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SUMMARY

The aim of the present study was to evaluate the application into clinical practice of therapeutic and diagnostic
recommendations for the prevention of bone re-fracture in postmenopausal women after an hospitalization
for hip fracture in clinical practice and to assess the relationship between the application of diagnostic
recommendations and re-fracture or death risk. A retrospective cohort analysis was conducted. All female
patients, at least 65 years old, and with an hospitalization with main or secondary diagnosis of hip fracture
during the period 1 January 2006 - 31 December 2008, were included. Besides demographic characteristics and
comorbidities, drug treatment prescriptions related to bone fracture or supplementation with calcium or vitamin
D and prescriptions of recommended laboratory and instrumental diagnostic tests (e.g. spine radiography),
were analysed. A total of 5,636 patients were included in the study. The prescription of a drug treatment
aimed to reduce the risk of re-fracture was found in 16.3% of patients, among them 76.3% (699 patients) used
bisphosphonates only, 17.1% (157 patients) strontium ranelate only and 4.9% (45 patients) used more than one
treatment during the observation period. Among the patients who did not receive drug treatment, 17.5% made
use of only supplemental calcium and vitamin D. The remaining part of patients (69.1%) received no treatment.
The prescription of at least one laboratory test of first and second level was performed, respectively, on 53.7%
and 43.1% of included patients, whereas the prescription of at least one instrumental test of first and second
level was performed, respectively, on 5.9% and 0.8%. Although it is established that the prescription of the
recommended tests and appropriate drug treatment are significantly associated with reduced risk of re-fracture
and death, today the application of these recommendations is reduced.
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H INTRODUCTION

steoporosis is defined as a skeletal

disorder characterized by an impair-
ment of the mechanical resistance of the
bone, causing an increased risk of frac-
ture. This resistance is mainly a combi-
nation of bone density and quality (1).
Therefore, a reduction in bone mass and
microarchitecture results in fragile bones
which fracture after light, that is low en-

ergy trauma. Fragile bone fractures are
considered one of the major causes of
morbidity and death worldwide (2), be-
sides making a significant contribution to
health care costs (3). In Italy, each year
over 80,000 fractures of the proximal end
of the femur are registered as being due to
osteoporosis, with a net prevalence (72%)
in women (3).

A number of guidelines describe different
combinations of therapeutic and diagnos-
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tic procedures to improve the prognosis
of patients with femur fracture, and to re-
duce the risk of re-fracture and death (4,
5). These recommendations include the
identification of subjects at high risk of
re-fracture (e.g. patients with previous fe-
mur fracture), diagnostic, laboratory and
instrumental tests, non-pharmacological
measures of prevention and cure (e.g. cal-
cium and vitamin D levels), indications
for pharmacological treatment. In particu-
lar, these recommendations underline the
importance of the diagnosis of osteoporo-
sis by X-ray densitometry and analyze the
contribution of multiple risk factors to the
reduction of bone mass. Differential diag-
nosis of osteoporosis is extremely impor-
tant, particularly in diseases with mecha-
nisms which to a greater or lesser degree
can increase the risk of fracture.

It is important that the patient undergoes
a clinical examination and a series of sim-
ple 1st level biochemical tests to exclude
secondary osteoporosis. These should
include calcemia, creatinine phosphate,
calciuria, serum protein fractionation,
and ESR. According to guidelines, den-
sitometry screening is recommended for
all women after the age of 65 years. In
spite of these therapeutic and diagnostic
guidelines, very little scientific evidence
has been transferred into clinical practice,
and this has important clinical (6-16) and
economic (17-22) implications.

The aim of this study was to measure the
degree of transfer into clinical practice of
these therapeutic and diagnostic recom-
mendations for the prevention of bone re-
fracture in post-menopausal women with
femur fracture. The study also aims to eval-
uate the level of association between these
recommendations (from now on referred to,
in general, as adherence to recommenda-
tions) and the risk of re-fracture or death.

H MATERIALS AND METHODS

Data sources

Data of study subjects were extracted
from the databases of five local health
authorities (LHA) in five regions of Italy:
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Lombardy, Emilia-Romagna, Tuscany,
Campania and Calabria, with a total of
two and a half million patients registered.
In order to trace the assistance given, the
local health authorities have various in-
formation flow systems for their local
pharmaceutical services (LPS), direct
pharmaceutical distribution (DPD), spe-
cialist visits (SV), hospital discharge re-
cords (HDR) and deaths. These systems
allowed patients receiving these services
to be traced.

