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Abstract

Introduction: Fracture Liaison Services (FLS) has been proven effective in reducing subsequent fractures and related
mortality. However, more research is needed on the impact of FLS on the 30-day readmission rate and its effectiveness in
rural hospitals. This study aims to assess the impact of FLS on clinical outcomes including readmission rates, subsequent
fractures, and fracture-related mortality in rural areas of an Asain country.Materials and methods: In a rural hospital
in Taiwan, we conducted a two-year prospective cohort study on elderly individuals with fragility hip fractures. The study
compared the clinical outcomes between the control group and the FLS-cohort group. Logistic regression analysis was
used to identify factors contributing to 1-year mortality after injury. Results: 556 patients were enrolled. (304 in the
control group and 252 in the FLS group) The mean age was 79.8 years. The findings revealed that the introduction of FLS
did not result in significant differences in mortality, readmission, complication, subsequent fractures, or secondary hip
fractures. However, there were notable improvements in the length of hospital stay and the proportion of patients
receiving surgery within 48 h following the implementation of FLS. Subgroup analysis showed that FLS patients who
received anti-osteoporotic treatment had lower mortality and 30-day readmission rates. Factors associated with higher
1-year mortality included male, high ASA level, and delayed surgery. Discussion: This study provides the real-life
evidence of the effect of intensive FLS model in a rural hospital in an Asian country.Conclusion:While FLS did not show
significant differences in certain clinical outcomes, it led to shorter hospital stays and increased timely surgeries. FLS
patients receiving anti-osteoporotic treatment had better mortality and readmission rates. Further research is necessary
to gain a comprehensive understanding of the impact of FLS care in rural areas of Asia.
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Introduction

Osteoporosis is a chronic condition characterized by low
bone density, increased bone fragility, and a greater risk of
fractures.1 Osteoporosis is typically asymptomatic, and the
first clinical manifestation is often a fragility fracture re-
sulting from minor trauma. Hip fracture is the most severe
fragility fracture due to its increased risk of early death and
subsequent fragility fractures.2 The mortality rate is around
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10% within 1 month and 24% within 1 year after a hip
fracture.3 Besides, 10% of hip fracture patients sustained
another fracture within 1 year.4

However, many patients do not receive any evaluation
after a fracture.5 Fracture liaison services (FLS) are designed
to bridge this gap. In 2012, the International Osteoporosis
Foundation (IOF) facilitated the implementation of the
Fracture Liaison Service globally, a post-fracture model of
care that identifies all patients with a higher risk of a sec-
ondary fracture. Numerous published analyses have vali-
dated the effectiveness of FLS and similar services, which
have shown increased patient assessment and treatment
initiation, resulting in projected clinical benefits and cost
savings.6–10 Such services are increasingly regarded as the
gold standard in secondary fracture prevention.11–14 Mul-
tiple studies have confirmed the significant impact of FLS in
reducing the occurrence of subsequent fractures and related
mortality.15,16 The early readmission rate, generally defined
as readmission within 30 days, is commonly used to
measure the quality of hospital care. Though hospital re-
admissions are closely related to chronic illness, they are
associated with higher morbidity and mortality after hip
fractures.17,18 There needs to be more information about the
effect of FLS in reducing the 30-day readmission rate.
Besides, few studies focused on the impact of FLS in rural
hospitals with more elderly patients than in the metropolis.
This study examined whether the FLS program could im-
prove the quality of care and clinical outcomes of patients
who encountered fragility hip fractures in rural areas, in-
cluding 30-day readmission rates, subsequent fractures, and
fracture-related mortality.

Material and Methods

Study Design

A prospective cohort study was conducted on patients who
experienced fragility hip fractures for 2 consecutive years
before and after implementing the FLS in our hospital, a
regional hospital located in the suburbs of Tainan city,
featuring dairy farming. According to the data from Xi-
nying household registration office, Tainan city, the na-
tional population density is 646.25 people per square
kilometer. Within the hospital’s area, the population
density is approximately 200 to 300 people per square
kilometer. The elderly population accounts for over 20% of
the total population, with more than 60% of the elderly
having an education level of primary school graduation or
below. (https://web.tainan.gov.tw/shinying/).

Study Population

Patients over 50 with fragility hip fractures, including
femoral neck and trochanteric fractures, were included

between January 1, 2019, and December 31, 2020. Patients
with pathological and periprosthetic fractures and high-
energy injuries (i.e., those due to traffic accidents or falling
from heights) were excluded.

