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Abstract
Purpose To evaluate the impact of pharmacological treatment in osteoporosis patients with recent fracture and to assess the
incidence of subsequent fracture and all-cause mortality.
Methods This observational retrospective study was based on data from administrative databases of five Italian Local Health
Units. Osteoporosis patients aged ≥ 50 years with hospitalization for vertebral or hip fracture occurring between 01/01/2011
and 31/12/2015 were included. Treatment adherence was calculated using the medication possession ratio. Multivariable
proportional hazard Cox model was used to identify factors associated with time to re-fracture and all-cause mortality.
Results A cohort of 3475 patients were included and 41.5% of them did not receive any specific anti-fracture treatment.
Among treated patients (N= 2032), the majority (83.6%) received calcium/vitamin D supplementation. Over a mean follow-
up of 3 years, the risk of subsequent fractures was 44.4% lower in treated patients compared to untreated ones (HR= 0.556,
95% CI= 0.420–0.735, p < 0.001) and 64.4% lower in those receiving calcium/vitamin D supplementation compared to
osteoporosis treatment only (HR= 0.356, 95% CI= 0.237-0.533, p < 0.001). The risk of re-fracture was 77.2% lower in
treated patients who were adherent to medication (HR= 0.228, 95% CI= 0.139–0.376, p < 0.001). Treated patients had
64% lower mortality risk over the follow-up compared to untreated ones (HR= 0.360, 95% CI= 0.310–0.418, p < 0.001).
Conclusions A consistent proportion of osteoporosis patients did not receive specific treatment after a fracture, showing poor
adherence to national guidelines on osteoporosis treatment. Osteoporosis drug treatment, and to a greater extent in com-
bination with calcium/vitamin D, and adherence were correlated with lower risk of both re-fracture and all-cause mortality.
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Introduction

Osteoporosis is a chronic degenerative disease characterized
by a decrease in bone mineral density and an alteration in
the skeletal micro-architecture, which leads to an increased
risk of developing fragility fractures [1]. It is estimated that
200 million women worldwide suffer from osteoporosis [2]
and this condition is mainly observed in postmenopausal
women. Fragility fractures due to osteoporosis account for 9
million of the total fractures registered annually worldwide
and have important consequences in terms of mortality and
disability, with high health and social costs [2, 3]. The
limitation in ambulation resulting from osteoporotic frac-
tures accompanies chronic pain, loss of independence, and
decreased quality of life [3]. In Italy, approximately 4
million postmenopausal women have osteoporosis [4].
These numbers are constantly growing, particularly in
relation to the increase in life expectancy and an increment
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of 14% in the number of Italian postmenopausal
osteoporotic women has been estimated between 2010 and
2020 [5].

Osteoporotic treatment has largely been shown to
improve the health status of patients by reducing the risk
of both vertebral and non-vertebral fractures [6, 7].
Despite this, only a small proportion of osteoporotic
patients are currently treated for fracture prevention [8,
9]. In addition to the lack of treatment, poor adherence to
osteoporotic treatment in clinical practice has been
repeatedly reported. A number of studies have demon-
strated that less than half of osteoporotic patients were
adherent to the treatment prescribed [10–12] and a large
proportion of them discontinued treatment after 30 days
[12]. Poor adherence to osteoporosis therapy could be
partly explained by its long-term nature and the delayed
perception of its benefit by the patient [13]. Never-
theless, the risk of subsequent fracture is higher in non-
adherent osteoporotic patients [8] and this is of con-
siderable interest considering that patients with previous
fragility fracture are at a higher risk of developing a
subsequent fracture compared to those without [14]. A
recent study evaluated medication use and the risk of
subsequent fractures in postmenopausal women with
osteoporosis and previous fragility fractures [8]. A large
proportion of these patients were untreated: almost three
out of four patients were not receiving treatment with
osteoporosis medication and of those taking a drug,
almost one-fourth discontinued the therapy over the 1-
year follow-up period. Results from this study
also identified the previous use of osteoporotic treatment
as a predictor of greater use of these drugs after fracture
[8].

An essential role in the treatment of osteoporosis is also
played by calcium and vitamin D. Firstly, in virtually all
clinical trials carried out to demonstrate the anti-fracture
effects of osteoporotic medication, calcium, and vitamin D
were also associated [15–19]. Secondly, vitamin D deple-
tion has been found to increase the risk of osteoporosis
fractures [20, 21] and reduce the protection against fractures
provided by several drugs widely used for the treatment of
osteoporotic patients in clinical practice [22, 23]. For these
reasons, vitamin D supplementation is also recommended
by the Italian Medicine Agency for patients at risk of fra-
gility fracture or subsequent fracture initiating osteoporotic
medication [24].