Using appropriate data linkage proce-
dures, it is possible to create a population
databank containing individual, analytical
and chronological profiles of all patients
registered with the LHA. These databanks
are known as administrative databanks
and their role in the analysis of pharma-
cological utilization has been confirmed
in numerous previous studies (23-25).
In compliance with the laws on privacy,
the patient’s identity code was encrypted
and those responsible for data manage-
ment were not provided with any informa-
tion which could lead to direct or indirect
identification of the patient involved. The
local ethics committees of all LHA partic-
ipants were informed of the study accord-
ing to the legal requirements concerning
observational analysis.

Patients

This was a retrospective cohort analytical
study involving all females aged 65 years
or over with a hospitalization event with
primary or secondary diagnosis of femur
fracture (code ICD9: 820, 821) in the pe-
riod from 1 January 2006 to 31 December
2008.

The date of hospital discharge was taken
as the date of study enrollment. Patients
admitted with a diagnosis of primary or
secondary bone tumor, bone metastasis
or pathological fracture were excluded
from the study' (codes ICD9: 170, 198.5,
733.1).

'A pathological fracture is a case in which a skeletal
segment which is already the site of either a previous
pathological process or a pathological process in course
has been subjected to light trauma, such as fractures at
the site of tumors, osteomyelitis, etc.
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Drug treatments

Study patients were classified as exposed
or not exposed to drug treatment for bone
fracture on the basis of the presence or
absence of at least one prescription of
bisphosphonates (codes ATC: MO5SBA e
MO5BB), strontium ranelate (code ATC:
MO5BXO03), parathyroid hormones and
analogs (code ATC: HO5AA), calcitonin
based drugs (code ATC: HO5BA), ral-
oxifene (code ATC: GO3XCO01), in the 12
months after discharge from hospital (ob-
servation period).

Calcium treatment (code ATC: A12AA),
vitamin D (code ATC: A11CC), calcium
and vitamin D in preconstituted solutions
(code ATC: A12AX) was not classified as
specific for femur fracture but was ana-
lyzed separately. Adherence to treatment
was calculated in patients treated with
bisphosphonates and strontium ranelate
using the therapeutic indication in the ac-
companying drug leaflet.

The number of days covered by each pre-
scription was calculated and added to the
other prescriptions.

The total number of days covered was cal-
culated in relation to the number of days
in the observation period (365) and multi-
plied by 100.

The patients were classified into various
levels of adherence to the therapeutic rec-
ommendations: low adherence if less than
40% days were covered; intermediate if
between 41 and 80% days were covered;
high if treatment cover was over 80%.
Because of the low numbers, adherence
to treatment was not calculated in patients
exposed to other drug treatments (para-
thyroid hormones and analogs, calcitonin
based drugs, raloxifene).

For those patients who died or were trans-
ferred to another LHA during the observa-
tion period, analysis of the drug treatment
was carried out until the date of death or
transfer.

Diagnostic tests

Study patients were classified as exposed
or not exposed to diagnostic tests related to
the bone fracture on the basis of the pres-
ence or absence of at least one prescrip-
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tion in the 12 months following the date of
discharge from hospital (observation peri-
od). Diagnostic tests were classified into:
Ist level laboratory tests - ERA [code:
90.82.5], CBC [code: 90.62.2], fraction-
ated serum proteins [code: 90.38.4], cal-
cemia [code: 90.11.4], phosphoremia
[code: 90.24.5], total alkaline phospha-
tase [code: 90.23.5], creatininemia [code:
90.16.3]); 2nd level laboratory tests - ion-
ized calcium [code: 90.11.6], TSH [code:
90.42.1], PTH [code: 90.35.5], 250H-
VitD [code: 90.44.6], cortisol [code:
90.15.3], immunofixation [code: 90.69.2],
anti-gliadin, anti-endomysium, anti-tran-
glutaminase antibodies [codes: 90.48.06,
90.49.5, 90.49.7, 90.52.2, 90.53.6], trans-
aminase [code: 90.09.2, 90.04.5], urinary
electrophoresis proteins [code: 90.39.1],
neoformation turnover [code: 90.24.1,
90.35.4, 90.37.7], resorption turnover
[code: 90.16.7,90.28.2, 90.36.6]); 1st lev-
el instrumental tests - back X-ray [code:
87.23], umbocacral X-ray [code: 87.24],
spine X-ray [code: 87.29], densitom-
etry [code: 88.99.2, 88.99.3, 88.99.5]);
2nd level instrumental tests - spine MRI
[code: 88.93, 88.93.1], Spine CT scan
[code: 88.38.1, 88.38.2]).

