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Abstract
Summary  Despite the establishment of Fracture Liaison Services (FLS) worldwide, no study has evaluated their impact on 
the Portuguese population. Our work has shown that the implementation of an FLS is associated with a significant increase 
in OP treatment and a lower risk of secondary fracture.
Purpose  Fracture Liaison Services (FLS) have been established worldwide, with positive effects on treatment, secondary 
fracture, mortality, and economic burden. However, no study has evaluated their impact on the Portuguese population. There-
fore, we purposed to evaluate the effect of an FLS model in a Portuguese center on osteoporosis (OP) treatment, secondary 
fracture, and mortality rates, 3 years after a fragility fracture.
Methods  Patients over 50 years old, admitted with a fragility fracture, between January 2017 and December 2020, were 
included in this retrospective study. Patients evaluated after FLS implementation (2019–2020) were compared with those 
evaluated before (2017–2018) and followed for 36 months. Predictors of secondary fracture and mortality were assessed 
using a multivariate Cox regression model, adjusted to potential confounders.
Results  A total of 551 patients were included (346 before and 205 after FLS). The FLS significantly increased the rate of OP 
treatment, when compared with standard clinical practice (8.1% vs 77.6%). During follow-up, the secondary fracture rate was 
14.7% and 7.3%, before and after FLS, respectively. FLS was associated with a lower risk of secondary fracture (HR 0.39, C.I. 
0.16–0.92). Although we observed a lower mortality rate (25.1% vs 13.7%), FLS was not a significant predictor of survival.
Conclusion  Implementing the FLS model in a Portuguese center has increased OP treatment and reduced the risk of second-
ary fracture. We believe that our work supports adopting FLS models in national programs.
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Introduction

Fragility fractures are the major outcomes of osteoporosis 
(OP) [1]. Besides pain and disability, there is an increased 
risk of subsequent fragility fractures and premature death, 
mainly within 2 years after the fracture [2]. It is estimated 
that 4.3 million fragility fractures occurred in Europe in 
2019, which comes out to an average of 487 fractures per 
hour [3]. In Portugal, there were 70.730 fractures per 1000 
habitants aged over 50 years in the same period [3]. The 
annual number of incident fragility fractures among Por-
tuguese women older than 50 years old is 9.440 hip, 4.847 
wrist, 3.491 vertebral, and 38.881 other fractures [4, 5]. An 
estimated prevalence of fragility fractures of 20.7% was 
shown in a large population database, the EpiReumaPt study, 
with only 7.1% of the senior women reporting being under 
OP treatment [6]. These numbers are expected to grow, due 
to increased life expectancy. It is estimated that the annual 
number of fragility fractures in Europe will increase by 1.06 
million from 4.28 million in 2019 to 5.05 million in 2034 
[3]. Despite successful treatment and national/international 
guidelines, there still is an alarming number of patients with 
fragility fractures who are not treated for OP in the setting 
of standard hospital care [3, 7, 8].

To address this public health problem, the International 
Osteoporosis Foundation (IOF) launched the Capture the Frac-
ture campaign. This campaign promoted the establishment of 
Fracture Liaison Services (FLS) [8, 9] to reduce secondary 
fractures, by identifying patients with fragility fractures and 
initiating appropriate treatment. Since then, many FLS have 
been established in hospitals worldwide, with different models 
and organizations, that have demonstrated positive effects on 
fracture incidence and economic burden [10, 11]. Studies have 
shown that more intensive models might be the most effective to 
prevent fractures and lower morbidity rates [12–14]. Currently, 
nine FLS have been created in Portugal [15], but their impact on 
Portugal’s population has yet to be assessed. Our FLS (Unidade 
Coordenadora Funcional da Osteoporose) was implemented in 
January 2019 with the primary objective to reduce the risk of 
secondary fracture. Therefore, this study aimed to evaluate the 
effect of a FLS model in a Portuguese center, on OP treatment, 
secondary fracture, and mortality rates, 3 years after a fragil-
ity fracture, compared with the previous standard of care in a 
homologous time.

