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Abstract 

Background Osteoporosis is a chronic condition characterized by increased fracture risk. Fragility fractures, espe-
cially hip fractures, represent a significant health and economic burden due to population aging. Despite the efficacy 
of approved treatments in lowering fracture recurrence, post-fracture treatment rates remain suboptimal. To address 
these issues, various post-fracture care programs, including Fracture Liaison Services (FLS), have been implemented 
worldwide. While FLS models effectively reduce refracture risk and maintain cost-effectiveness, it is unclear if these 
benefits apply equally to all patients, especially those with higher comorbidities and reduced functional capacity, who 
may face worse prognoses. This study aimed to identify the primary factors influencing anti-fracture therapy decisions 
in older patients with fragility fractures, using a multidimensional geriatric assessment approach integrated into our 
FLS program.

Methods A retrospective analysis was conducted on patients aged 65 and above with hip fractures admitted 
to Azienda Ospedale-Università Padova. Patients were categorized based on anti-fracture treatment (bisphospho-
nates, Denosumab, anabolic agents) or calcium/vitamin D supplements only. Clinical data, including the Multidi-
mensional Prognostic Index (MPI) and its components, were collected. Statistical comparisons between treated 
and untreated groups were made, and a CHAID decision tree was used to explore decision-influencing factors.

Results The study included 493 patients (average age 84.7 years, 71.8% female). Patients receiving anti-fracture 
treatment were notably younger, with only 11.2% classified as MPI class 3 (severe prognosis) compared to 60.8% 
of untreated patients (p < 0.001). Among treated patients (n = 427), 75.3% received bisphosphonates, 7.3% Deno-
sumab, and 2.2% anabolic agents. The CHAID decision tree highlighted MPI class as the primary determinant 
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Introduction
Osteoporosis is a chronic disease characterized by low 
bone density, altered bone microarchitecture, and thus 
increased risk of fragility fractures (FF) [1]. The incidence 
of FF in European countries is expected to increase in the 
coming decades due to the progressive aging of the popu-
lation. Particularly, in Italy hip fractures among women 
are projected to increase from 82,060 to 98,539, result-
ing in a 27% rise in associated economic costs [2]. Hip 
fractures are indeed the most severe type of FF because 
they lead to significant disability, increased hospitaliza-
tion expenses, and elevated mortality rates [3]. Moreover, 
even ten years after a first hip fracture, the increased risk 
of a second hip fracture persists [4], and this occurrence 
may further increase mortality [5].

It is well established that approved treatments for 
osteoporosis are effective in reducing the incidence 
of subsequent fractures at various sites, with a favora-
ble risk–benefit profile [6]. But despite these premises, 
the rate of anti-fracture treatment initiation after a hip 
fracture is still inadequate [7]. To address these issues, 
various post-fracture care (PFC) programs, including 
Fracture Liaison Services (FLS), have been implemented 
worldwide [8]. In 2023, we established an interdiscipli-
nary FLS model called Hip-POS (Hip-Padua OsteoSar-
copenia) at the Azienda Ospedale-Università Padova in 
Italy, as previously described [9]. In addition to the evalu-
ation of traditional fracture risk factors, a key advantage 
of our model is the integration of a multidimensional 
assessment, which provides a more comprehensive 
characterization of patients’ comorbidities and func-
tional autonomy across multiple domains, particularly 
in older adults. While many FLS models have demon-
strated effectiveness in reducing refracture risk [10] and 
maintaining a positive cost-effectiveness balance [11], it 
remains unclear whether these benefits extend uniformly 
to all patients, especially those with higher comorbid-
ity and poorer functional ability who may have a worse 
prognosis. This uncertainty highlights the need for a 
more nuanced approach to patient care and treatment 
decisions within the FLS framework.

In this context, the aim of our study is to analyze 
the key factors influencing the decision to administer 

anti-fracture therapy in older patients, with a particular 
focus on the components of the multidimensional geri-
atric assessment. By examining these factors, we aim to 
gain a deeper understanding of how the comprehen-
sive evaluation offered by our Hip-POS model could be 
involved in the treatment decision process.