Statistical analysis

Data are expressed as mean + standard de-
viation (SD) for continuous variables and
as percentage for categorical variables.
Pearson’s X test and one-way ANOVA
were used to evaluate the differences in
patients’ characteristics according to ex-
posure and adherence to treatment.

A Cox’s regression model with estimated
Hazard Ratio (HR) for adherence to the
therapeutic and diagnostic recommen-
dations was used to calculate the risk of
death from any cause and risk of hospital
admission, fatal and non-fatal, with pri-
mary or secondary diagnosis to fracture
as follows: spine fracture [code ICDO:
805, 806], rib fracture [code ICD9: 807.0,
807.1], pelvis fracture [code ICD9: 808],
humerus fracture [code ICD9: 812.0,
812.1, 812.2, 812.3, 812.4, 812.5], radio
and ulnar fracture [code ICD9: 813.4,
813.5], femur fracture [code ICD9: 820],
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tibia and fibula fracture [code ICD9: 823],
ankle fracture [code ICD9: 824]).

Other covariates included in the model
were: patient age, treatment with thiazide
diuretics with associated formulations,
with antiinflammatories, with gastropro-
tectors, with oral antidiabetics or statins,
with previous osteoporosis treatment, fe-
mur fracture, cardiovascular problems,
neoplasms, the presence of calcium or
vitamin D supplements, presence of 1st
level diagnostic tests, 2nd level diagnostic
tests, 1st level instrumental tests, 2nd lev-
el instrumental tests, presence of specific
drug treatment.

In order to exclude data resulting from the
same fracture, patients with re-fracture
of the femur within 45 days of discharge
after the initial hospitilization event were
excluded from the regression model.
P<0.05 was considered statistically signif-
icant. All analyses were carried out with
SPSS software for Windows (SPSS Inc.,
Chicago, Illinois, USA), version 18.0.
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cal fracture. Average age of the remaining
5,636 patients was 82.7+7.3 years (range
65-103 years).

Drug treatment

Exposure to drug treatment for the frac-
ture (previous to and/or subsequent to
the fracture) was reported in 16.3% of
patients. Of these, 28.9% also presented
treatment previous to the femur fracture
(Table I). Just 4.6% of patients received
only calcium or vitamin D supplements.
Figure 1 shows the prevalence of the use
of different drug treatments and calcium
or vitamin D supplements in the period
previous or subsequent to the femur frac-
ture. Among patients exposed to drug
treatment for bone fracture, 62.0% also re-
ceived calcium or vitamin D supplements.
Among those who, on the contrary, were
not exposed to specific drug treatment,
17.5% received only calcium or vitamin D
supplements (Table II).

Table | - Essential drug treatment before and after
femur fracture.

B RESULTS
N. %
A total of 5,686 patients were selected for | No treatment 4,533 1804
the study. Of these, 50 patients (0.8% of  [Only pre-fracture 187 3.3
selected patients) were excluded because | Only post-fracture 651 16
they had been admitted with a diagnosis of | Both pre- and post-fracture 265 |47
bone tumor, bone metastasis or pathologi-  [Total 5636|100
100
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Figure 1 - Use of essential drug treatment and calcium or vitamin D supplements before and
after femur fracture.
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During the observation period, 699 pa-
tients (76.3% of patients exposed to spe-
cific drug treatment) used only bisphos-
phonates, 157 pazienti (17.1%) used only
strontium ranelate, and 45 patients (4.9%)
used more than one treatment (Table
III). Of these last patients, 38 patients
used bisphosphonates and and strontium
ranelate. In this study, given the reduced
number of patients with more than one
treatment, the question as to whether this
concerned treatment associated with oth-
ers or substituting others was not explored
(Table III).