Methods

Study design and participants

A retrospective cohort study was conducted on patients 
over 50 years old, who suffered a fragility fracture and 

were treated in our institution, between January 2017 and 
December 2020. Fragility fractures included hip, vertebral, 
wrist, and other fractures, such as the humerus, elbow, 
and lower leg. The same fracture locations used in the 
scorecard for osteoporosis in Europe (SCOPE 2021) were 
included [3]. Patients with pathological and traumatic 
fractures, who died in the orthopaedic ward after surgery 
or cognitive dysfunction, or dementia cases were excluded. 
Socio-demographic, such as age and gender, and clinical 
data, such as body mass index (BMI), functional status, 
number of previous fractures, secondary fractures, chronic 
non-communicable diseases, type of fracture, hospitali-
zation, mortality, and initiation of OP drugs, were col-
lected from our local computerized and national databases 
(PDS-Health Data Platform). Chronic non-communicable 
diseases were collected according to the registries: hyper-
tension, diabetes mellitus, dyslipidaemia, thyroid or para-
thyroid disorders (hypo or hyperthyroidism and hypo or 
hyperparathyroidism), cardiovascular diseases (coronary 
disease, arrhythmia, heart valves problems, heart failure, 
or cardiomyopathy), respiratory diseases (chronic bron-
chitis, asthma, or pulmonary fibrosis), chronic kidney 
diseases, rheumatic inflammatory diseases (rheumatoid 
arthritis, ankylosing spondylitis, psoriatic arthritis, gout, 
rheumatic polymyalgia, or systemic erythematosus lupus), 
neurological diseases (stroke, migraines, multiple sclero-
sis, Parkinson’s disease, peripheral polyneuropathy, or 
myopathy), depression, and cancer; lifestyle behaviors: 
smoke and alcohol abuse. The number of chronic non-
communicable diseases was determined for each respond-
ent, with multimorbidity defined as the presence of two or 
more of these disorders [16]. Secondary fragility fractures, 
hospitalizations, and mortality were assessed 36 months 
from the date of the index fracture. Patients evaluated from 
January 2019 to March 2020 (during FLS) were compared 
with patients hospitalized between January 2017 and 
December 2018 (before FLS). Before the implementation 
of the FLS protocol, patients received standard fracture 
care during hospitalization and OP was managed mainly 
by primary care.

FLS protocol

The protocol described here is based on the cooperation 
between Orthopaedic/Traumatology and Rheumatology 
Departments. When the patient presents at the emergency 
department of our hospital, following a low-energy frac-
ture, an X-ray of the fracture site is taken, and two situa-
tions may occur: (A) the patient may undergo Orthopaedic/
Traumatology surgery to treat the fracture and then be 
admitted to the Orthopaedic/Traumatology ward or (B) the 
patient will be admitted to the Orthopaedic/Traumatology 
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ward to wait for surgery. At this point, FLS is activated in 
eligible patients. All the patients are evaluated through a 
questionnaire collecting sociodemographic (age at frac-
ture and gender) and clinical data (body mass index, life-
style behaviors: current smoking and alcohol use, chronic 
non-communicable diseases, previous fractures, depend-
ence status (Katz index), previous OP treatments, type of 
fracture). They undergo laboratory tests (including renal 
and hepatic function, phosphocalcium metabolism, and 
protein electrophoresis) and thoracolumbar spine X-rays 
to exclude asymptomatic fractures. During the in-patient 
period, physical therapy for functional recovery and OP 
treatment is started, at the osteoporotic clinic, according to 
the Portuguese recommendations, where alendronic acid 
is the first-line therapy [17]. Treatment is prescribed in 
patients with one fragility fracture of the hip or two or 
more fragility fractures, independently of the site of the 
fracture, or with estimates of FRAX®Portugal ≥ 11% for 
major osteoporotic fracture or ≥ 3% for hip fracture [17]. 
OP treatment is not prescribed to patients with cognitive 
dysfunction, dementia, on dialysis or who are bedridden. 
Information is sent directly to the primary care physician 
(Fig. 1). Since the protocol had no experimental design, 
ethical approval, and informed consent were not required.