Materials and methods
Study population
We conducted a retrospective study on patients aged 
65 years and older, admitted with hip fractures at the 
Azienda Ospedale-Università Padova (Italy) within 
our Hip-POS FLS program. The complete organiza-
tion of Hip-POS was previously described [9]. Briefly, 
we included only patients with fragility hip fractures 
assessed from March 2023 to March 2024, excluding 
those with traumatic or pathological fractures (i.e., pri-
mary or secondary bone tumors, Paget’s bone disease).

Clinical data collection
From all computerized medical records, we assessed dur-
ing hospital admission:

• Demographic and anthropometric characteristics.
• Risk factors for skeletal fragility (e.g., previous fragility 

fractures, family history of fractures, smoking habit, 
glucocorticoid use) and calculation of the FRAX 
score [12]. Additionally, we collected data on previ-
ous anti-fracture treatment use.

• Laboratory Tests: These tests were conducted at the 
Laboratory Medicine Unit of the Azienda Ospedale-
Università Padova, utilizing methods monitored 
for quality performance in accordance with the ISO 
15189 standard. Lithium-heparin plasma samples 
were collected for calcium and phosphate measure-
ments using a colorimetric method, and for creati-
nine via an enzymatic assay (calibrated to the refer-
ence procedure). Albumin was measured using an 
immunoturbidimetric method on the Cobas 8000 
(Roche Diagnostics, Mannheim, Germany). Serum 
25-OH-vitamin D and parathyroid hormone (PTH, 
third generation assay, reference range 6.5–36.8 
ng/L) levels were measured using automated immu-

of treatment, with functional autonomy (Instrumental Activity of Daily Living or IADL) and cognitive status as subse-
quent factors, leading to an overall prediction accuracy of 70%.

Conclusion The integration of the MPI into multidisciplinary taking care of old patients with hip fractures may pro-
vide a structured approach for individualizing treatment decisions, considering aspects such as prognosis, functional 
autonomy, and cognitive status. Further studies are needed to validate the long-term outcomes of this approach.

Keywords Multidimensional prognostic index, Comprehensive geriatric assessment, Fragility hip fractures, Fracture 
liaison service
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nochemiluminescent methods (Liaison XL, DiaSorin, 
Saluggia, Italy).

• Multidimensional Prognostic Index (MPI): The MPI 
is a prognostic index for one-year mortality, calcu-
lated using information from the following scales 
(referred to the immediate period before the frac-
ture): the Cumulative Illness Rating Scale (CIRS) 
for comorbidities [13], the Activities of Daily Living 
(ADL) [14] and Instrumental Activities of Daily Liv-
ing (IADL) [15] for functional autonomy, the Mini 
Nutritional Assessment (MNA) [16] for nutritional 
status, the Short Portable Mental Status Question-
naire (SPMSQ) [17] for cognitive performance, and 
the Exton Smith scale (ESS) [18] for pressure sore 
risk. Additionally, data on the patient’s medication 
regimen and cohabitation status were collected. The 
MPI score categorizes into three risk classes: class 1 
(mild risk), class 2 (moderate risk), and class 3 (severe 
risk). MPI was performed by a geriatrician.

• Anti-fracture treatment and/or calcium/vitamin 
D prescription: the therapy decision was clinically 
based on osteoporosis treatment guidelines and Ital-
ian prescribing regulations, as described elsewhere 
[9], considering factors such as previous fractures, 
hip fracture despite established anti-fracture treat-
ment, or estimated 10-year fracture risk. Moreover, 
the patient’s condition and comorbidities were taken 
into account, as well as the patient’s preferences.