In patients exposed to treatment with
bisphosphonates in monotherapy, 41.3,

Table Il - Essential drug treatment as monotherapy or
after femur fracture.
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36.5 and 22.2% had low, intermediate and
high adherence to treatment, respectively.
In patients exposed to strontium ranelate
in monotherapy, 55.4, 31.8% and 12.8%
had low, intermediate and high adherence
to treatment, respectively (Table IV).

Diagnostic tests

At least one Ist level laboratory test
was prescribed in 53.7% of patients, at
least one Ist level instrumental test in
43.1%,and at least one 2nd level instru-
mental test in 0.8% (Table V). Table V
shows the number of patients who were
prescribed at least one diagnostic test in
the period previous and/or subsequent to

associated with calcium or vitamin D supplements

Frequency %
No osteoporosis medication 4,720 83.7
Neither osteoporosis medication nor calcium/vitamin D 3,895 82.5
Only calcium/vitamin D supplements 825 17.5
Osteoporosis medication 916 16.3
Only osteoporosis medication 348 38.0
Osteoporosis medication + calcium/vitamin D supplements 568 62.0
Total 5,636 100.00

Table Ill - Essential drug treatment in the observation period after femur fracture.

Treatment during observation period N. %
Bisphosphonates 699 76.3
Parathyroid hormone 13 1.4
Calcitonin based products 1 0.1
Raloxifene 1 0.1
Strontium ranelate 157 17.1
Multiple drug treatment (in association or as substitute) 45 49
Bisphosphonates - Parathyroid hormone 4 8.9
Bisphosphonates — Raloxifene 2 4.4
Bisphosphonates - Strontium ranelate 38 84.4
Parathyroid hormones - Strontium ranelate 1 2.2
Total 916 100

Table IV - Adherence to treatment in patients with femur fracture treated with bisphosphonates or stron-

tium ranelate.
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Level of adherence Total
<=40% 40-80% >80%
Biphosphonates (n %) 289 41.3 255 36.5 155 22.2 699" | 100
Strontium ranelate (n %) |87 55.4 50 31.8 20 12.8 157* | 100

*Patients in monotherapy.
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Table V - Prescription of 1st and 2nd level laboratory tests and 1st and 2nd level instrumental tests before
and after femur fracture (at 3 and 12 months post-fracture).

1 year pre-fracture | 3 months post-fracture | 1 year post-fracture
1st level laboratory tests' (n %) 2,612 46.3 1,515 26.9 3,025 53.7
2nd level laboratory tests? (n %) 2,278 40.4 859 15.2 2,427 43.1
1st level diagnostic tests® (n %) 423 7.5 74 1.3 330 5.9
Densitometry (n %) 77 1.4 15 0.3 105 1.9
Back X-ray (n %) 170 3.0 27 0.5 108 1.9
Lumbosacral X-ray (n %) 324 5.7 54 1.0 220 3.9
Spine X-ray (n %) 9 0.2 0 0.0 2 0.0
2nd level diagnostic tests* (n %) 79 1.4 4 0.1 44 0.8

"1st level laboratory tests; ESR, CBC, fractionated protiens, calcemia, phosphorus, total alkaline phos-
phatase, creatininemia. 22nd level laboratory tests: ionized calcium, TSH, PTH, 250H-VitD, cortisol, immu-
nofixation, anti-gliadin antibodies/anti-endomysium / anti-tranglutaminase, transaminase, urinary protein
electrophoresis, neoformation turnover, resorption turnover. 1st level laboratory tests: spine X-ray, back
X-ray, lumbosacral X-ray, densitometry. 42nd level laboratory tests: spine MRI, spine CT scan.

the femur fracture (in the three months be-
fore and in the 12 months subsequent to
the fracture event).

Survival analysis

Multivariate survival analysis with ref-
erence to the year after the enrollment
admission showed that a new admission
for bone fracture was requested for 368
patients (femur, pelvis, ribs, ankle, tibia/
fibula, humerus, spinal column, colonna
vertebrale, radio/ulnar) and that there had
been 1,083 deaths, with 92.1% and 80.5%
of survival, respectively. Univariate sur-
vival anaylsis showed that the risk of
re-fracture was significantly lower in pa-
tients exposed to drug treatment for osteo-
porosis (-53.3% [-67.3%; -33.2%] with
respect to patients not exposed to treat-
ment (P<0.001).