Statistical analysis

A general descriptive analysis of data was performed. Cat-
egorical variables were presented as absolute values and 
percentages, and continuous variables as means and their 
corresponding standard deviations. The chi-square test and 
t-test student were used to determine differences between 
before and after FLS groups by comparing categorical and 
continuous variables. Patients who suffered fractures before 
and after FLS were only included in the after FLS group.

The patient’s survival was determined using 
Kaplan–Meier analysis. First, an analysis was done to esti-
mate the risk of a secondary fragility fracture at the end of 
the 36-month follow-up period; in this analysis, deaths and 
patients lost to follow-up were censored to avoid possible 

bias. A second analysis was performed to estimate mortal-
ity risk where the outcomes were either death or end of the 
36-month follow-up; in this analysis, patients lost to follow-
up were censored.

Mortality and secondary fragility fracture rates were 
compared between the two groups using a multivariate Cox 
proportional hazard model adjusted to potential confounders 
such as age, gender, the status of dependence, multimorbid-
ity, previous fractures, fractures, and OP treatment.

SPSS software© version 27 was used and a p-value ≤ 0.05 
was considered statistically significant.

Results

A total of 551 patients with fragility fracture were 
included the following: 346 before and 205 after FLS 
implementation. Socio-demographic and clinical char-
acteristics are presented in Table 1. Most patients were 
women (83.5%) with a mean age of 80.83 ± 8.86 years old 
[82.08 ± 7.66 years before FLS and 78.72 ± 10.26 years 
after FLS (p < 0.001)]. No statistically significant differ-
ences between groups regarding gender and BMI were 
found. More previous fractures were observed in the group 
after FLS implementation (34.1% vs 15.4%, p < 0.001); 
however, we did not find differences in previous OP treat-
ment (10.4% vs 14.1%, p = 0.188). There were no statisti-
cally significant differences in chronic non-communicable 
diseases between the two groups, except for neurological 
diseases (21.6% vs 12.5%, p = 0.008). The most frequent 
fracture in both groups was hip fractures (80.3% vs 65.4%, 
p =  < 0.001). OP treatment was given in 28 cases (8.1%) 
before FLS, compared to 159 patients (77.6%) observed 
after FLS (p = 0.001). In both groups, the most prescribed 
drug was oral alendronic acid, while parental treatment 
(zoledronic acid intravenous and denosumab subcutane-
ous) was only prescribed after FLS implementation.

The mean follow-up time was 41.40 ± 14.73  months 
(before FLS 41.79 ± 16.67  months and after FLS 
40.72 ± 10.67 months, p = 0.414). A total of 58 patients 
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Fig. 1   Centro Hospitalar Baixo Vouga FLS protocol
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(10.5%) suffered a secondary fracture: 46 (13.3%) com-
pared with 12 (5.9%) patients, before and after FLS imple-
mentation, respectively (p = 0.006). The most common 
secondary fracture types were hip (53.03%), followed 

by wrist (16.67%), and vertebral (12.12%). Overall, 32 
(55.17%) secondary fractures were observed in the first 
year, 9 (15.52%) in the second year, and 17 (29.31%) in the 
third year. The Cox proportional hazards model showed a 

Table 1   Patient’s socio-demographic and clinical characteristics—differences between before FLS and after FLS implementation groups

Data are presented as numbers (%) or mean ± standard deviation. Legend: n number, BMI body mass index, OP osteoporosis, FLS Fracture Liai-
son Service. *Statistical significant p ≤ 0.05