Statistical analysis
Categorical variables are presented as counts and per-
centages, while continuous quantitative variables are 
expressed as mean ± standard deviation or median (inter-
quartile range). The normal distribution of continuous 
variables was assessed using the Shapiro–Wilk test. The 
sample was divided into two groups based on the pre-
scription of anti-fracture therapy, following osteoporo-
sis guidelines [19] and Italian prescribing regulations 
[20]. Patients were categorized as either “treated” (those 
prescribed bisphosphonates, Denosumab, or anabolic 
drugs such as teriparatide and romosozumab after the 
FLS evaluation) or “untreated” (those not undergoing any 
anti-fracture therapy, only recommended calcium and/or 
vitamin D supplements). To compare variables between 
groups, quantitative variables were analyzed using the 
Mann–Whitney and Kruskal–Wallis tests, while cate-
gorical variables were assessed using the Chi-square test. 
A decision tree was built using a chi-squared automatic 
interaction detection (CHAID) algorithm to identify fac-
tors of geriatric multidimensional evaluation influencing 
treatment choices [21]. Variables with a p value < 0.10 
in multivariate logistic regression were included in the 

CHAID analysis. The decision tree, a non-parametric 
procedure, required no assumptions about the underly-
ing data. We set the maximum number of splits to four, 
the minimum number of cases in the parent node to 50, 
and the minimum number of cases in the child node to 
20 to preserve statistical power. Node splitting was con-
sidered significant with a p value < 0.05 using Bonferro-
ni’s correction. As the proportion of missing data for each 
variable was insignificant, multiple imputations were not 
used. The final model was evaluated by calculating the 
misclassification risk estimate and overall accuracy per-
centage. A tenfold cross-validation was conducted to 
confirm the misclassification risk for the sample. Mis-
classification risk refers to the incorrect classification of 
a patient; this risk is estimated by applying the tree to an 
excluded subsample. Among untreated patients, a clus-
ter analysis was performed using the k-means method 
to identify homogeneous groups. Optimal k values were 
determined using the inertia criterion and the elbow 
method. Variables used included individual items from 
the MPI. The analysis revealed two main clusters, vali-
dated by calculating the silhouette score, which indicated 
good separation between clusters. All analyses were per-
formed using the Statistical Package for Social Science 
(SPSS) 29.0 software (Armonk, NY: IBM Corp) with the 
significance level set at p < 0.05.

Results
The sample characteristics are detailed in Table  1. We 
included 493 patients, with an average age of 84.7 years 
(± 7.4), and 71.8% of the patients being female. The most 
common comorbidities observed in the entire popula-
tion were arterial hypertension (30.0%), diabetes mel-
litus (17.8%), ischemic heart disease (11.6%), heart 
failure (11.8%), chronic obstructive pulmonary disease 
(COPD) (8.9%), and gastrointestinal disorders (10.1%). 
The median number of medications taken by patients 
was 5.00 (IQR: 3.00–7.00), highlighting a considerable 
prevalence of polypharmacy. Regarding cohabitation sta-
tus, most patients lived with their family (63.0%), while 
32.6% lived alone and a smaller proportion (4.4%) resided 
in nursing homes. Stratification by MPI classified 38.9% 
of patients in class 1 (low risk), 43.2% in class 2 (moder-
ate risk), and 17.8% in class 3 (high risk), indicating a sig-
nificant proportion of patients with moderate to severe 
frailty. Regarding fracture risk, 108 patients (21.9%) had 
previously experienced a hip or vertebral fracture, while 
the 10-year probability of major osteoporotic fractures, 
calculated with the FRAX score, was 22.00 (14.00;31.50). 
Despite high fracture risk, before the index hip fracture, 
only 188 patients (38.1%) were taking calcium and/or 
vitamin D supplements, while 41 patients (8.3%) were 
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receiving or had previously received any anti-fracture 
treatment.

Following the assessment conducted within our FLS 
program, 427 patients (86.6%) initiated anti-fracture 
treatment either during hospitalization or in the follow-
ing weeks. We therefore categorized the patients into 
those who initiated and those who did not initiate anti-
fracture treatment (Table 1). Those in the former group 
were notably younger and lived more frequently alone. 
Additionally, they performed better across almost all 
multidimensional geriatric assessment tests. Regarding 
the MPI, only 11.2% of the treated patients were classified 
as MPI class 3 (indicating a severe prognosis within one 
year), compared to 60.8% of the untreated patients (p < 
0.001).