On this basis, we focused on a large database of osteo-
porotic patients aged 50 years or over with previous fracture
due to osteoporosis, with the aim to analyze the pharma-
coutilization profile of osteoporotic drugs with and without
calcium/vitamin D supplements, and to assess the incidence
of subsequent fractures and all-cause mortality.

Methods

Data source

In the present observational retrospective study, data were
extracted from the administrative databases (DB) of five
Italian Local Health Units (LHUs), geographically dis-
tributed in the National territory (Napoli 3 Sud, Pescara,
Udine, Verona, Frosinone) with an overall health-assisted
population of 3.3 million (approximately 5% of the National
population). These administrative data comprise a number
of DB in which information for each health-assisted subject
are routinely collected; for this study, the following data-
bases were assessed: Beneficiary DB (data on patients’
characteristics), Hospitalization DB (including primary and
secondary diagnoses at hospital discharge), Pharmaceuticals
DB (data on prescription of drugs reimbursed by the Italian
National Health System, including the name of the drug,
ATC code, dispensing date) and Payment exemption DB
(including disease exemption codes). Each patient was
identified in the DBs by an anonymous code, which per-
mitted electronic linkage between them. Data were extrac-
ted by the staff of the LHUs and their DB were rendered
anonymous in full compliance with the Italian code of
protection of personal data (Legislative Decree 196/03,
http://www.camera.it/parlam/leggi/deleghe/03196dl.htm).
No identifiers related to patients were made available to the
researchers involved in the present study. All results of the
analyses were produced as aggregated summaries, which
are not possible to assign (either directly or indirectly) to
individual patients. Informed consent was not required for
using encrypted retrospective information. According to
Italian law (Guideline for the classification and conduction
of the observational studies on medicines, Italian Medicines
Agency, 2010), the local ethics committee of each LHU
involved were notified of the undertaking of this study.

Cohort definition

All patients aged ≥ 50 years with osteoporosis and with hos-
pitalization for vertebral or hip fracture occurring between 01/
01/2011 and 31/12/2015 (inclusion period) were included.
The following fractures, in primary discharge diagnosis field,
were identified for inclusion: vertebral fractures, with and
without spinal cord injury (ICD-9-CM codes 805 and 806)
and femur fractures (ICD-9-CM code 820). In order to
exclude patients with a hospital readmission for control visits
after fracture, only subjects discharged for femur fractures
associated with a concomitant surgical procedure (ICD-9-CM
codes 79.00, 79.05, 79.10, 79.15, 79.20, 79.25, 79.30, 79.35,
79.40, 79.45, 79.50, 79.55; 81.51, 81.52) were included. All
included patients had at least one hospitalization discharge
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diagnosis of osteoporosis (ICD-9-CM code 733.0) during the
inclusion period. The following osteoporosis drugs were
included in the analysis: bisphosphonates (ATC M05BA,
excluding M05BA08) and their combinations with vitamin D
(ATC M05BB03), other drugs affecting bone structure and
mineralization (ATC M05BX), teriparatide and parathyroid
hormones (H05AA), calcitonin (H05BA), selective estrogen
receptor modulators (G03XC). For calcium and vitamin D we
considered the following ATC codes: A12AA, A12AX,
A11CC (excluding A11CC03 and A11CC04).

According to international guidelines on osteoporosis
treatment, we defined patients as “treated” if they were
taking anti-fracture drugs alone or in combination with
calcium and vitamin D and “untreated” as those not taking
anti-fracture drugs nor calcium or vitamin D. Index date
was defined as the time a patient experienced a fracture.
Patients who had a fracture in the year prior to the index
date were excluded. Patients with renal diseases and
malignancies were also excluded from the study, after their
identification by the presence of the ICD-9-CM codes 584-
585 or exemption code 023 (renal diseases) or ICD-9-CM
codes 140-208 or exemption code 048 (malignancies) dur-
ing the 2-year period preceding the index date. After
inclusion, patients were followed-up for at least 1 year, from
the index date to 31/12/2016.