Characteristics Before FLS 2017–2018 During FLS 2019–2020 p value

N 346 205
Female, n (%) 286 (82.7) 174 (84.9) 0.498
Age at fracture, years old 81.40 ± 7.50 77.82 ± 11.19 0.001*
Worse dependence status (Katz 3 and 4), n (%) 136 (39.3) 84 (41.0) 0.699
BMI (n = 339) 0.814
Underweight, n (%) 7 (5.0) 7 (3.7)
Normal weight, n (%) 44 (31.2) 53 (27.7)
Excess Weight, n (%) 57 (37.6) 79 (39.8)
Obesity, n (%) 37 (26.2) 55 (28.8)
BMI, kg/m2 26.69 ± 4.11 27.41 ± 4.42 0.545
Previous fractures, n (%) 53 (15.4) 30 (34.1)  < 0.001*
Previous OP treatment, n (%) 36 (10.4) 29 (14.1) 0.188
Chronic non-communicable diseases
Hypertension, n (%) 256 (74.0) 143 (69.8) 0.283
Diabetes mellitus, n (%) 100 (28.9) 55 (26.8) 0.601
Dyslipidaemia, n (%) 150 (43.4) 94 (45.9) 0.520
Thyroid disorders, n (%) 30 (8.7) 22 (10.7) 0.424
Cardiovascular diseases, n (%) 114 (33.3) 54 (26.3) 0.086
Respiratory diseases, n (%) 29 (8.5) 13 (6.5) 0.406
Chronic kidney diseases, n (%) 38 (11.0) 18 (8.8) 0.408
Rheumatic inflammatory diseases, n (%) 7 (2.0) 7 (3.4) 0.316
Neurological diseases, n (%) 74 (21.6) 25 (12.5) 0.008
Depression, n (%) 120 (34.9) 66 (32.2) 0.520
Current smoker, n (%) 10 (2.9) 7 (3.4) 0.731
Alcohol abuse (3 or more units/day), n (%) 15 (4.3) 15 (7.3) 0.136
Multimorbidity, n (%) 274 (79.2) 150 (73.2) 0.105
Type of fracture
Hip fracture, n (%) 278 (80.3) 134 (65.4)  < 0.001*
Vertebral fracture, n (%) 27 (7.8) 24 (11.7) 0.126
Wrist fractures, n (%) 20 (5.8) 15 (7.5) 0.105
Humeral fracture, n (%) 10 (2.9) 11 (5.4) 0.142
Lower leg fracture, n (%) 5 (1.4) 17 (8.3)  < 0.001*
Elbow fracture, n (%) 5 (1.4) 3 (1.5) 0.986
Follow-up
OP treatment prescribed, n (%) 28 (8.1) 159 (77.6)  < 0.001*
Alendronate 21 (75.0) 103 (64.8)
Risedronate 5 (17.9) 1 (0.6)
Ibandronate 2 (7.1) 0 (0.0)
Zoledronate 0 (0) 30 (18.9)
Denosumab 0 (0) 25 (15.7)
Secondary fractures, n (%) 46 (13.3) 12 (5.9) 0.006*
Mortality, n (%) 71 (20.5) 24 (11.7) 0.008*
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significantly lower refracture rate in FLS patients before and 
after adjusting for age, gender, previous fracture, multimor-
bidity, dependence status (Katz < 3), and OP treatment (HR 
0.39, C.I. 0.16–0.92) (Fig. 2; Table 2). We did not find other 
predictors of secondary fracture.

During the follow-up period, 95 patients (17.2%) died: 47 
patients (49.47%) in the first year, 26 patients (27.37%) in the 
second year, and 22 patients (23.16%) in the third year. A higher 
number of deaths were observed before FLS implementation 
(20.5% vs 11.7%, p = 0.008) (Table 1). Survival was higher in 
FLS patients (HR 0.56, C.I. 0.35–0.89). However, this finding 
was not found after adjusting for age, gender, dependence sta-
tus, fracture site, multimorbidity, and beginning of OP treatment 
(Fig. 3; Table 3). Male gender (HR 1.78, C.I. 1.11–2.86), older 
age at time of fracture (HR 1.04, C.I. 1.01–1.07), and a more 
dependent functional status (Katz < 3) (HR 2.38, C.I. 1.49–3.81), 
were found to increase mortality risk independently (Table 3).