No significant differences were found between treated 
and untreated patients regarding osteoporosis risk fac-
tors or the prescription of anti-fracture therapy prior to 
the index fracture (Table  2). Regarding laboratory tests 

performed during hospitalization, untreated patients had 
lower serum levels of vitamin D [31.0 (17.0;57.0) vs. 48.0 
(22.5;72.5), p < 0.001].

Among the patients who received anti-fracture treat-
ment (n = 427), 371 were treated with bisphosphonates 
(94.3% of whom received intravenous zoledronic acid), 
while denosumab was prescribed to 36 patients and ana-
bolic agents to 11 patients. The remaining 9 received 
combination therapy. Figure  1 illustrates the distribu-
tion of anti-fracture therapy across different MPI classes. 
Among individuals in MPI class 1, 82.2% were treated 
with bisphosphonates, 15.1% received denosumab or 
anabolic therapies, and 2.7% did not receive any therapy. 
In contrast, 45.5% of patients in MPI class 3 received no 
treatment, while 52.3% were prescribed bisphosphonates 
and 2.3% received denosumab or anabolic therapies.

The CHAID decision tree (Fig.  2) illustrates the fac-
tors that retrospectively influenced the clinical decision 
to initiate treatment, based on multidimensional geriatric 

Table 1 Characteristics of the sample based on prescription of anti-fracture treatment

Numbers are presented as mean ± standard deviation, median (interquartile range) or number (percentage), as appropriate

Abbreviations: SPMSQ Short Portable Mental Status Questionnaire, ESS Exton Smith Scale, ADL Activities of Daily Living, IADL Instrumental Activities of Daily Living, 
CIRS Cumulative Illness Rating Scale, MNA Mini Nutritional Assessment, MPI Multidimensional Prognostic Index, COPD Chronic Obstructive Pulmonary Disease

Variable All (n = 493) Treated (n = 427) Not treated (n = 66) p-value

Age [years] 84.7 ± 7.4 84.0 ± 7.4 89.3 ± 6.0  < 0.001

Sex, female [%] 354 (71.8%) 304 (71.2%) 50 (75.8%) 0.55

Cohabitative status [%] 0.02

 Alone 141 (32.6%) 128 (34%) 13 (23.6%)

 With Family 272 (63.0%) 236 (62.6%) 36 (65.5%)

 Nursing homes 19 (4.4%) 13 (3.4%) 6 (10.9%)

Active smokers [%] 35 (7.1%) 33 (7.7%) 2 (3.0%) 0.14

Comprehensive Geriatric Assessment

 SPMSQ 2.00 (0.00;6.00) 2.00 (0.00;5.00) 8.00 (4.00;10.00)  < 0.001

 ESS 16.00 (14.00;19.00) 17.00 (15.00;19.00) 12.00 (10.00;15.00)  < 0.001

 ADL 5.00 (3.00;6.00) 5.00 (4.00;6.00) 1.00 (0.00;3.00)  < 0.001

 IADL 4.00 (0.00;7.00) 4.00 (1.00;7.00) 0.00 (0.00;1.00)  < 0.001

 CIRS 3.00 (2.00;5.00) 3.00 (2.00;5.00) 4.00 (3.00;6.00) 0.08

 MNA 21.00 (17.00;24.50) 22.50 (17.63;25.00) 16.00 (10.00;18.25)  < 0.001

MPI classes [%]  < 0.001

 1 192 (38.9%) 187 (43.8%) 5 (7.6%)

 2 213 (43.2%) 192 (45%) 21 (31.8%)

 3 88 (17.8%) 48 (11.2%) 40 (60.8%)

