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ABSTRACT
Fracture liaison services (FLS) are considered to be the most effective organizational approach for secondary fracture prevention. In this
study, we evaluatedwhether FLS carewas associatedwith reduced subsequent fracture andmortality risk over 3 years of follow-up. In total,
8682 consecutive patients aged 50–90 years with a recent fracture were included. Before FLS introduction, regular fracture treatment pro-
cedures were followed (pre-FLS). After FLS introduction, patients were invited to the FLS and FLS attenders were assessed for osteoporosis,
prevalent vertebral fractures, metabolic bone disorders, medication use, and fall risk, and treatment for fracture prevention was initiated
according to Dutch guidelines. All fractures were radiographically confirmed and categorized into major/hip (pelvis, proximal humerus
or tibia, vertebral, multiple rib, distal femur) and non-major/non-hip (all other fractures). Mortality risk was examined using age and sex
adjusted Cox proportional hazard models. For subsequent fracture risk, Cox proportional hazard models were adjusted for age, sex, and
competing mortality risk (subdistribution hazard [SHR] approach). The pre-FLS group consisted of 2530 patients (72% women), of whom
1188 (46.9%) had major/hip index fractures, the post-FLS group consisted of 6152 patients (69% women), of whom 2973 (48.3%) had
major/hip index fractures. In patients with a non-major/non-hip fracture therewas no difference in subsequent non-major/non-hip fracture
risk or mortality between pre-FLS and post-FLS. In patients with a major/hip index fracture, mortality risk was lower post-FLS (hazard ratio
[HR] 0.84; 95% confidence interval [CI], 0.73–0.96) and subsequentmajor/hip fracture risk was lower in the first 360 days after index fracture
post-FLS compared to pre-FLS (SHR 0.67; 95% CI, 0.52–0.87). In conclusion, FLS care was associated with a lower mortality risk in the first
3 years and a lower subsequent major/hip fracture risk in the first year in patients with a major/hip index fracture but not in patients with
a non-major/non-hip fracture. © 2022 The Authors. Journal of Bone and Mineral Research published by Wiley Periodicals LLC on behalf of
American Society for Bone and Mineral Research (ASBMR).
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Introduction

Patients with a recent fracture have an increased risk of sub-
sequent fractures andmortality.(1-3) Subsequent fracture risk

changes over time and is the highest immediately after an initial
fracture.(4) Besides the increased subsequent fracture risk, mor-
tality risk is also increased during the first 5 years after a fracture,
even after a non-hip fracture.(2) Despite the proven effectiveness
of anti-osteoporosis treatment in reducing subsequent fractures,
only a minority of patients with a recent fracture receive appro-
priate fracture risk evaluation and treatment.(5) Therefore, frac-
ture liaison services (FLS) have been developed and
implemented to identify, evaluate, and treat patients with an
increased risk of subsequent fractures, namely those with a
recent fracture. The overall aim of the FLS is to increase the num-
ber of patients receiving appropriate fracture risk evaluation and
treatment to reduce subsequent fracture risk.(6-8)

The effectiveness of FLS in terms of subsequent fracture
reduction and reduction of mortality has been summarized in
several reviews,(9-11) suggesting variable impacts on mortality
and subsequent fracture risk. In a recently published meta-anal-
ysis, Li and colleagues(12) concluded that FLS care was associated
with a lower probability of subsequent fractures (odds ratio
[OR] 0.70; 95% confidence interval [CI], 0.52–0.93) in the overall
comparison, as well as in the post-FLS versus pre-FLS comparison
(OR 0.62; 95% CI, 0.42–0.91). With respect to the outcomemortal-
ity, they concluded that FLS care was not associated with
reduced mortality in the overall comparison (OR 0.73; 95% CI,
0.40%–1.09%), whereas in the post-FLS versus pre-FLS studies
mortality risk was reduced by 35% (OR 0.65; 95% CI, 0.44%–
0.95%). The systematic review by Li and colleagues(12) was based
on a limited number of heterogeneous studies, limited lengths of
follow-up, mixed groups (ie, before and after the introduction of
an FLS in the same hospital [post-FLS versus pre-FLS] or between
hospitals with and without FLS) and most studies did not apply a
competing mortality risk analysis when analyzing subsequent
fracture risk.