The multivariate model showed, among
other factors, that the risk of re-fracture
was significantly lower in patients treated
with calcium or vitamin D supplements
(-31.8% [-50.2%; -6.6%] with respect to
patients who did not receive supplements
(P<0.05), patients who received prescrip-
tion of Ist level laboratory tests (-63.7%
[-76.0%; -45.2%] with respect to those
without prescription of diagnostic tests
(P<0.001), in patients who received pre-
scription of 1st level instrumental diag-
nostic tests (-72.1% [-89.7%; -24.8%]
with respect to patients without prescrip-
tion of diagnostic tests (P<0.05) and in pa-
tients with prescription of 2nd level labo-

ratory tests (-37.3% [-60.5%; -0.5%] with
respect to patients without prescription of
diagnostic tests (P<0.05) (Table VI).
From a univariate survival model, the
risk of death was significantly lower in
patients with specific pharmacological
treatment (-81.7% [-86.8%; -74.4%] with
respect to the patients without treatment
(P<0.001).

An analysis of the multivariate model,
among other factors, shows that the risk
of death is significantly lower in patients
who received calcium or vitamin D sup-
plements (-39.3% [-51.0%; -24.9%] with
respect to patients who did not receive
supplements (P<0.001), in patients who
were prescribed 1st level instrumental di-
agnostic tests (-54.1% [-73.6%; -20.3%]
with respect to patients who were not
prescribed diagnostic tests (P<0.01), in
patients who were prescribed 2nd level
laboratory tests (-25.0% [-40.1%; -6.1%]
with respect to patients who were not pre-
scribed diagnostic tests (P<0.05), and in
patients receiving specific drug treatment
(-62.3% [-73.4%; -46.6%] with respect to
patients not receiving treatment (P<0.001)
(Table VII).

H DISCUSSION

Results confirm that there is little trans-
fer of diagnostic and therapeutic recom-
mendations into clinical practice for the
prevention of bone re-fracture in post-
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menopausal patients with femur fracture.
With respect to most studies in this field,
(13-15) the present analysis examined ad-
herence to diagnostic recommendations
and showed that far fewer 1st and 2nd lev-
el laboratory and instrumental tests were
prescribed than are suggested in available
guidelines (4, 5). In particular, prescrip-
tion of laboratory tests was low (53.7%
and 43.1% of patients were prescribed,
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respectively, 1st and 2nd level tests) and
very low for instrumental tests such as
X-rays and densitometry (5.9% and 0.8%
patients were prescribed, respectively, 1st
and 2nd level tests).

In addition, there was no increase in the
number of patients who were prescribed
a diagnostic test in the period after the
fracture with respect to the period before
the fracture (from 46.3 to 53.7% for 1st

Table VI - Predictors of risk of bone re-fracture in patients with femur fracture.

HR 1C 95,0% per HR
Lower Higher

Patient age 0.989" 0.975 1.002 N.S.
Treatment with thiazide diuretics in preconstituted association™
(rosence) P 0332  [0204  |0541  |<0.001
Treatment with antiinflammatories™ (presence 0.353 0.221 0.563 <0.001
Treatment with gastroprotectors™ (presence) 0.378 0.282 0.506 <0.001
Treatment with oral antidiabetic** (presence) 0.416 0.221 0.783 <0.01
Previous osteoporosis medication (presence) 2.308 1.629 3.270 <0.001
Previous admission for femur fracture (presence) 0.632 0.235 1.697 N.S.
Treatment with statins™ (presence) 0.660 0.338 1.289 N.S.
Treatment with calium/vitamin D supplements (presence) 0.682 0.498 0.934 <0.05
1st level diagnostic tests (presence) 0.279 0.103 0.752 <0.05
1st level laboratory tests (presence) 0.363 0.240 0.548 <0.001
2nd level laboratory tests (presence) 0.627 0.395 0.995 <0.05
Osteoporosis medication (presence) 0.705 0.471 =1.053 =0.088

*HR relative to an annual age increase. **During the observation period. Presence of 2nd level diagnostic
tests was inserted as covariate analysis but the low number of cases meant a convergence model could
not be produced; this was, therefore, removed from the analysis.

Table VII - Predictors of risk of death of patients with femur fracture.