Total n.drugs 5.00 (3.00;7.00) 5.00 (3.00;7.00) 4.00 (3.00;7.00)  < 0.001

Main comorbidities

 Hypertension 345 (30%) 129 (30.2%) 47 (71.2%) 0.88

 Heart failure 58 (11.8%) 43 (10.1%) 15 (22.7%) 0.006

 Ischemic heart disease 57 (11.6%) 45 (10.5%) 12 (18.2%) 0.09

 COPD 44 (8.9%) 37 (8.7%) 7 (10.6%) 0.64

 Diabetes 88 (17.8%) 79 (18.5%) 9 (13.6%) 0.39

 Rheumatic disease 25 (5.1%) 18 (4.2%) 7 (10.6%) 0.06

 GERD/malabsorbitive disorders 50 (10.1%) 41 (9.6%) 9 (13.6%) 0.38
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evaluation items. The primary decision was based on 
MPI values. Among patients in MPI class 1, 82.2% were 
treated with bisphosphonates, while 15.1% received other 
treatments, including denosumab or anabolic agents. In 
contrast, only 2.3% of patients in MPI class 3 received 

denosumab or anabolic medications, with 45.5% receiv-
ing only vitamin D and calcium supplementation. For 
those with MPI class 2, the next criterion was func-
tional ability, assessed by IADL scores. Among patients 
with IADL > 1, 12.6% received denosumab or anabolic 

Table 2 Comparative analysis of treated and untreated patient cohorts, considering anamnesis of osteoporosis risk factors and 
calcium-phosphate metabolism

Numbers are presented as mean ± standard deviation, median (interquartile range) or number (percentage), as appropriate

Abbreviations: MPI Multidimensional Prognostic Index, PTH Parathyroid hormone

Variable Treated (n = 427) Not treated (n = 66) p-value

Osteoporosis risk factors [%]

 Family history of osteoporosis 77 (18%) 7 (10.6%) 0.16

 Early menopause 34 (11.2%) 2 (4.0%) 0.14

 Previous major fractures (hip/vertebral) 95 (22.2%) 13 (19.7%) 0.72

 Glucocorticoid therapy 10 (2.3%) 2 (3.0%) 0.67

Previous osteoporosis therapy

 Vitamin D/calcium supplementation 170 (39.8%) 18 (27.3%) 0.06

 Bisphosphonates 36 (8.4%) 2 (3.0%) 0.40

 Denosumab or Teriparatide 3 (0.7%) 0 0.60

Calcium-phosphate metabolism

 Calcium [mg/dL] 8.7 (8.3;9.0) 8.5 (8.2;8.8) 0.09

 Phosphate [mg/dL] 2.9 ± 0.8 3.0 ± 0.84 0.33

 PTH [ng/L] 35.8 (26.4;49.7) 40.3 (27.8;53.7) 0.08

 Vitamin D [nmol/L] 48.0 (22.5;72.5) 31.0 (17.0;57.0) 0.01

 Albumin [g/L] 28.0 (26.0;31.0) 27.5 (25.0;30.0) 0.11

 Creatinine [mg/dL] 0.78 (0.62;0.97) 0.83 (0.65;1.37) 0.01

Fig. 1 Treatment Distribution by MPI Class. MPI: Multidimensional Prognostic Index
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treatment compared to only 1.9% of those with IADL 
= 0. For patients with MPI class 3, cognitive function 
was the next factor considered. Approximately 27.3% of 
patients with intact or mild cognitive impairment did not 
receive treatment, a rate that rose to 56.4% among those 
with severe cognitive impairment. Additionally, 6.1% of 
patients with intact or mild cognitive decline received 
denosumab or anabolic agents, while none of those with 
severe cognitive impairment received this type of treat-
ment. The risk estimate for the decision tree was 0.300, 
the standard error 0.019, which means that this classifica-
tion tree analysis was able to predict the decision to treat 
patients or not with an accuracy of approximately 70%. 
The decision tree had a sensitivity of 94% and a specific-
ity of 30%. Among the treated patients, cognitive func-
tion was the only factor from the geriatric assessment 
that influenced the choice of therapy type (Fig.  3). Spe-
cifically, 16.4% of patients with normal cognitive function 
received denosumab or anabolic agents, whereas only 
7.5% of those with mild or severe cognitive impairment 
were prescribed these medications.

Discussion
In this study, we retrospectively analyzed the primary 
factors influencing the decision to administer anti-frac-
ture therapy, with a particular focus on the multidimen-
sional geriatric assessment. Our analysis identified three 
key elements: patient prognosis; functional autonomy, 
reflecting the capacity to independently perform daily 

activities; and cognitive status, evaluated in terms of the 
ability to manage and adhere to therapy independently. 
This approach not only allows for anti-fracture treatment 
personalization based on the true capabilities and needs 
of the old patient but also facilitates the anticipation of 
potential barriers to treatment effectiveness, such as 
adherence challenges or risks associated with frailty.