Baseline characteristics

During the 1-year-period prior to the index date, patients were
characterized by collecting their demographic data (age and
gender), comorbidities and medication use. Comorbidities were
identified by discharge diagnosis codes (both primary and
secondary, according to ICD-9-CM) or the prescription of a
specific disease-related drug (i.e., insulin for diabetes mellitus)
when the diagnosis was not available. In particular, we eval-
uated the following comorbidities: hypertension, diabetes
mellitus, dyslipidemia, ischemic heart disease, cardiac
arrhythmias, heart failure, stroke, chronic obstructive pulmon-
ary disease. Based on comorbidities, patients were also
assigned the Charlson Comorbidity Index (CCI) score [25]; this
index attributes a weighted score to each concomitant disease,
according to the potential in influencing mortality, and is cal-
culated by summing the resulting disease scores. CCI score
was categorized as ≤ 1 and > 1. Previous medication use was
only considered for those drugs with at least two reported
prescriptions, in order to exclude irregular therapies. The use of
the following drugs was evaluated during the 12 months before
inclusion: corticosteroids for systemic use (ATC H02), platelet
aggregation inhibitors (ATC B01AC), vitamin K antagonists/
Xa factor inhibitors (ATC B01AA, B01AE, B01AF), analge-
sics (ATC N02), anticonvulsants (ATC N03), antipsychotics/
anxiolytics (ATC N05A, N05B), and proton pump inhibitors
(ATC A02BA).

Medication use and adherence

Both osteoporosis treatment alone or in combination with
calcium/vitamin D use were analyzed.

Adherence to treatment was analyzed from the first
prescription until the end of follow-up, death or hospital
discharge after re-fracture (whichever came first) by medi-
cation possession ratio (MPR), calculated as the ratio
between the number of days of medication supplied from
filled prescriptions and the number of days the patients were
followed-up. For each drug, the Defined Daily Dose was
considered (Supplementary material). Patients were con-
sidered adherent for MPR ≥ 80%, whereas they were con-
sidered partially adherent for MPR= 40–79% and non-
adherent for MPR < 40%.

Outcome definitions

Incident re-fracture (vertebral, femoral, radius or ulna) in
primary discharge diagnosis field and all-cause mortality
were assessed during the follow-up period. For re-fracture,
we considered vertebral forms with and without spinal cord
injury (ICD-9-CM codes 805, 806), radius and ulna (813)
and femur fractures (820) with concomitant replacement
procedure (79.00, 79.05, 79.10, 79.15, 79.20, 79.25, 79.30,
79.35, 79.40, 79.45, 79.50, 79.55; 81.51, 81.52).

Statistical analysis

Continuous data were summarized by mean and standard
deviation (SD) whereas categorical data were summarized
as percentage of patients. To identify which factors were
correlated with time to all-cause mortality or to incident
fractures, a multivariable proportional hazard Cox model
was assessed; covariates included age, gender, comorbid-
ities, concomitant medications, type and adherence to
osteoporotic treatment. Schoenfeld residual analysis was
performed to verify the proportional hazard assumption.
Kaplan–Meier curves were also reported and compared
using the log-rank test. p-values<0.05 were considered
statistically significant. All statistical analyses were per-
formed using STATA SE (StataCorp LP, College Station,
TX, USA), version 12.0. Data management was carried out
using Microsoft SQL Server 2012.

Results

Patient characteristics

Baseline clinical characteristics of the study population are
presented in Table 1. A cohort of 3475 patients aged ≥ 50
years with osteoporosis and fractures was selected, with a
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mean follow-up duration of 2.8 ± 1.6 years. In all, 41.5%
did not receive any specific anti-fracture treatment, whereas
the majority of patients (58.5%) were treated with
osteoporosis-related drugs. Compared to the treated cohort,
untreated patients were older (83.6 ± 8.7 vs. 78.2 ± 8.7, p <
0.001) with slightly higher prevalence of comorbid diseases
such as hypertension (75.1% vs. 71%, p= 0.008), diabetes
(18.4% vs. 13.4%, p < 0.001) and cardiovascular diseases.
Furthermore, untreated patients were less likely to have had
osteoporosis treatment prior to fragility fracture (36.8% vs.
70.4%, p < 0.001).

Patient treatment and adherence

Among treated patients, 83.6% received a combination of
osteoporosis drug plus calcium/vitamin D supplements,
whereas 16.4% received osteoporosis drugs only (Table 2);
moreover, the vast majority (83.5%) of patients receiving
calcium and vitamin D supplements were receiving vitamin
D. Women represented the majority of patients in both
groups of treated subjects and almost 95% of those were
also taking calcium/vitamin D supplements. Among the

Table 1 Baseline characteristics of osteoporosis patients with a
fracture in treatment or not with osteoporosis drugs

Untreated
cohort
(N= 1443)