Discussion

This study was performed to evaluate the impact of the imple-
mentation of a Portuguese FLS on OP treatment, secondary 
fracture, and mortality rates three years after a fragility frac-
ture. As expected, in our study, senior female patients were pre-
dominant, before and after FLS implementation, with multiple 
chronic non-communicable diseases and previous fractures but 
a lower prevalence of previous OP treatment.

Our FLS increased the rate of OP treatment prescrip-
tion (77.6%) when compared with standard clinical care 
(8.1%). The percentage of patients who initiated their OP 
treatment in our FLS (77.6%) is in line with other FLS stud-
ies published in the literature (77% [18] and 78.4% [19]). 
In a study conducted in 2013 in a Portuguese tertiary hos-
pital center, the authors found that 12.1% of the patients 
who suffered a hip fracture had initiated OP treatment in 

Fig. 2   Cumulative incidence of secondary fracture before and after FLS implementation, adjusted for age, gender, dependence status, multimor-
bidity, previous fractures, and OP treatment
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Table 2   Multivariable Cox 
regression analysis on second 
fracture rates: before FLS vs. 
after FLS implementation 
groups

Legend: OR odds ratio, CI confidence interval, FLS Fracture Liaison Service, OP osteoporosis. *Statistical 
significant p ≤ 0.05

Independent variables Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

FLS 0.37 (0.91–0.71) 0.003* 0.39 (0.16–0.92) 0.032*
Age at fracture 1.01 (0.98–1.04) 0.678 1.00 (0.97–1.04) 0.932
Male gender 0.64 (0.28–1.50) 0.305 0.64 (0.27–1.49) 0.278
Dependent status 0.70 (0.40–1.24) 0.225 - -
Previous fractures 0.70 (0.35–1.38) 0.306 - -
Multimorbidity 1.50 (0.76–2.96) 0.246 - -
Hip fracture 0.99 (0.55–1.79) 0.977 0.86 (0.46–1.63) 0.647
OP treatment started 0.50 (0.27–0.92) 0.027* 0.91 (0.40–2.09) 0.830

Fig. 3   Cumulative survival before and after FLS implementation, adjusted for age, gender, dependence status, multimorbidity, previous frac-
tures, and OP treatment
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the setting of standard clinical care [20]. This percentage is 
higher compared to what we found in our study (8.1%), dur-
ing the period before FLS implementation. In a systematic 
review published in 2018, was reported an increase of at 
least 20% in OP treatment, compared with standard man-
agement [21]. In our cohort, oral alendronic acid was the 
most prescribed treatment. This is in balance with national 
treatment recommendations, where alendronic acid is the 
first-line therapy since it is cost-effective [17, 22]. Parental 
treatments were reserved for patients with higher-risk frac-
tures and/or chronic renal disease and patients with poor 
oral treatment adherence. In Portugal, OP treatment is sup-
ported mostly by the National Health System and in a small 
part by the patient. In the case of denosumab, teriparatide, 
and zoledronic acid, the amount of money charged to the 
patients is higher than for alendronic acid [22]. This may 
explain why the most prescribed treatment was oral alen-
dronic acid. Regarding secondary fractures, we observed a 
significantly lower incidence after the implementation of our 
FLS, in line with other studies [23, 24]. Our adjusted model 
showed that FLS reduced the probability of secondary frac-
ture (HR 0.39, C.I. 0.16–0.92), which was also reported by 
a recent systematic review and meta-analysis (HR 0.70, C.I. 
0.52–0.93) [25]. Although FLS increased the prescription 
rate of OP treatment, the present study did not show an asso-
ciation between OP treatment and secondary fracture risk. 
Nevertheless, OP treatment consists not only of pharmaco-
logical treatment but also of non-pharmacological treatment 
such as healthy lifestyle behaviors and avoidance of falls, 
which were not evaluated in our study. This suggests that 
non-pharmacological treatment can be extremely important 
in the first years after a fracture [26].