Our aimwas to evaluate whether FLS care was associated with
a reduced subsequent fracture and mortality risk within 3 years
after a major/hip or non-major/non-hip index fracture.

Patients and Methods

Study design and population

This study was designed as a retrospective cohort study and con-
ducted among all consecutive patients aged 50 to 90 years pre-
senting with an index fracture at the Emergency Department
(ED) of VieCuri Medical Center (Venlo, the Netherlands) from
January 2005 until December 2013. Only patients with radio-
graphically confirmed fractures living in the referral area of this
hospital were included. The study was approved by the institu-
tional review board of VieCuri Medical Center (CEM 14-011).

Outline of the FLS

The FLS was initiated at the end of 2007 at the outpatient clinic at
the department of Internal Medicine in close collaboration with
the departments of trauma surgery and orthopedic surgery of
VieCuri Medical Center. Our staff consisted of a fulltime nurse
and two endocrinologists. Patients visiting the ED between
January 2005 until December 2007 received regular fracture

treatment by trauma surgeons or orthopedic trauma surgeons
and were grouped into the “pre-FLS” group.

The “post-FLS” group consisted of patients who visited the ED
between January 2008 and December 2013. In this period, a
trained nurse systematically selected all patients with a clinical
fracture based on diagnostic codes on a monthly basis. Patients
were invited to the FLS if they were aged 50–90 years, had a
radiographically confirmed fracture, and lived in the referral area
of VieCuri Medical Center. Patients were not invited to the FLS if
they had a fracture of the skull, fractures due to failure of a pros-
thesis, osteomyelitis, metastasis, an active malignancy, or Paget’s
disease. If patients were admitted to the hospital, ie, because of
hip fracture, then screening and invitation was repeated during
the next month’s screening.

All patients received an invitation letter. If the patient did not
respond to the invitation letter, a reminder letter was sent the
next month. All patients who responded positively and visited
the FLS completed a detailed questionnaire on demographics,
calcium and vitamin D intake (including supplements), comor-
bidities, medication use, and clinical risk factors for falls and
fractures according to the Dutch national guideline.(13) Further,
in all patients bone mineral density (BMD) was assessed by
dual energy X-ray absorptiometry (DXA) (Hologic QDR 4500;
Hologic, Bedford, MA, USA) at the lumbar spine, total hip, and
femoral neck, and categorized according to the World Health
Organization (WHO) guideline as normal BMD (T-score ≥ �1.0),
osteopenia (T-score < �1.0 and > �2.5), and osteoporosis
(T-score ≤ �2.5). In addition, a standard blood sample was col-
lected and analyzed to diagnose underlying contributors to
secondary osteoporosis and metabolic bone disorders as previ-
ously reported by Bours and colleagues.(14) From 2011 onward,
after the implementation of the Dutch national guideline on oste-
oporosis and fracture prevention, vertebral fracture assessment
(VFA) was performed at the same time as the BMD
measurements.(13)

An appointment at the FLS consisted of a consultation with a
specialized nurse and an endocrinologist. Based on the medical
history, comorbidities, BMD and VFA results, calcium intake,
and serum 25(OH)D levels, patients were counseled on lifestyle,
including nutrition, exercise, alcohol, smoking, and fall risks,
and treatment was initiated with anti-osteoporosis medication
(AOM) and calcium and vitamin D supplements according to
the national guideline for treatment of osteoporosis and fracture
prevention.(13) If contributors for secondary osteoporosis and
metabolic bone disorders were diagnosed, treatment was initi-
ated according to the specific guidelines for those disorders.

Data collection and outcome measures

For all patients, data were collected retrospectively by yearly
anonymized exports of the electronic patient records. The fol-
lowing baseline data were collected: gender, age, index fracture
location, and date. All index and subsequent fractures were
grouped into hip and major fractures (pelvis, proximal humerus
or tibia, vertebral, multiple rib, distal femur) and non-major/
non-hip according to Center and colleagues.(15) Patients were
followed from their index fracture date until death, first subse-
quent fracture (same groupings as index fractures; ie, major/hip
or non-major/non-hip) or end of follow-up, whichever came first.
All patients were followed for a maximum of 3 years. The data
regarding the outcome of subsequent fractures were obtained
by diagnostic codes and additional verification of the radiology
reports; only radiographically confirmed fractures were included
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in the analyses. Subsequent fractures due to failure of a prosthe-
sis, osteomyelitis, malignancy, and Paget’s diseases, and
fractures of the skull were excluded. In case a fracture in the
post-FLS period was a subsequent fracture from the pre-FLS
period, this was counted as index fracture for the post-FLS period
as well. Data regarding the outcome mortality were obtained by
the national death registration database, providing only the date
of death. For this study, data of patients who emigrated were
excluded. Data on the yearly FLS attendance rate and the pro-
portion of patients that received a prescription for AOM were
retrieved on a group level.