Treated cohort
(N= 2032)

p-value

Age, years (mean ± SD) 83.6 ± 8.7 78.2 ± 8.7 < 0.001

Men, % 17.0 5.9 < 0.001

CCI score, %

≤1 71.7 72.2 0.704

>1 28.3 27.8

Comorbidities, %

Hypertension 75.1 71.0 0.008

Diabetes 18.4 13.4 < 0.001

Dyslipidemia 23.1 24.9 0.228

Ischemic heart failure 4.6 2.8 0.003

Cardiac arrhythmias 11.5 8.8 0.009

Heart failure 3.4 1.5 < 0.001

Stroke 6.5 3.2 < 0.001

COPD 13.4 12.3 0.321

Previous osteoporosis treatment, %

Osteoporosis drugs 36.8 70.4 < 0.001

Calcium/vitamin D 78.3 75.4 0.045

Other drugs, %

Corticosteroids for
systemic use

10.5 17.0 < 0.001

Platelet aggregation
inhibitors

40.3 34.0 < 0.001

Vitamin K antagonists/
Xa factor inhibitors

10.6 6.4 < 0.001

Analgesics 14.0 15.7 0.167

Anticonvulsants 6.3 7.5 0.181

Antipsychotics/
anxiolytics

6.7 3.2 < 0.001

PPI 48.9 52.0 0.066

Treated cohort: patients in treatment with osteoporosis drugs with or
without calcium/vitamin D

SD standard deviation, CCI Charlson Comorbidity Index, COPD
chronic obstructive pulmonary disease, PPI proton pump inhibitor

Table 2 Baseline characteristics of osteoporosis patients with a
fracture treated with osteoporosis drugs with or without calcium/
vitamin D

Treated cohort (N= 2032)

Osteoporosis
drug only
(N= 333)

Osteoporosis
drug+Ca/VitD
(N= 1699)

p-value

Age, years (mean ±
SD)

81.3 ± 8.0 77.6 ± 8.7 < 0.001

Men, % 8.4 5.4 0.034

CCI score, %

≤1 70.0 72.7 0.311

>1 30.0 27.3

Comorbidities, %

Hypertension 75.4 70.2 0.055

Diabetes 15.3 13.0 0.258

Dyslipidemia 21.6 25.5 0.136

Ischemic heart
failure

2.4 2.8 0.667

Cardiac arrhythmias 11.4 8.3 0.067

Heart failure 2.4 1.3 0.125

Stroke 4.2 3.1 0.282

COPD 12.3 12.3 0.996

Previous osteoporosis treatment, %

Osteoporosis drugs 84.4 67.7 <0.001

Calcium/vitamin D 45.3 81.3 <0.001

Other drugs, %

Corticosteroids for
systemic use

12.0 18.0 0.008

Platelet aggregation
inhibitors

36.9 33.4 0.209

Vitamin K
antagonists/ Xa
factor inhibitors

9.0 5.9 0.033

Analgesics 12.0 16.4 0.043

Anticonvulsants 7.5 7.5 0.984

Antipsychotics/
anxiolytics

4.5 3.0 0.157

PPI 48.9 52.6 0.220

SD standard deviation, CCI Charlson Comorbidity Index, COPD
chronic obstructive pulmonary disease, PPI proton pump inhibitor
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small proportion of male patients, a significant difference
between the proportion receiving osteoporosis drugs com-
pared to those receiving calcium and vitamin D supple-
ments was observed (8.4% vs. 5.4%, p= 0.034). Patients
combining anti-fracture drugs and calcium/vitamin D were
more frequently on treatment with corticosteroids (18% vs.
12%, p= 0.008) and analgesics (16.4% vs. 12%, p=
0.043), whereas they were less frequently exposed to vita-
min K antagonists/Xa factor inhibitors (5.9% vs. 9%, p=
0.033).

Adherence to treatment was analyzed in the treated
cohort during follow-up (Fig. 1). Half of patients receiving
osteoporosis drugs only were non-adherent (MPR < 40%),
with this proportion being lower (31.9%) in the combination
group (p < 0.001). The percentage of adherent patients
(MPR ≥ 80%) was higher in those receiving calcium/vita-
min D supplementation in addition to osteoporosis drug
compared to osteoporosis drug only-treated subjects (48.0%
vs. 29.7% respectively, p < 0.001).