Patients were categorized into 2 groups. The patients who
suffered from hip fractures between January 1, 2019, and
December 31, 2019, were grouped as the control group. Those
who encountered hip fractures between January 1, 2020, and
December 31, 2020, were defined as the FLS cohort group.
Patients were followed from the date of the initial hip fracture
(index date) until the death of any cause or end of the 1-year
follow-up. Written informed consent was obtained from all
participants before their involvement in the study

Outcome Measures

The primary outcomes included rate of DXA scanning,
anti-osteoporosis medication prescribing, length of stays,
30 days re-admission rate, mortality rate within 1 month
and 1 year, and surgical related complication rates (i.e.,
surgical site infection, implant loss of reduction, hip
prothesis dislocation). Fragility fractures are fractures that
occur as a result of a fall from standing height or less,
involving areas like hip, spine, wrist and shoulder. 1-year
subsequent fragility fractures (except hip) and 1-year
second hip fractures were considered secondary out-
comes. Subgroup analysis was also undergone in the FLS
cohort group to reveal if anti-osteoporotic treatment is an
impact factor in reducing the mortality rate. We divided the
patients into those receiving anti-osteoporotic treatment
and patients untreated. The data were obtained from
medical records and telephone calls to patients or their
families by a specialized liaison nurse certified by the
Taiwan Osteoporosis Association.

Data Collection

The following information was collected from our elec-
trical medical record system: age, gender, American So-
ciety of Anesthesiologists (ASA) score, fracture side, and
type of fracture (femoral neck, trochanteric or sub-
trochanteric). Moreover, surgical-related complications,
referral to dual-energy X-ray absorptiometry (DXA)
scanning, the rate of time to surgery (TTS) within 48 h of
injury, and the length of stay (LOS) were also collected.

Statistical Analysis

Chi-square test and Fisher’s exact test were employed to
compare categorical data, i.e., sex, side, fracture type, and
so on. The independent t test was used to analyze con-
tinuous data, such as age and length of hospital stay.
Furthermore, using multiple logistic regression analysis,
we evaluated the contribution to death within 1 year after
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injury with the following variables: age, sex, ASA, FLS
intervention, surgery within 48 h of injury, and occurrence
of postoperative complications. A two-tailed P-value
of <.05 was considered statistically significant. We used
IBM SPSS Statistics for macOS (Version 25.0. Armonk,
NY: IBM Corp) to analyze the data.

Fracture Liaison Services (FLS)

In the FLS, a specialized liaison nurse systematically
evaluated patients within 8 weeks post-surgery. The
evaluation included estimating the 10-year fracture risk by
FRAX (fracture risk assessment tool), DXA scanning,
lifestyle behaviors (amount of supplemental calcium and
vitamin D3 intake, protein intake, exercise, smoking, and
alcohol, etc.), fall risk assessment & prevention, and blood
test to screen for possible underlying secondary endocrine
causes osteoporosis. If the patient has received prior
treatment for osteoporosis, evaluation of the medication
dosage, side effects, compliance, and contraindications
were also carefully analyzed. The specialized liaison nurse
would also provide comprehensive education on the dis-
ease of osteoporosis and its treatment involving medica-
tions or other non-pharmacological management options
to participants of our program when indicated.

Osteoporosis treatment decisions depend on the Na-
tional Osteoporosis Foundation (NOF) guidelines,19 es-
pecially for the groups including postmenopausal women
and men aged 50 and older presenting with the following:

· A hip or vertebral fracture.
· T-score ≤ �2.5 at the femoral neck, total hip, or

lumbar spine.
· Low bonemass (T-score between�1.0 and�2.5 at the

femoral neck or lumbar spine) and a 10-year proba-
bility of a hip fracture ≥3%or a 10-year probability of a
major osteoporosis-related fracture ≥20% based on the
US-adapted WHO algorithm.

Results

This study enrolled 556 patients (304 in the control group
and 252 in the FLS cohort group). The mean age was 79.8
± 9.1 years (i.e., the control group was 78.6 ± 10.1, and the
FLS cohort group was 81.2 ± 8.1, P = .001). There were
179 males and 377 females, with a higher proportion of
males in the control group (37.8% vs 25.4%, P = .002).
There were no statistically significant comorbidity dif-
ferences between the 2 groups (ASA scale: 2.96 ± .43 vs
2.98 ± .27, P = .428). The proportion of patients receiving
surgery within 48 h of injury increased significantly from
91.7% to 98,0% after FLS introduction (P = .001). The
difference in patient characteristics between the 2 groups is
shown in Table 1.