Statistical analyses

Data were analyzed using Cox proportional hazard models with
mortality or subsequent fracture as event. The proportional haz-
ards assumption was tested using time-dependent Cox regres-
sion analyses with interaction with time tested for each
baseline variable separately. In case of violation, the analyses
were separated in two time intervals and the �2LogLikelihood
were compared between models with different cut-off points
to identify the best cut-off (ie, the model with the lowest
�2LogLikelihood). All analyses were performed with adjust-
ments for age (decades) and gender. To adjust for the competing
risk of mortality, the subdistribution hazard approach (SHR) by
Fine and Gray(16,17) was applied for the analyses with subsequent
fracture as outcome. Explorative subgroup analyses with mortal-
ity and subsequent fractures as outcomes were performed for
gender, age decades and index fracture type. Sensitivity analyses
for both mortality and subsequent fractures were performed
with classification of index fracture location as major osteopo-
rotic fractures (MOFs; including wrist, humerus, spine, hip frac-
tures) and non-MOFs (all other fracture types) according to the
International Osteoporosis Foundation (IOF) classification.(18)

Further, as a consequence of the formal tracking of individuals,
their invitation and attendance to the FLS introduced a median
lag time of 125 days between index fracture and FLS visit. There-
fore, sensitivity analyses were performed for mortality and sub-
sequent fractures with follow-up initiated at day 126 to
minimize immortal time bias(19) for the total post-FLS group, as
well for FLS attenders and non-attenders separately. All statistical
analyses were performed using SAS version 9.4 (SAS Institute,
Inc., Cary, NC, USA).

Results

A total of 8682 consecutive patients aged 50–90 years with a
clinical index fracture was included. The pre-FLS group consisted

of 2530 patients with a recent fracture (1832 [72.4%] women)
with a mean � standard deviation (SD) age of 68.2 � 11.7 years
of whom 365 (14.4%) had a hip fracture, 704 (27.8%) a major frac-
ture, and 1460 (57.7%) a non-major/non-hip fracture (Table 1). Of
all patients in the pre-FLS group, 131 sustained a subsequent
fracture in the post-FLS period. The post-FLS group consisted
of 6152 patients (4244 [69.0%] women), with a mean age of
68.2 � 11.0 years. In this group, 763 (14.1%) patients had a hip
fracture, 1944 (31.7%) a major fracture, and 3445 (54.2%) a
non-major/non-hip fracture (Table 1). In the post-FLS group,
53% attended the FLS, of whom 40% had an indication for treat-
ment with AOM. The median follow-up for both mortality and
subsequent fractures was 1095 days.

Mortality

In patients presenting with amajor/hip index fracture, the cumu-
lative mortality during the 3-year follow-up period was signifi-
cantly lower in the post-FLS group (n = 668; 22.5%) compared
to the pre-FLS group (n = 308; 25.9%; p = 0.019), whereas in
patients presenting with a non-major/non-hip index fracture
mortality pre-FLS and post-FLS was comparable, 9.3% pre-FLS
versus 8.0% post-FLS respectively (p = 0.122).

In patients with a major/hip index fracture, the adjusted mor-
tality risk was significantly lower in the post-FLS group (HR 0.84;
95% CI, 0.73–0.96). In patients with a non-major/non-hip index
fracture, there was no difference in mortality risk between pre-
FLS and post-FLS (Table 2).

In subgroup analyses, mortality risk post-FLS was significantly
lower in patients with a major index fracture, in patients aged
80+ years and in women (Fig. 1). In men and the age group
70–79 years, the analyses were separated in two time intervals
due to violation of the proportional hazard assumption. In men,
mortality risk was significantly lower in the first 330 days after a
major/hip index fracture in the post-FLS group and in patients
aged 70–79 mortality risk was significantly lower in the first
480 days after a major/hip index fracture (Fig. 1).