Effect of calcium/vitamin D supplementation on re-
fracture

During the follow-up period, 127 patients (6.1%) in the
treated cohort and 108 (7.5%) in the untreated cohort were
hospitalized for an incident re-fracture. The incidence rate/
1000-person years was 41.2 in the untreated cohort, 48.8 in
the osteoporosis drug only group and 15.1 in the group
combining also calcium/vitamin D supplementation. Among
the total study population with a re-fracture event, in 60.6%
of cases a femur fracture was registered, with vertebral
fractures and radius/ulna representing 25.2% and 14.2% of
cases, respectively. During the study period, Kaplan–Meier
analysis showed an increased probability of re-fracture in the
untreated group compared to the treated group (Fig. 2a) and
an increased probability of re-fracture in the osteoporosis
drug only group compared to patients also combining cal-
cium/vitamin D (Fig. 2b). The complete proportional hazard

Cox models for time to re-fracture are presented in Table
3A, B. Patients receiving osteoporosis-related drugs after a
fracture had 44.4% lower risk of developing a subsequent
fracture compared to untreated patients (HR= 0.556, 95%
CI= 0.420–0.735, p < 0.001); moreover, among treated

Fig. 1 Adherence to
osteoporosis treatment during
follow-up. Data are presented as
%

Fig. 2 KaplanMeier survival curves showing incidence of re-fracture
events during follow-up among osteoporosis patients with a fracture. a
Patients treated vs. not treated with osteoporosis drugs; b Patients
treated with osteoporosis drug only vs. treated with osteoporosis drug
with calcium/vitamin D supplement

Endocrine (2019) 64:367–377 371



patients, calcium/vitamin D supplement in addition to
osteoporosis drug after a fracture was associated with a
64.4% lower risk of developing a subsequent fracture
compared to the group receiving osteoporosis drug only
(HR= 0.356, 95% CI= 0.237–0.533, p < 0.001). Optimal
adherence to osteoporosis medication (osteoporosis drugs
with or without calcium/vitamin D supplement) was asso-
ciated with a 77.2% lower risk of subsequent fractures (HR
= 0.228, 95% CI= 0.139–0.376, p < 0.001). Patients with
cardiac arrhythmias had a threefold higher risk of develop-
ing a subsequent re-fracture during follow-up (HR= 2.657,
95% CI= 1.563–4.518, p < 0.001) and the risk in patients
treated with antiplatelet drugs was two-fold higher (HR=
1.631, 95% CI= 1.080–2.463, p= 0.020). Interestingly,
patients with dyslipidemia were at a significantly lower risk
of new incident fractures (Table 3A).

Effect of calcium/vitamin D supplementation on
mortality

All-cause mortality was also analyzed during the follow-up
period. In all, 41.5% (N= 599) of untreated patients and
15.5% (N= 314) of treated patients died, 91 (27.3%) of the
osteoporosis drug only-treated patients and 233 (13.7%) in
the group of osteoporosis drug combined with calcium/
vitamin D supplement. The incidence rate/1000-person years

Table 3 Cox proportional hazard model for time to re-fracture

A. Patients treated vs. not treated with osteoporosis drugs

HR 95% CI p-value

Age 0.996 0.981 1.012 0.654

Gender (male) 0.539 0.311 0.933 0.027

Presence of treatment

Untreated Reference

Treated 0.556 0.420 0.735 < 0.001

CCI index

≤1 Reference

>1 0.751 0.529 1.066 0.109

Comorbidities

Hypertension 0.880 0.639 1.211 0.432

Diabetes 1.367 0.937 1.993 0.105

Dyslipidemia 0.718 0.513 1.005 0.054

Ischemic heart disease 1.114 0.545 2.274 0.768

Cardiac arrhythmias 1.493 0.980 2.277 0.062

Heart failure 0.792 0.306 2.052 0.631

Stroke 1.484 0.848 2.600 0.167

COPD 1.101 0.746 1.627 0.627

Medication

Corticosteroids for systemic
use

0.801 0.527 1.219 0.301

Antiplatelet drugs 1.186 0.872 1.613 0.276

Vit K antagonists/Xa factor
inhib.

1.516 0.956 2.404 0.077

Analgesics 1.667 1.194 2.328 0.003

Anticonvulsants 1.139 0.704 1.842 0.595

Antipsychotics 0.969 0.524 1.792 0.919

PPI 1.015 0.764 1.348 0.919

B. Patients treated with osteoporosis drug only vs. treated with
osteoporosis drug with calcium/vitamin D supplement

HR 95% CI p-value

Age 1.010 0.987 1.033 0.403

Gender (male) 0.483 0.194 1.201 0.117

CCI > 1 0.609 0.378 0.982 0.042

Type of treatment

Osteoporosis drug only Reference

Osteoporosis drug+ Ca/VitD 0.356 0.237 0.533 < 0.001

Medication possession ratio

<40% Reference

40–79% 0.596 0.380 0.933 0.024

≥80% 0.228 0.139 0.376 < 0.001

Comorbidities

Hypertension 0.887 0.572 1.376 0.593

Diabetes 1.475 0.863 2.522 0.155

Dyslipidemia 0.513 0.310 0.851 0.010

Ischemic heart disease 0.656 0.197 2.180 0.491

Table 3 (continued)