Regarding the decision to initiate an anti-fracture treat-
ment in the “oldest old”, this has been a matter of debate 
for years, largely because most clinical trials on anti-
fracture drugs have involved younger subjects, and evi-
dence of anti-osteoporotic efficacy in the oldest old has 
mainly come from subgroup analyses [22]. Despite the 
high fracture risk, older patients are often under-treated 
for skeletal fragility, mainly due to safety concerns and 
the perception that anti-fracture efficacy requires long-
term treatment [22]. In treated older patients, bisphos-
phonates represent the most commonly used class [23]. 
A meta-analysis of 23,287 women over the age of 65 con-
firmed that bisphosphonates are safe for older adults, 
and the reported adverse effects, particularly with zole-
dronic acid, are generally mild or moderate and should 
not discourage their prescription [24]. Furthermore, a 
large meta-analysis observed that the time-to-benefit of 
bisphosphonate therapy was 12.4 months to prevent one 
nonvertebral fracture per 100 women with postmenopau-
sal osteoporosis, suggesting that bisphosphonate therapy 
is most likely to benefit individuals with a life expectancy 
greater than 12.4 months [25]. Given these premises, the 

Fig. 2 CHAID Decision Tree depicting the multifaceted decision pathway for optimizing patient therapy selection, incorporating considerations 
of treatment types including Bisphosphonates, Denosumab, and other anabolic agents. CHAID: Chi-square automatic interaction detection
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decision to initiate anti-fracture treatment should not 
be based solely on age but should also consider func-
tional autonomy, cognitive status, and, most importantly, 
patient prognosis, elements typical of a multidimensional 
geriatric assessment.

A crucial aspect that emerged from our study is the 
central role of the MPI in the decision-making process 
regarding anti-fracture therapy in older adults. The MPI, 
a widely adopted prognostic tool, assesses patient frailty 
in hospitalized individuals through a multidimensional 
model [26–28]. This index not only takes into account 
biological and physiopathological aspects but also inte-
grates clinical outcomes and manifestations such as func-
tional deficits, reduced mobility, cognitive decline, loss of 
independence in daily activities, and the presence of mul-
tiple chronic conditions [29]. Although multidimensional 
assessments have been integrated into orthogeriatric care 
models, helping to identify frail individuals at higher risk 
of fractures [30], there are currently no specific stud-
ies that directly link the MPI to time-to-benefit for anti-
osteoporosis or fracture treatments. For instance, higher 
MPI values are associated with an increased risk of both 
vertebral and non-vertebral fractures, as well as a higher 
incidence of hospitalization-related complications (e.g., 
delirium) [31]. In this context, our study represents a pio-
neering effort, but further research is needed to validate 
the long-term outcomes of this approach and to better 
understand how the MPI may influence the timing and 
effectiveness of anti-fracture therapies. In our study, we 
observed that patients with MPI scores of 1 and 2, indica-
tive of a more favorable prognosis, received anti-fracture 
therapy significantly more often, with bisphosphonate 

prescription rates around 80%. In contrast, only 45.5% 
of patients with severe MPI, indicating a less favorable 
prognosis, received less intensive treatments, such as 
supplementation with calcium and vitamin D. This dis-
parity highlights the emphasis clinicians place on prog-
nostic factors, focusing more intensive interventions on 
patients with a longer life expectancy. The approach cen-
tered on patients with a better prognosis serves a dual 
purpose: on one hand, it aims to maximize the long-term 
benefits of anti-fracture therapy for those most likely to 
benefit; on the other hand, it seeks to minimize the risk 
of adverse effects in patients with unfavorable prognoses, 
where the risks of treatment may outweigh the benefits 
[32, 33]. This strategy aligns with the current trend of 
incorporating life expectancy and prognosis as key fac-
tors in evaluating the benefits and risks of tests and treat-
ments [34]. However, despite the availability of various 
prognostic tools, evidence supporting their routine use to 
improve clinical outcomes has been limited thus far. Our 
study aims to partially address this gap by demonstrating 
that the MPI is a potentially effective prognostic tool for 
guiding therapeutic decisions in the geriatric population.