Subsequent fractures

The cumulative incidence of a subsequent major/hip fracture
after major/hip index fracture during the 3-year follow-up period
was comparable between pre-FLS and post-FLS, 6.0% and 5.6%,
respectively (p = 0.616). Further, the cumulative incidence of
subsequent non-major/non-hip fracture after non-major/non-
hip index fracture was 3.3% pre-FLS and 3.2% post-FLS
(p = 0.852).

The risk of a subsequent major/hip fracture after a major/hip
index fracture was significantly lower in the first 360 days after

Table 1. Baseline Characteristics of All Patients With a Major or Hip Index Fracture and Non-Major/Non-Hip Index Fracture Before (Pre-
FLS) and After (Post-FLS) the Introduction of the FLS

Major/hip index fracture Non-major/non-hip index fracture

Characteristic Pre-FLS (n = 1188) Post-FLS (n = 2973) Pre-FLS (n = 1557) Post-FLS (n = 3607)

Female (%) 72.8 68.4 71.3 68.8
Age (years), mean � SD 72.6 � 10.4 72.2 � 11.0 65.9 � 10.4 65.9 � 10.4
50–59 (%) 15.8 17.4 34.2 33.3
60–69 (%) 18.0 21.4 27.7 30.7
70–79 (%) 33.7 28.8 24.9 22.5
80–90 (%) 32.5 32.5 13.2 13.5
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index fracture post-FLS compared to pre-FLS, taking the compet-
ing risk of death into account (SHR 0.67; 95% CI, 0.52–0.87), but
there was no difference in the second period (SHR 1.29; 95% CI,
0.97–1.73) (Table 3). There was no difference in the risk of subse-
quent non-major/non-hip fracture risk after a non-major/non-
hip index fracture between pre-FLS and post-FLS.

In subgroup analyses, women and patients with a major index
fracture had a significantly lower risk of subsequent major/hip
fractures within the first 360 and 210 days after index fracture,
respectively (Fig. 2).

Sensitivity analyses in patients with MOF

The adjusted mortality risk in patients with an index MOF
(wrist, humerus, spine, hip fracture) was significantly lower in
the post-FLS group (HR 0.79; 95% CI, 0.70–0.91). There was no
difference in subsequent MOF fracture risk after an index MOF
fracture between pre-FLS and post-FLS.

In subgroup analyses, mortality risk was lower in women post-
FLS (Fig. SS1). In men, mortality risk was lower in the first 330 days
after an index MOF fracture (HR 0.63; 95% CI, 0.46–0.86), but there

Table 2. Multivariable Cox Regression Model for Mortality Risk During 3 Years of Follow-Up in Patients With a Major/Hip Index Fracture
and Patients With a Non-Major/Non-Hip Index Fracture

Major/hip index fracture Non-major/non-hip index fracture

Parameter Number of deaths Hazard ratio (95% CI) Number of deaths Hazard ratio (95% CI)

Pre-FLS 308 Reference 145 Reference
Post-FLS 668 0.84 (0.73–0.96) 290 0.86 (0.70–1.04)
Men 345 Reference 135 Reference
Women 631 0.56 (0.49–0.64) 300 0.61 (0.50–0.75)
Age at fracture (years)

50–59 23 Reference 38 Reference
60–69 81 3.20 (2.01–5.09) 56 1.81 (1.20–2.74)
70–79 261 7.61 (4.97–11.66) 122 5.44 (3.76–7.86)
80 and older 611 20.90 (13.76–31.73) 219 19.91 (14.03–28.26)

Major/hip: fractures of hip, pelvis, proximal humerus or tibia, vertebral, multiple rib, distal femur. Non-major/non-hip: all others.

Fig. 1. Mortality risk after a major or hip index fracture during 3 years of follow-up, starting from date of index fracture.
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was no difference in the second period. Mortality risk was lower in
post-FLS patients aged 70–79 years, in patients aged 80 years,
and in patients with an index clinical vertebral fracture.

In subgroup analyses, there was no difference in subsequent
MOF fracture risk after an index MOF fracture between pre-FLS
and post-FLS (Fig. S2).