Primary Outcomes

During the follow-up period, 64 patients died within
1 year: 32 patients (10.5%) in the control group and 32
patients (12.7%) in the FLS cohort group (P = .424). The 1-
month mortality rate is 2.3% (n = 7) in the control group
and 1.6% (n = 4) in the FLS cohort group (P = .547). The
LOS was 9.8 ± 8.6 days in the control group compared
with 8.1 ± 3.4 days in the FLS cohort group (P = .002). The
30-day all-cause re-admission rate is 10.5% (n = 32) in the
control group and 9.5% (n = 20) in the FLS cohort group
(P = .70). The overall complication rate was 8.9% (n = 27)
in the control group and 6.7% in the FLS cohort group (n =
17) (P = .353). Anti-osteoporotic treatment was given in
108 cases (35.5%) before FLS implementation, compared
to 185 (73.4%) patients after FLS implementation (P <
.001). A total of 116 (38.2%) individuals received a DXA
exam during the follow-up period before FLS im-
plementation, compared to 185 (87.7%) patients after FLS
implementation (P < .001) (Table 2).

Secondary Outcomes

The 1-year subsequent fragility fracture rate was 4.9% (n =
15) in the control group and 4.4% (n = 11) in the FLS
cohort group (P = .752). A total of 18 patients (3.2%)
suffered a secondary hip fracture in 1 year, with 12 patients
(3.9%) before FLS implementation and 6 patients (2.4%)
after FLS implementation (P = .299) (Table 2).

Subgroup Analysis

In subgroup analysis, there was a significant difference in
mortality rate between people receiving anti-osteoporotic
medication and those who were untreated, including pa-
tients who refused to receive anti-osteoporotic medical
treatment or could not afford treatment. The 1-month
mortality rate is 0% in the treated group (n = 0) and 6%
in the untreated group (n = 4) (P = .001). The one-year
mortality rate was 9.7% in the treated group (n = 18) and
20.9% in the untreated group (n = 14) (P = .019). However,
the patient characteristics exhibited significant differences
in terms of gender and ASA classification (Table 3).

In Multiple logistic regression analysis, male gender
(P = .012), high ASA level (P < .001), and delayed surgery
over 48 h (P = .021) were found to contribute to higher
mortality within 1 year (Table 4).

Discussion

Doshi et al showed a 2.3% 30-day mortality and 5.9% 1-
year mortality rate in hip fracture patients after im-
plementing FLS in Singapore,20 and Leung had revealed a
1.8% 30-day mortality rate and 11.5% 1-year mortality rate
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in Hong-Kong following FLS intervention.21 Our findings
correspond to previous studies conducted in Asia. (1.6% 1-
month mortality rate and 12.6% 1-year mortality rate) The
2 groups did not show a significant difference in the
mortality rate within 1 month and 1 year after injury, al-
though the rate was slightly lower in the FLS cohort group.
This outcome could be attributed to the age difference
between the 2 groups, as the FLS cohort group had an older
population (81.2 ± 8.1 years vs 78.6 ± 10.1 years,

P = .001). Heterogenic results have been observed in
previous studies. A large Swedish study reported 1-year
post-fracture mortality rates in patients of 13.3% and
12.2% before and after the implementation of FLS, re-
spectively, although this difference was not statistically
significant.22 On the other hand, the beneficial impact on
mortality associated with the use of an FLS or ortho-
geriatric model was also reported by previous studies.
Hawley et al found improvements in 1-year post-fracture

Table 1. Patient Characteristics Between the Control and the FLS Cohort Groups.

Parameter Control (N = 304) FLS Cohort (N = 252) P-value

Age (Years) 78.6 ± 10.1 81.2 ± 8.1 .001
Gender (male) 115 (37.8%) 64 (25.4%) .002
Side (left) 148 (48.7%) 126 (50.0%) .786
Fracture type .163
Femoral neck 146 (48.0%) 122 (48.4%)
Trochanteric 151 (49.7%) 115 (45.6%)
Subtrochanteric 4 (.7%) 9 (1.6%)

ASA classification 2.96 ± .43 2.98 ± .27 .428
Patients receiving operation in 48hr 277 (91.7%) 247 (98.0%) .001

FLS: Fracture liaison services; ASA: American Society of Anesthesiologists.

Table 2. Outcomes Between the Control and the FLS Cohort Groups.