After assessing the prognostic aspect, particularly in 
cases of intermediate risk, another crucial element that 
should guide therapeutic decisions is the patient’s func-
tional status. Indeed, pre-fracture functional status is a 
significant predictor of post-fracture outcomes in older 
adults with hip fractures: patients with better pre-frac-
ture function tend to experience more favorable out-
comes and have a higher likelihood of regaining mobility 
[35]. Our decision tree revealed that patients with a 
pre-fracture IADL score greater than 1 were treated 

Fig. 3 CHAID Decision Tree illustrating the role of cognitive function in selecting anti-fracture therapy, including Bisphosphonates, Denosumab, 
and Anabolic agents. CHAID: Chi-square automatic interaction detection
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in nearly all cases. This is because patients with higher 
IADL scores typically exhibit better baseline autonomy, 
greater potential for recovery, and a more favorable 
prognosis, along with a longer life expectancy [36]. In 
contrast, patients with lower IADL scores may be more 
frail and therefore more vulnerable to the side effects of 
medications, making treatment potentially riskier [37]. 
Preferring treatment for patients with greater functional 
autonomy not only reduces the risk of complications but 
also increases the likelihood of proper adherence to the 
prescribed therapy, thereby optimizing treatment effec-
tiveness [38].

Finally, the third aspect to consider is cognitive func-
tioning, which represents the second step in the deci-
sion to administer anti-osteoporotic therapy in patients 
with severe MPI. Patients with significant cognitive 
impairment rarely received treatments with Denosumab 
or anabolic drugs, while approximately 56% received 
supplementation with vitamin D and calcium. In the 
absence of a caregiver, forgetfulness, misinterpretation of 
instructions, and difficulties in adhering to complex dos-
ing schedules contribute to high rates of non-adherence 
to therapy among cognitively impaired patients [39]. 
Moreover, the progressive decline in cognitive func-
tion impairs the ability to plan, organize, and execute 
the tasks necessary for proper medication management, 
increasing the risk of unintentional non-adherence and 
medication errors [40]. In line with this, the decision tree 
indicates that the only factor influencing the prescrip-
tion of Denosumab or anabolic drugs was the cognitive 
domain, with these medications being more frequently 
prescribed to cognitively intact individuals. Our results 
can likely be explained by the method of drug adminis-
tration: an annual i.v. injection is undoubtedly more con-
venient for patients with cognitive decline, who might 
face significant difficulties managing medications on 
their own without assistance. Consistent with findings 
from other researchers, this facilitates the administration 
and prescription of anti-fracture therapy for individuals 
with cognitive decline, where the risk of fractures should 
not be underestimated [41].

Among the limitations of our study is its retrospec-
tive design, which may introduce biases or inaccura-
cies. Another limitation concerns the fact that the 
choice of anti-fracture therapy may also be influenced 
by local prescription regulations. Specifically, prescrip-
tion rules in Italy are likely more restrictive than those 
suggested by International Guidelines regarding the use 
of anabolic medications, even in patients at high risk 
of fracture. We also acknowledge that a proportion of 
patients did not receive anti-fracture treatment, which 
clearly represents an area for potential improvement 

in our program. Furthermore, we could not establish 
the actual effectiveness of our approach. Additional 
research will be necessary to monitor patient survival 
during follow-up and, consequently, to evaluate the 
efficacy of our therapeutic decision-making strategy.

In conclusion, our study highlights three key factors 
that should guide the decision to initiate anti-fracture 
therapy: prognostic, functional, and cognitive aspects. 
This emphasizes the critical role of a multidimensional 
approach in orthogeriatric care. Further data, particu-
larly from larger populations and extended follow-
up periods, are needed to validate these findings and 
determine whether comprehensive assessments are 
truly essential for optimizing clinical decisions and 
improving patient outcomes.
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