Table 3. Multivariable Cox Regression Model for Subsequent Major/Hip Fracture Risk After Major/Hip Index Fracture, and Subsequent
Non-Major/Non-Hip Fracture After Non-Major/Non-Hip Index Fracture for 3 Years Follow-Up, Starting From Date of Index Fracture

Major/hip index fracture Non-major/non-hip index fracture

Parameter
Number
of events

Hazard ratio
(95% CI) SHR (95% CI)

Number
of events

Hazard ratio
(95% CI) SHR (95% CI)

Pre-FLS 153 Reference Reference 83 Reference Reference
Post-FLS 199 1.03 (0.80–1.33) 1.04 (0.81–1.35)
Post-FLS ≤ 360 days 153 0.66 (0.51–0.85) 0.67 (0.52–0.87)
Post-FLS > 360 days 192 1.25 (0.94–1.68) 1.29 (0.97–1.73)

Men 112 Reference Reference 62 Reference Reference
Women 386 1.26 (1.02–1.56) 1.41 (1.14–1.74) 220 1.49 (1.12–1.99) 1.52 (1.14–2.02)
Age at fracture (years)
50–59 52 Reference Reference 81 Reference
60–69 73 1.19 (0.83–1.70) 1.14 (0.80–1.63) 86 1.14 (0.84–1.55) 1.13 (0.84–1.53)
70–79 160 1.93 (1.41–2.64) 1.71 (1.26–2.34) 66 1.13 (0.81–1.57) 1.09 (0.79–1.51)
80 and older 213 2.91 (2.15–3.96) 2.12 (1.57–2.87) 49 1.65 (1.15–2.37) 1.39 (0.97–2.00)

Major/hip: fractures of hip, pelvis, proximal humerus or tibia, vertebral, multiple rib, distal femur. Non-major/non-hip: all others.
SHR = subdistribution hazard ratio.

Fig. 2. Subsequent major or hip fracture risk after a major or hip index fracture during 3 years of follow-up, starting from date of index fracture.
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Sensitivity analyses with follow-up initiated at 126 days
after fracture

In the analyses where day 126 after the index fracture was used
as the first day of follow-up, the adjusted mortality risk was sig-
nificantly lower in the post-FLS group in patients with a major/
hip index fracture (HR 0.79; 95% CI, 0.67–0.93) and in patients
with an index MOF (HR 0.75; 95% CI, 0.64–0.88). There was no dif-
ference in subsequent major/hip fracture risk after a major/hip
index fracture, or subsequent MOF risk after an index MOF
between pre-FLS and post-FLS (HR 1.00 [95% CI, 0.79–1.27]; HR
0.93 [95% CI, 0.55–1.14], respectively).

In FLS attenders with a major/hip index fracture, the adjusted
mortality risk was significantly lower (HR 0.43; 95% CI, 0.34–0.56)
compared to the pre-FLS group, whereas the adjusted mortality
risk was not different in FLS non-attenders (HR 1.05; 95% CI,
0.88–1.25). The subsequent major/hip risk after a major/index
fracture, both in attenders and non-attenders, was not signifi-
cantly different as compared to the pre-FLS group (SHR 0.80
[95% CI, 0.60–1.07] in attenders; SHR 1.18 [95% CI, 0.93–1.53] in
non-attenders, respectively).

In accordance with the main analyses, the major/hip subse-
quent fracture risk after a major/hip index fracture was lower in
the FLS attenders in the first 360 days after index fracture com-
pared to the pre-FLS group (SHR 0.62; 95% CI, 0.40–0.95),
whereas in non-attenders there was no difference (SHR 0.99;
95% CI, 0.70–1.38). In the late post-FLS period (from 360 days
onward), subsequent major/hip fracture risk was not different
in FLS attenders (SHR 1.00; 95% CI, 0.67–1.50), but higher in
non-attenders (SHR 1.42; 95% CI, 1.00–1.99) presenting with a
major/hip index fracture.

Discussion

In the present study, we found that the adjusted mortality risk in
patients with a major/hip index fracture was 16% lower in the
post-FLS group as compared to the pre-FLS group. Further, sub-
sequent major/hip fracture after a major/hip index fracture was
33% lower in the first 360 days after index fracture post-FLS com-
pared to pre-FLS, taking the competing risk of death into
account. However, in patients with a non-major/non-hip index
fracture, there was no difference in mortality or subsequent frac-
ture risk between post-FLS and pre-FLS.