B. Patients treated with osteoporosis drug only vs. treated with
osteoporosis drug with calcium/vitamin D supplement

HR 95% CI p-value

Cardiac arrhythmias 2.657 1.563 4.518 0.000

Heart failure 0.756 0.177 3.234 0.706

Stroke 1.784 0.814 3.909 0.148

COPD 0.756 0.424 1.346 0.342

Medications

Corticosteroids for systemic
use

0.751 0.437 1.292 0.301

Antiplatelet drugs 1.631 1.080 2.463 0.020

Vit K antagonists/Xa factor
inhib.

1.638 0.866 3.097 0.129

Analgesics 1.582 0.994 2.517 0.053

Anticonvulsants 0.909 0.441 1.873 0.796

Antipsychotics 1.430 0.618 3.307 0.403

PPI 1.058 0.719 1.559 0.774

Previous osteoporosis treatment

Osteoporosis drug 1.146 0.759 1.731 0.516

Calcium/vitamin D 1.585 1.014 2.477 0.043

Treated cohort: patients in treatment with osteoporosis drugs with or
without calcium/vitamin D

CCI Charlson Comorbidity Index, COPD chronic obstructive
pulmonary disease, PPI proton pump inhibitor
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was 209.3 in the untreated group and 46.9 in the treated
group (101.7 in the osteoporosis drug only group and 38.9 in
the group with calcium/vitamin D supplement). Figure 3a
presents the Kaplan–Meier analysis on the incidence of all-
cause mortality in subjects treated with osteoporosis drug
compared to untreated subjects. Patients receiving anti-
fractures treatment had a 64% lower risk of death over the
study period compared to untreated treated patients (HR=
0.360, 95% CI= 0.310-0.418, p < 0.001, Table 4A). The
Kaplan–Meier analysis on the incidence of all-cause mor-
tality among subjects treated with osteoporosis drug only
compared with the combination group is presented in Fig.
3b. As shown, the latter was associated with a twofold lower
risk of death over the study period (p < 0.001, Table 4B).

Discussion

In the present investigation, a cohort of patients aged 50
years and older with osteoporosis and a fracture were

Fig. 3 KaplanMeier survival curves showing incidence of all-cause
mortality during follow-up among osteoporosis patients with a frac-
ture. a Patients treated vs. not treated with osteoporosis drugs; b
Patients treated with osteoporosis drug only vs. treated with osteo-
porosis drug with calcium/vitamin D supplement

Table 4 Cox proportional hazard model for time to all-cause mortality

A. Patients treated vs. not treated with osteoporosis drugs

HR 95% CI p-value

Age 1.084 1.073 1.095 < 0.001

Gender (male) 1.673 1.395 2.008 < 0.001

Presence of treatment

Untreated Reference

Treated 0.360 0.310 0.418 < 0.001

CCI index

≤1 Reference

>1 0.931 0.787 1.101 0.403

Comorbidities

Hypertension 1.037 0.870 1.235 0.687

Diabetes 1.398 1.162 1.682 < 0.001

Dyslipidemia 0.840 0.709 0.997 0.045

Ischemic heart disease 1.409 1.058 1.877 0.019

Cardiac arrhythmias 0.977 0.789 1.209 0.828

Heart failure 1.829 1.321 2.533 < 0.001

Stroke 1.367 1.058 1.766 0.017

COPD 1.077 0.891 1.300 0.444

Medications

Corticosteroids for systemic
use

1.253 1.039 1.511 0.018

Antiplatelet drugs 1.134 0.976 1.317 0.101

Vit K antagonists/Xa factor
inhib.