Parameter Control (N = 304) FLS Cohort (N = 252) P-value

Complication 27 (8.9%) 17 (6.7%) .353
Hospital stays, days 9.8 ± 8.6 8.1 ± 3.4 .002
Mortality (1 year) 32 (10.5%) 32 (12.6%) .424
Mortality (1 month) 7 (2.3%) 4 (1.6%) .547
30 days readmission 32 (10.5%) 24 (9.5%) .696
DXA scanning 116 (38.2%) 221 (87.7%) <.001
Osteoporosis treatment 108 (35.5%) 185 (73.4%) <.001
1-year subsequent fragility fracture 15 (4.9%) 11 (4.4%) .752
1-year second hip fracture 12 (3.9%) 6 (2.4%) .299

DXA: Dual-energy X-ray absorptiometry.

Table 3. Subgroup Analysis of the FLS Cohort Group.

Parameter Untreated (N = 67) Treated (N = 185) P-value

Age (Years) 81.9 ± 9.5 80.9 ± 7.6 .380
Gender (male) 26 (38.8%) 38 (20.5%) .003
ASA classification 3.06 ± .24 2.96 ± .27 .007
Complication 2 (3.0%) 15 (8.1%) .152
Hospital stays (Days) 8.8 ± 3.6 8.0 ± 3.6 .114
Mortality (1 year) 14 (20.9%) 18 (9.7%) .019
Mortality (1 month) 4 (6.0%) 0 (.0%) .001
Second hip fracture 2 (3.0%) 4 (2.2%) .705
30 days readmission 12 (17.9%) 12 (6.5%) .006
DXA scanning 39 (58.2%) 182 (98.4%) <.001

DXA: Dual-energy X-ray absorptiometry.
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mortality rates in patients following implementation of
either an FLS (HR = .84, 95% CI .75-.87) or an ortho-
geriatric service (HR = .81, 95% CI .77-.93) in the UK.
They also observed reductions in age and sex-standardized
30-day mortality (HR = .73, 95%CI .65-.82). Additionally,
their findings indicated that the number of patients needed
to be treated to prevent 1 excess death within 30 days was
17 for the FLS intervention.23

Length of stay (LOS) has been used to indicate the
efficacy of the provided care. In addition, it may be as-
sociated with a lower total cost per patient. Time to surgery
is also an essential parameter in the care of hip fracture
patients because of its association with mortality. This is
explained by the increased risk of respiratory, cardiovas-
cular, thrombotic, and infectious complications resulting
from confinement to bed and preoperative stress when
surgery is delayed.24 In this study, the real-life evidence of
an FLS in reducing the hospital LOS was observed, and the
proportion of surgery performed within 48 h after injury
increased after implementing FLS, corresponding to the
results reported in previous research. In a meta-analysis of
18 studies by Grigoryan et al, the hospital LOS decreased
with ortho-geriatric collaboration.25 In our FLS program,
the primary core is composed of orthopedic surgeons. We
have supplied pertinent evidence to other specialized
physicians, including emergency physicians and anes-
thesiologists, to underscore the importance of timely
surgery. Furthermore, as the concept of Enhanced Re-
covery After Surgery (ERAS) becomes increasingly
widespread, it promotes collaboration among multidisci-
plinary teams. These factors might help elucidate the
findings mentioned.

To the best of our knowledge, this is the first study to
report an association between the implementation of an
intensive FLS model and the 30 days readmission rate of
patients with hip fractures in a single hospital in Asia. In
our data, the effect of FLS on the 30-day readmission rate
was insignificant. A systematic review reported a median
30-day readmission rate after hip fracture was 10.1%, and
patient-related risk factors such as age, co-morbidities, and

functional status are stronger predictors of 30-day read-
mission than hospital-related factors, including the initial
LOS, hospital size, and volume, time to surgery and type of
anesthesia; besides, readmission is a strong predictor of
mortality at 1 year. Previous studies reported heteroge-
neous results concerning the LOS, with prolonged LOS
associated with both an increase and a decrease in the
readmission rate.26 More research is needed to determine
the effect of the FLS models on the 30-day readmission
rate.

Surgical management of hip fractures in older people is
challenging, and complications relating to surgery could be
devastating. The incidence of surgical complications has
been estimated in the region of 6.9%, with mechanical
failure and infection being the most common.27 Although
the surgical complication rate declined, the difference
between the 2 group did not achieve significant difference
in our study.

On the other hand, we did neither find a reduction in the
second hip fracture or subsequent fragility fracture in
patients treated using the FLS protocol. This finding has
not corresponded with other studies that showed a sig-
nificant reduction in second osteoporotic fracture rates. A
large-scale study found an 18% reduced risk of recurrent
fracture compared with patients in the period before the
FLS implementation.28 However, another study showed
that the FLS program did not reduce the risk of suffering a
second fragility fracture in patients with hip fractures.29

Moreover, 1 review article reported studies performed on
FLS programs had heterogeneous designs and study
populations.30 Therefore, further studies are needed to
determine the effect of FLS protocols on subsequent
fracture risk.

