. Given the strength of the relationship
between adherence to treatment and risk of refracture or death,
and also in view of the high number of refractures and deaths that
were not avoided, this is a worrying phenomenon.
The poor exposure and adherence to treatment was an un-
satisfactory result in economic terms, too. Indeed, the mean
cost increases observed in the patients who, according to in-
dication, received drug treatment (+ € 256) or underwent a dia-
gnostic test (+ € 40) were well offset by the sizeable reduction
in refracture-related hospitalisation costs (- € 703). These re-
sults, which were replicated in patients treated with bispho-
sphonates and also found to be related to the different levels
of adherence to treatment, appear particularly important given
that this assessment was restricted to the first year following
hip fracture – the pharmacological prevention already proved
effective in this short period of time –, and also given that  the
prevention was not only cost effective but also cost saving, sin-
ce the average total cost sustained for the treatment-adherent
patient was lower than that sustained for the patient with un-
satisfactory adherence.
The main limitation of this study was the absence, in the admi-
nistrative databases, of certain patient data, such as race, socio-
economic status, anthropometric parameters and, above all, the
results of the bone density and other tests necessary for disea-
se staging and calculating patient risk. As a result, it was not pos-
sible to achieve complete control of confounding factors or, as
a result, to exclude the effect of these parameters on event risk
and on the healthcare costs of the different categories of expo-
sure and adherence to treatment. 
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