1.558 1.252 1.939 0.000

Analgesics 1.249 1.047 1.490 0.013

Anticonvulsants 1.047 0.811 1.350 0.726

Antipsychotics 1.434 1.112 1.851 0.006

PPI 1.088 0.941 1.257 0.255

B. Patients treated with osteoporosis drug only vs. treated with
osteoporosis drug with calcium/vitamin D supplement

HR 95% CI p-value

Age 1.116 1.096 1.136 < 0.001

Gender (male) 1.790 1.205 2.661 0.004

CCI > 1 0.962 0.723 1.282 0.794

Type of treatment

Osteoporosis drug only Reference

Osteoporosis drug+ Ca/VitD 0.471 0.356 0.623 < 0.001

Medication possession ratio

<40% Reference

40–79% 1.521 1.114 2.076 0.008

≥80% 1.634 1.256 2.126 < 0.001

Comorbidities

Hypertension 1.136 0.828 1.560 0.428

Diabetes 1.295 0.925 1.814 0.132

Dyslipidemia 0.842 0.636 1.115 0.231

Ischemic heart disease 1.500 0.878 2.562 0.138
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retrospectively analyzed to assess their baseline character-
istics, treatment prescription and adherence to treatment in
relation to new incident fractures and all-cause mortality,
over a mean follow-up period of 3 years. Corroborating
previous reports [10, 12], the majority of our cohort was
represented by elderly women. This confirms that the issue
of fragility fracture incidence is widely underestimated in
men, even when they are at very high fracture risk (i.e., after
a previous osteoporotic fracture).

Of the 3475 fractured patients we included, two out of
five were not receiving osteoporosis medication. This is in
line with other retrospective studies, carried out on patients
with prevalent osteoporotic fractures, then followed to
assess treatment prescription attitude and effects [8, 9].
From our data, it is impossible to address the question if
untreated patients had clinical characteristics that convinced
their referral physicians not to treat them for the prevention
of further fractures in spite of their very high risk of incident
events [10, 19, 26]. However, this does not seem to be the
case. Untreated patients were more likely to have comorbid
conditions but they did not differ from treated according to
the Charlson Comorbidity Index, a score which may be
predictive of future mortality [25]. Rather, the absence of a
drug prescription in these patients may reflect the well-
known underestimation of the risk of fracture recurrence

and its consequences in the elderly [8, 9]. In our study, this
seems to be also confirmed by the lower percentage of
osteoporosis drug prescription before the index date in
patients who then remained untreated even after the first
fracture.

The vast majority (83.6%) of patients receiving a treat-
ment for the prevention of incident fracture were also taking
the supplementation of calcium/vitamin D. This result is
consistent with the Italian Medicines Agency guideline for
the treatment of osteoporosis patients at risk of fragility
fractures or subsequent fractures [24], in which supple-
mentation with calcium/vitamin D is recommended when
initiating treatment with drugs for osteoporosis. This
recommendation is in line with the demonstration that in
virtually all randomized clinical trials carried out to
demonstrate the anti-fracture effects of osteoporosis medi-
cations, calcium, and vitamin D were also associated [15–
18]. The importance of prescribing vitamin D supplements
together with anti-fracture drugs has also been highlighted
in clinical practice [20, 21]. Indeed, in postmenopausal
women treated with osteoporosis drugs in association with
vitamin D supplements, a larger increase in bone density
and a more pronounced decrease in fracture risk compared
to patients taking osteoporosis drug only was observed [22].

In the present study, adherence to osteoporosis drugs was
generally poor. This is not surprising and confirms previous
reports [10–12, 27]. Interestingly, the percentage of patients
with optimal adherence (MPR ≥ 80%) was higher in sub-
jects associating calcium/vitamin D supplements with
osteoporosis medication compared to those using osteo-
porosis drugs only. We cannot provide a clear explanation
for this. However, patients combining anti-fracture treat-
ment with calcium/vitamin D showed a more frequent use
of corticosteroids. The elevation in fracture risk associated
with glucocorticoid use is well established [28–30]. Glu-
cocorticoid therapy is known to decrease bone formation,
due to a number of effects on both osteoblasts and osteo-
cytes and on the modulation of GH secretion [30]. These
effects lead to a consequent increased risk of hip and ver-
tebral fractures, and this risk is even higher when gluco-
corticoid dose is increased [31]. Among patients undergoing
glucocorticoid therapy, postmenopausal women and elderly
males were identified as having the highest risk of fractures
[31]. In addition to these considerations, patients treated
with glucocorticoids for more than 3 months at a dose of ≥
5 mg/day are considered at high risk of fractures by the
Italian Medicines Agency and were included in the National
plan for risk fracture prevention [24]. For the above-
mentioned reasons, it is likely that an increased motivation
towards a more proper treatment has been felt by drug users
and/or prescribers. Similarly, the proportion of patients
consuming analgesics was higher in the combination group.
Thus, the possible presence of more significant pain may

Table 4 (continued)

B. Patients treated with osteoporosis drug only vs. treated with
osteoporosis drug with calcium/vitamin D supplement

HR 95% CI p-value

Cardiac arrhythmias 1.013 0.699 1.468 0.945

Heart failure 1.502 0.746 3.026 0.255

Stroke 0.937 0.563 1.559 0.801

COPD 1.153 0.838 1.588 0.382

Medications

Corticosteroids for systemic
use

1.215 0.906 1.631 0.194

Antiplatelet drugs 1.141 0.887 1.466 0.304

Vit K antagonists/Xa factor
inhib.