Patients who suffered a fragility fracture have a lower 
life expectancy compared to the general population and FLS 
can improve patient’s survival [18, 27, 28]. Two systematic 
reviews and meta-analyses observed a lower mortality risk 
in patients managed by FLS models when compared with 
standard clinical care [21, 25]. Patients treated in FLS had 

a lower mortality rate when compared with patients man-
aged before FLS. However, in our study, the FLS imple-
mentation was not associated with a lower risk of mortality, 
after model adjustment to age, gender, the status of depend-
ence, multimorbidity, previous fractures, and OP treatment. 
We observed that an older age at fracture time, male gen-
der, and worse functional status (Katz < 3) were found to 
increase mortality risk. Since the FLS group had younger 
patients than those observed before FLS, this could have 
influenced mortality rates. However, after model adjustment, 
we observed that a higher age when suffering a fragility 
fracture will increase mortality risk, which is expected since 
the elderly are associated with higher morbidity and lower 
recovery capacity [29]. Some studies have reported worse 
fracture outcomes in male patients [30]. Differences in hip 
fractures were considered and did not influence secondary 
fractures or mortality risk, after model adjustment. Little 
is known about the impact of multimorbidity in OP. Multi-
morbidity was found to be a predictor of fragility fractures 
in Portuguese women ≥ 50 years old, and their combination 
was associated with worse quality of life and disability [31]. 
Moreover, a recent Australian study observed a lower treat-
ment rate in patients with hip fractures and multimorbidity 
[32]. Since most patients with OP are old, frail, and have 
multimorbidity, FLS models must have a multidisciplinary 
approach to better evaluate and treat these patients [33].

The FLS model has gained more importance as an effec-
tive approach to OP treatment and secondary fracture pre-
vention. More evidence has emerged and is important to 
promote the implementation and funding of this model by 
national governments. In Portugal, there is no data regard-
ing the efficacy of FLS implementation. The present study 
is the first to report the benefits of the FLS model in OP 
treatment initiation, secondary fracture prevention, and 
mortality in the Portuguese population. Moreover, is the 
first study to report the real-world effectiveness of the FLS 
itself from a clinical perspective. However, this study has 
limitations, mainly concerning its retrospective design and 

Table 3   Multivariable Cox 
regression analysis on mortality: 
before FLS vs. after FLS 
implementation groups

Legend: OR odds ratio, CI confidential interval, FLS Fracture Liaison Service. *Statistical significant 
p ≤ 0.05

Independent variables Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

FLS 0.56 (0.35–0.89) 0.015* 0.78 (0.43–1.41) 0.408
Age at fracture 1.07 (1.04–1.10)  < 0.001* 1.04 (1.01–1.07) 0.012*
Male gender 1.90 (1.19–3.02) 0.007* 1.78 (1.11–2.86) 0.016*
Dependent status 3.56 (2.30–5.50)  < 0.001* 2.38 (1.49–3.81)  < 0.001*
Previous fractures 0.85 (0.52–1.41) 0.539 - -
Multimorbidity 2.00 (1.09–3.66) 0.025* 1.58 (0.86–2.91) 0.145
Hip fracture 3.78 (1.83–7.81)  < 0.001* 2.04 (0.96–4.33) 0.064
OP treatment started 0.34 (0.19–0.59)  < 0.001* 0.60 (0.29–1.22) 0.159
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the data being from a single center. Although implemented, 
we did not evaluate non-pharmacological therapy and fall 
prevention. Concerning our reality, the FLS implementation 
allowed the identification and treatment of risk patients, and 
better communication with primary care, who manage most 
of the patients with OP in Portugal. Follow-up and treat-
ment adherence were not specifically addressed in this study. 
Future work with more patients, multicenter and longer fol-
low-up periods will provide further extrapolations about the 
socioeconomic impact on the hospital system and patient 
care quality, in Portugal.

Conclusion

The implementation of the FLS model in a Portuguese center 
has increased OP treatment and reduced the risk of second-
ary fracture. This is the first study evaluating the impact of 
an FLS in the Portuguese population, supporting its efficacy, 
as described previously worldwide. We believe that our work 
supports the establishment of national programs, with the 
adoption of the FLS model, which could lead to better OP 
outcomes regarding fractures and mortality, and promote 
quality of life.
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