Studies on the effectiveness of the implementation of an FLS
in terms of subsequent fracture risk reduction and mortality are
heterogeneous, with respect to the length of follow-up (most
often 2 years or less), the design of the study (ie, post-FLS versus
pre-FLS comparison, or comparison of hospitals with and with-
out FLS), the included study population (age, index fracture
types), and the classifications of groups of fractures, and most
previous studies did not apply a competing mortality risk analy-
sis when analyzing subsequent fracture risk.(12)

The finding of a 33% lower 3-year mortality risk in our study is
in line with the recent published meta-analysis of Li and
colleagues,(12) showing a 35% lower probability of mortality
post-FLS compared to pre-FLS. Because five out of the six studies
included in themeta-analysis had a follow-up duration of 2 years
or less, and the only study with a median pre-post FLS follow-up
period >2 years in that meta-analysis had a post-FLS follow-up
period of 1.5–1.7 year,(20) our study is the first that indicates a
longer-term mortality reduction 3 years after implementation
of FLS care.

We found a 33% lower subsequent major/hip fracture risk
post FLS, in the first year after a major/hip index fracture, taking
the competing risk of death into account. Due to violation of the
proportional hazards assumption, we did not analyse the risk of
subsequent fractures during the complete follow-up period of
3 years, rather the analyses were separated into two time inter-
vals. However the finding of a lower subsequent fracture risk in
the first period followed by a nonsignificant difference in the sec-
ond period suggests that FLS care is associated with a longer-
term subsequent fracture risk reduction. Regarding the risk of
subsequent fractures, there are four published FLS studies that
used the competing risk analysis method described by Fine
and Gray.(16,20-23) Hawley and colleagues(21) reported a lower
mortality risk, but no difference in the risk of subsequent hip frac-
tures in the first year after an index hip fracture, after implemen-
tation of orthogeriatric and nurse-led FLS models. By using the
subdistribution hazard approach by Fine and Gray,(16) patients
who died before sustaining a subsequent fracture (event of inter-
est) are not censored, but these patients retain in the risk set for
sustaining a subsequent fracture. If the competing risk of mortal-
ity is ignored, the incidence of subsequent fractures is overesti-
mated. By taking the competing risk of death into account, a
true estimate of the subsequent fracture risk is presented. Axels-
son and colleagues(20) reported an SHR of 0.73 (95% CI, 0.66–
0.82) for subsequent MOFs after an index MOF, including pelvis
fractures as MOFs, with a median FLS follow-up of 1.7 years,
which is in line with our study. Nakayama and colleagues(22)

reported an SHR of 0.67 (95% CI, 0.47–0.95) for subsequent frac-
tures over 3 years when comparing an FLS hospital with no-FLS
hospital. Compared to our study, the study of Nakayama and col-
leagues(22) did not compare a pre-post FLS period but showed a
comparison of a FLS hospital versus a non-FLS hospital, had a
smaller sample size, and the 3-year incidence of fractures (11%
post-FLS and 6% pre-FLS) was substantially higher than in our
study. Furthermore, in that study there was no violation of the
proportional hazard assumption. Davidson and colleagues(23)

reported an SHR of 0.58 (95% CI, 0.35–0.95) for subsequent frac-
tures over 3 years when comparing the effectiveness of a nurse-
led FLS versus pre-FLS in patients with a minimal trauma fracture
(MTF). MTFs were defined fractures from femur, tibia, fibula,
ankle, pelvis, humerus, and wrist resulting from a standing
height or less. The 3-year incidence of fractures in this small
study of 140 patients aged 45 years and older was markedly
higher as compared to our study (10.5% post-FLS versus 19.1%
pre-FLS).(23) Overall, the findings of our study and the four other
studies on subsequent fracture risk, indicate that FLS care is asso-
ciated with a lower risk of subsequent fractures in the first
2 years after FLS implementation, when taking the competing
risk of death into account. Studies reporting longer-term benefits
in subsequent fracture risk reduction, especially when taking
competing mortality risk into account, are currently lacking in
FLS literature.