1.528 1.026 2.275 0.037

Analgesics 1.221 0.910 1.638 0.184

Anticonvulsants 1.114 0.747 1.660 0.596

Antipsychotics 1.794 1.090 2.954 0.022

PPI 1.101 0.858 1.412 0.449

Previous osteoporosis treatment

Osteoporosis drug 1.173 0.883 1.558 0.270

Calcium/vitamin D 1.217 0.923 1.605 0.163

Treated cohort: patients in treatment with osteoporosis drugs with or
without calcium/vitamin D

CCI Charlson Comorbidity Index, COPD chronic obstructive
pulmonary disease, PPI proton pump inhibitor
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have constituted a further motivation to better adhere to the
treatment assigned.

Adherence to osteoporosis treatment has already been
identified as a key factor for the prevention of new fractures
as well as of subsequent fractures [10] in osteoporotic
patients. Our results further confirm this trend. However,
our 77% lower risk of subsequent fractures in optimally
adherent patients (MPR ≥ 80%) is clearly much higher than
that reported in other studies, in which, in general, MPR ≥
80% was associated with 15–40% decrease of fracture risk
[10–12, 25]. Some possible explanations may be proposed.
Firstly, we compared subjects with MPR ≥ 80% toward
those with MPR < 40%, whereas in most of the studies
previously published an MPR ≥ 80% was compared to an
MPR < 80%. Consequently, they may also have included all
patients with an MPR ranging between 79 to 40%, which
still cannot be considered a very poor adherence. In line
with this, our patients with an MPR of 40–79% had a lesser
evident decrease in fracture risk when compared to those
with an adherence of <40%. Secondly, our follow-up period
was almost three-fold longer than that of most studies
already published on this topic and this may have con-
tributed to the favorable results that we observed. Finally,
none of the above-mentioned studies have attempted to
distinguish patients based on the presence or absence of the
association with calcium/vitamin D supply and it is possible
that an optimal adherence also to these supplements may
positively influence fracture risk still further.

Osteoporosis drug use after a fracture among osteo-
porosis patients has been previously shown to reduce the
risk of mortality [32, 33]. This is of considerable interest as
the presence of a fracture in this population increased the
risk of mortality [34]. In this study, we show that not only
treatment with osteoporosis drug after a fracture reduced the
risk of mortality in a cohort of osteoporosis patients, but
also that mortality rates are even lower among treated
patients receiving supplementation with calcium/vitamin D.

This study does have some limitations. Firstly, we ana-
lyzed the administrative databases of five Italian Local
Health Units, well distributed across the Italian territory and
representing a population of 3.3 million health-assisted
inhabitants. However, we think that our data cannot be
generalized fully to the entire National population, con-
sisting of approximately 60 million people and further
studies on a wider sample of patients are clearly needed.
Secondly, medication possession ratio was calculated
throughout the study period, based on data provided by an
outpatient database. This means that we certainly missed
drug prescription and consumption during periods in which
patients were in an institutionalized care setting, such as
hospital stay. However, it is unlikely that this may have
affected our results. More importantly, data on the use of
pharmacological treatments were retrieved from medical

prescription and dispensing, so that the actual drug use was
not available. Lastly, the number of vertebral fractures may
have been underestimated since it was calculated only on
the basis of diagnosis codes at hospital discharge [35, 36].

Conclusions

In our cohort of osteoporosis patients with a recent fracture,
we observed poor adherence to national guidelines on
osteoporosis treatment and a consistent proportion of
patients did not receive any osteoporosis drug. However,
among those treated, the vast majority only received the
supplement of calcium/vitamin D. Independent of the type
of treatment received, there was suboptimal adherence.
However, greater adherence was observed in patients
receiving both supplement and osteoporotic treatment. The
group of patients receiving calcium/vitamin D supply in
addition to osteoporosis drugs had a lower risk of both
subsequent fracture and all-cause mortality during the 3-
year follow-up; moreover, adherence to osteoporosis med-
ication decreased the risk of subsequent fractures. The
efficacy of the combination of osteoporosis drug with cal-
cium/vitamin D supplement in the real-life setting should
further stress the opportunity of increasing this treatment in
patients with osteoporosis after a recent fracture.
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