1C 95.0% per HR
HR Lower Higher P

Patient age 1.054 1.045 1.063 <0.001
Treatment with thiazide diuretics in preconstituted association™ | 0.190 0.124 0.290 <0.001
Treatment with antiinflamatories* 0,444 0,335 0.589 <0.001
Treatment with gastroprotectors™ 0.711 0.612 0.827 <0.001
Treatment with oral antidiabetics™ 0.601 0.434 0.834 <0.01
Previous osteoporosis treatment 1.186 0.921 1.527 N.S.
Previous admission for femur fracture 0.375 0.178 0.791 =0.01
Treatment with statins™ 0.259 0.138 0.484 <0.001
Previous admission for cardiovascular problems 1.807 1.552 2.104 <0.001
Admission for neoplasms 3.430 2.786 4.222 <0.001
Calcium/vitamin D supplements 0.607 0.490 0.751 <0.001
1st level diagnostic tests 0.459 0.264 0.797 <0.01
2nd level diagnostic tests 0.670 0.093 4.796 N.S.
1st level laboratory tests 0.863 0.701 1.062 N.S.
2nd level laboratory tests 0.750 0.599 0.939 <0.05
Osteoporosis treatment 0.377 0.266 0.534 <0.001

*HR related to annual age increase. **During the observation period.
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level laboratory tests, from 40.4 to 43.1%
for 2nd level laboratory tests, from 7.5 to
5.9% for 1st level instrumental tests, from
1.4 to 0.8% for 2nd level instrumental
tests).

As far as exposure to drug treatment is
concerned, a low percentage of patients
with femur fracture were prescribed drugs
for osteoporosis (16.3%), another low per-
centage of patients were only prescribed
calcium and vitamin D supplements
(14.6%), while 69.1% were not prescribed
any type of treatment.

These results are in line with previous
studies (13-16, 22) and are important,
above all, in this study cohort of patients
who, having had a previous fracture event,
are already at a particularly high risk of
new fragile fracture. Adherence to treat-
ment is a further problem. In fact, of the
patients exposed, only a quarter had ad-
equate therapeutic cover.

The second important result from this
study is the extent of the relationship be-
tween application of the therapeutic and
diagnostic recommendations and the risk
of re-fracture or death in post-menopausal
patients with femur fracture.

In accordance with previous studies, (6-
12) treatment for osteoporosis was protec-
tive and had an impact, above all, on to-
tal mortality (-62.3% of risk with respect
to patients not undergoing treatment).
Calcium and vitamin D supplements were
also protective (-31.8 and -39.3% of risk,
respectively, of re-fracture and death, with
respect to patients not receiving supple-
ments). Besides drug treatment, the pres-
ent study analyzed the effect of prescrip-
tion of the recommended diagnostic tests.
The prescription of 1st level instrumental
tests such as X-rays (back, lumbosacral,
and spine) and densitometry is associated
with a -72.1% reduction in re-fracture risk
and a -54.1% reduction in death risk (re-
spect to patients who were not prescribed
these tests). It would be quite reasonable
to attribute this to an increased awareness
of the real condition of the patient and
to the appropriate therapeutic strategies
which were consequently adopted.

The main limitation of this study was that
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some clinical information concerning pa-
tients was not available in the administra-
tive information flow systems which are
currently used.

The most important information which
was missing concerned the severity of os-
teoporosis.

Since in clinical practice the severity of
osteoporosis is in itself a factor which in-
creases the need for drug treatment and di-
agnostic tests, the socio-economic status,
anthropometric parameters and, above
all, the study of the relationship between
adherence to therapeutic and diagnostic
recommendations and the risk of re-frac-
ture (in cases in which the severity of the
osteoporosis was not recorded) could not
explained why each individual parameter
contributed to the risk of re-fracture or
death. In particular, the lack of confirma-
tion of a diagnosis of osteoporosis could
have led to the inclusion of patients with
traumatic and not osteoporotic fracture.
However, selection criteria in the study co-
hort meant only female patients aged over
65 years were included and this should
have minimized such a risk. Selection cri-
teria with particular reference to previous
femur fracture, should also have limited
any possible bias in the therapeutic in-
dications, since these patients, precisely
because of the fracture event, were in any
case exposed to a continuative preventive
treatment (confounding by indication).
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