Another finding of this study was the increase in the
prescription of anti-osteoporotic drugs and DXA exams
with the implementation of the FLS program. Numerous
studies have proved that FLS increases the initiation of
osteoporosis treatment. The comparative analysis of the
Fracture Prevention Clinic in Newcastle, Australia, dem-
onstrated increased treatment rates in the FLS group after

Table 4. Multiple Logistic Regression Analysis to Determine the Factors Contributed to Death in One Year.

B S.E. O.R.

95% CI for OR

P-valueLower Upper

Age .025 .017 1.025 .992 1.060 .144
Sex (male) .715 .286 2.043 1.167 3.576 .012
ASA 1.519 .435 4.567 1.946 10.717 <.001
FLS (after) .401 .286 1.493 .852 2.618 .162
Surgery within 48 hrs -1.054 .457 .349 .142 .853 .021
Complication -.653 .635 .52 .15 1.808 .304

ASA: American Society of Anesthesiologists; FLS: Fracture liaison services; OR: Odds ratio; CI: Confidence interval.
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an average of 2 years of follow-up.31 Another study ex-
amining a cohort of postmenopausal women with hip
fractures showed that FLS might result in higher osteo-
porosis treatment rates.32 Furthermore, there is strong
evidence that FLS is associated with increased number of
patients referred for bone density assessment with DXA.
Compared to the period before FLS or usual care, there was
almost a 2- to 18-fold increase in DXA referrals.22,33–35 As
a result, our findings are comparable with previous studies.

Previous studies conducted in Australia have reported
that the implementation of FLS in rural hospitals resulted
in modest improvements in outcomes, with limited
awareness of the implications of fragility fractures.36,37 In
our hospital, although the data did not reveal a significant
reduction in the 30-day and 1-year mortality rates, as well
as the 30-day readmission rate, following the initiation of
the FLS, there was an increase in the rate of patients re-
ceiving anti-osteoporotic treatment with the im-
plementation of the FLS program. In subgroup analysis,
this increase subsequently led to a significant reduction in
the 30-day and 1-year mortality rates and the 30-day re-
admission rate compared with those who did receive anti-
osteoporotic treatment. These findings suggest that if the
FLS program prioritizes anti-osteoporotic therapy after hip
fracture, there is potential for significant improvement in
these outcomes. Nevertheless, the subgroup analysis data
revealed that among patients without anti-osteoporotic
treatment, there were more males and higher ASA clas-
sifications, which could potentially act as confounding
factors.

Age is a known risk factor for mortality in Multiple
logistic regression analysis, probably because of increased
comorbidities, fragility, and polypharmacy. Besides, the
male gender was a risk factor for higher mortality at 1-year
post-hip fracture, which was compatible with previous
studies. The men have higher early postoperative mor-
tality38 and are less likely to return to independent living or
mobility.39 In addition, efforts must be pursued to decrease
the time of surgery, as it is 1 of the mainstays of ortho-
geriatric programs. Previous studies have indicated that
delayed surgery is associated with an increased risk of
mortality and other complications.40,41 In our hospital,
98% of patients in the FLS cohort group can receive
surgery within 48 hours. It may be because orthopedic
surgeons dominate the FLS program, and we believe that
prompt surgical intervention and early rehabilitation could
positively impact long-term morbidity and mortality.

This study had several limitations. First, the sample size
was relatively small, and the follow-up period was rela-
tively short. Second, this study was a prospective cohort
study, which may have affected the interpretation of the
results. However, we acquired data from a robust, accu-
rately constructed database by trained staff. In addition, the
before-and-after design does not provide a cause-and-

effect relationship between mortality and the FLS
model. Further randomized controlled trials examining a
large sample are still necessary to understand the influence
of the FLS program and the mortality of hip fracture
patients.

Conclusion

Implementing an FLS protocol in our rural hospital in
Taiwan led to increased BMD tests and prescriptions of
anti-osteoporotic drugs for elderly hip fracture patients.
The introduction of FLS resulted in more immediate
surgeries and shorter hospital stays, potentially improv-
ing patient independence. There were no significant
differences in mortality, complication rates, or risk of
second fragility fractures or hip fractures between pa-
tients treated before and after FLS implementation.
However, FLS patients receiving anti-osteoporotic
treatment had reduced mortality and 30-day read-
mission rates. Factors contributing to higher 1-year
mortality included male gender, high ASA level, and
delayed surgery. Further research is needed to establish
the full impact of FLS care.
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