We found no difference in mortality and non-major/non-hip
subsequent fracture risk in patients presenting with a non-
major/non-hip fracture. Only Huntjens and colleagues,(24)

Nakayama and colleagues,(22) and Shin and colleagues(25)

evaluated the outcomes of FLS-care in patients with a non-
major/non-hip index fracture and distal radius fractures, respec-
tively. Huntjens and colleagues(24) reported that subsequent
fracture and mortality risk in patients with a minor fracture
between a non-FLS and FLS hospital was not reduced, but the
competing risk of death was not taken into account. In line with
our study, Nakayama and colleagues(22) reported that the
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reduction of minor refractures was not as pronounced as the
reduction in major refractures between the FLS-hospital and
non-FLS hospital, but due to small the number of events, the
authors did not perform a separate subgroup analysis for
patients with a minor fracture. Shin and colleagues(25) evaluated
the effect of osteoporosis care after a distal radius fracture and
reported a risk reduction of 65% for subsequent fractures, but
the competing risk of death was not taken into account.

The early benefits in terms of subsequent fracture risk reduc-
tion, in the first year after index fracture combinedwith the lower
3-year mortality risk in this study can only partially be explained
by the use of AOM because only 40% of the FLS attenders were
treated with AOM. It is likely that improvements of fracture-
related procedures in combination with the integrated approach
after implementation of FLS care resulted in favorable outcomes
in the post-FLS period. FLS attenders were extensively evaluated,
not only by BMD measurement and VFA, but also for the pres-
ence of underlying metabolic bone disorders (including calcium
and vitamin D deficiencies). Furthermore, next to initiation of
AOM, comorbidities were treated, medication was reviewed
and optimized, and patients were followed up to a year
postfracture.

The outcome of FLS care as presented in this study could
potentially be further improved by reaching higher FLS atten-
dance rates, because only 53% of patients with a fracture visited
our FLS. Furthermore, at the time of FLS care in this study, alen-
dronic acid was the first choice AOM according to the Dutch
guideline, zoledronic acid was hardly used, denosumab was
not available in the first years of the post-FLS period (introduced
in the Netherlands in 2011), and teriparatide treatment could
only be prescribed in patients who had a third fracture during
treatment with an oral bisphosphonate.(13) Although oral
bisphosphonates have proven their effect in fracture risk reduc-
tion in clinical trials in patients with an increased fracture risk (ie,
osteoporosis), real-life persistence with this type of medication is
often poor, which might in turn dilute the fracture risk reduction.
Klop and colleagues(26) evaluated persistence with bisphospho-
nates in newly treated fracture patients in the Netherlands and
concluded that persistence was 75% 1 year after treatment initi-
ation and only 45% 5 years after initiation, respectively. More
recently, the treatment options for fracture prevention have
been enlarged with teriparatide and romosozumab, bone form-
ing agents, which have early and superior fracture risk reductions
as compared to oral bisphosphonates. Therefore, it has to be
advocated that future studies evaluating the FLS should include
all treatment options for osteoporosis including treatment per-
sistence rates as well. Further, these future studies should have
a longer follow-up period (ie, 5 years) and, as advised by Li and
colleagues,(12) the competing risk of mortality should be taken
into account while exploring the FLS effect on subsequent
fracture risk.

This study has strengths and limitations. A strength of this
study is that we were able to evaluate all patients with radio-
graphically confirmed index fracture and subsequent fractures.
Further, we included all consecutive patients, including those
who did not attend the FLS. Although this approach might result
in a dilution of the FLS effect, especially in subsequent fracture
risk, we consider this as the proper method to evaluate the
real-life outcome of FLS care and to minimize selection bias.
Our analyses were performed including the competing risk of
mortality. Ignoring this competing risk could introduce bias in
the estimation of fracture risk. An important limitation of this
study is that we were not able to identify the FLS attenders on

an individual level, in whom treatment was initiated either with
AOM or underlying causes and we have no data on treatment
persistence during follow-up.

In conclusion, FLS care was associated with a lower mortality
risk in the first 3 years and a lower subsequentmajor/hip fracture
risk in the first year in patients with amajor/hip index fracture but
not in patients with a non-major/non-hip fracture. Although the
early benefits suggests that themultidisciplinary approach at the
FLS could improve the outcomes of patients with a recent frac-
ture, there is still a window of opportunity by increasing FLS
attendance and treatment rates, the use of anabolic medication,
and long-term follow-up with attention to treatment adherence.
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