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Abstract
To determine and appraise the certainty of fracture liaison service (FLS) in reducing the risk of secondary fragility fractures in 
older adults aged ≥ 50 years and to examine the nature of the FLS and the roles of various disciplines involved in the delivery 
of the FLS. Medline, EMBASE, PubMed, CINAHL, SCOPUS, and The Cochrane Library were searched from January 1st, 
2010, to May 31st, 2022. Two reviewers independently extracted data. The risk of bias was evaluated using the Newcas-
tle–Ottawa Scale for cohort studies and the PEDro scale for randomized trials, while the GRADE approach established the 
certainty of the evidence. Thirty-seven studies were identified of which 34 (91.9%) were rated as having a low risk of bias 
and 22 (59.5%) were meta-analyzed. Clinically important low certainty evidence at 1 year (RR 0.26, CI 0.13 to 0.52, 6 pooled 
studies) and moderate certainty evidence at ≥ 2 years (RR 0.68, CI 0.55 to 0.83, 13 pooled studies) indicate that the risk of 
secondary fragility fracture was lower in the FLS intervention compared to the non-FLS intervention. Sensitivity analyses 
with no observed heterogeneity confirmed these findings. This review found clinically important moderate certainty evi-
dence showing that the risk of secondary fragility fracture was lower in the FLS intervention at ≥ 2 years. More high-quality 
studies in this field could improve the certainty of the evidence. Review registration: PROSPERO―CRD42021266408.

Keywords Bisphosphonates · Denosumab · DEXA · Fracture liaison service · Meta-analysis

Introduction

The World Health Organization (WHO) reports that osteo-
porosis contributes to nearly 9 million fractures annually [1], 
burdening healthcare settings, resulting in major economic 

consequences for society [2], and potentially negatively 
impacting the quality of life of persons who have sustained 
a fracture [3]. Between 2015 and 2016, there were 18,746 
new diagnoses of hip fractures and 93,321 hospitalizations 
of patients with a minimal trauma fragility fracture in Aus-
tralia [4]. In the United Kingdom (UK), about half a million 
people sustain a fragility fracture annually [5], and it is esti-
mated that there are 10 million people affected by osteopo-
rosis annually in the United States [6]. It is expected that the 
number of older adults with fragility fractures will increase 
due to osteoporosis, a condition characterized by low bone 
mineral density (BMD) and deterioration of bone tissue 
[5]. Osteoporosis is a leading cause of fragility fractures in 
older adults [5]. As bones age, they become less dense and 
lose strength, making them more prone to fracture with less 
force or trauma [7]. Fragility fractures occur due to osteo-
porotic changes such as low BMD, which can result from a 
variety of factors such as aging, underlying medical condi-
tions, and certain medications [7]. Other medical conditions 
that can lead to low BMD and increase the risk of fragility 
fractures include hyperparathyroidism, hyperthyroidism, 
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malabsorption disorders, and certain cancers [7]. A report 
prepared by Hernlund et al. (2013) in collaboration with 
the international osteoporosis foundation has reported that 
a majority of individuals diagnosed with one fracture related 
to osteoporosis are not identified or treated for osteoporosis 
[8].

Certain medications, such as long-term use of gluco-
corticoids, can also lead to low BMD and increase the risk 
of fragility fractures [9]. In addition to these medical fac-
tors, lifestyle factors such as a sedentary lifestyle, smoking, 
excessive alcohol consumption, and low intake of calcium, 
vitamin D, and protein supplements can also contribute to 
the development of osteoporosis and increase the risk of 
fragility fractures [9].

The economic burden of fragility fractures is expected 
to increase as the population ages, and the prevalence of 
osteoporosis and other risk factors for fractures increases 
[9]. Fragility fractures can lead to prolonged hospital stays, 
increased healthcare utilization, and decreased quality of 
life. Older adults who experience fragility fractures have 
an increased risk of mortality and disability. In addition to 
the direct costs of treating fragility fractures, there are also 
indirect costs such as lost productivity and caregiver burden. 
Reports from Asia–Pacific, Eurasia, Europe, Latin America, 
and the United States of America show that the burden of 
the economic costs incurred to treat fragility fractures is 
high [9].

In 2018, the Asian Federation of Osteoporosis Societies 
(AFOS) estimated that the 1.1 million cases of hip fractures 
in 2018 will more than double to 2.5 million cases by 2050. 
The projected cost is to increase from US $7.4 billion in 
2018 to almost US $13 billion in 2050 [10]. In addition, the 
Working Group for the Audit on the Burden of Osteoporosis 
in the Eurasian Region also reported projected increases in 
hip fractures ranging from 60 to 360% in some countries, for 
example, 310% in the Kyrgyz Republic and 360% in Uzbeki-
stan [11]. Likewise, the European Union including Swit-
zerland and the United Kingdom has estimated that there 
will be 4.3 million new fragility fractures in 2019 with a 
staggering cost of treating the fractures at Euro 56.9 billion 
(US $60.8 billion) [2].

The magnitude of the burden of fragility fractures 
in 2018 in people aged between 50 and 89 in Argentina, 
Brazil, Columbia, and Mexico was estimated at 840,000 
fractures with an associated cost of almost US $1.2 billion 
ranging from US $411 million in Mexico to US $94 mil-
lion in Columbia in 1 year [12]. Furthermore, an analysis 
commissioned in 2019 by the National Osteoporosis Foun-
dation (renamed “Bone Health and Osteoporosis Founda-
tion”) reported that during a 2-to-3-year follow-up period 
among Medicare fee-for-service beneficiaries who sustained 
a second fragility fracture, cost Medicare was estimated 
at US $6.3 billion [13]. Although the cost of sustaining a 

secondary fragility fracture is high, a report prepared by 
Hernlund et al. (2013) in collaboration with the International 
Osteoporosis Foundation has reported that a majority of 
individuals diagnosed with one fracture related to osteopo-
rosis are not identified or treated for osteoporosis in Europe, 
despite fracture liaison service (FLS) programs being pre-
sent in those countries [8]. With the high burden of fragility 
fractures and the predicted increase in the number of people 
with osteoporosis, secondary fragility fractures must be pre-
vented [9, 14]. The International Osteoporosis Foundation’s 
global flagship program “Capture the Fracture” has over 800 
FLS programs spread to 52 countries [14]. These services, 
programs, or models are designed to reduce the risk of sec-
ondary fractures [14]. While FLS has been implemented, the 
SCOPE 2021 scorecard for osteoporosis in Europe shows 
that many European countries will experience an increase 
in osteoporotic fractures from 4.28 million in 2019 to 5.05 
million in 2034. The countries with the highest increase in 
the annual number of fractures in 2034 are Germany with 
a projected 931,000 fractures and Italy with about 666,000 
fractures [2]. These significant findings indicate that iden-
tifying effective treatment strategies to prevent secondary 
fragility fractures is warranted.

FLS models have been shown in various studies to be 
cost-effective in the prevention of secondary fragility frac-
tures when used in a systematic approach with a fracture 
liaison coordinator [1, 5, 8]. They provide cost-effectiveness 
to the health service through fewer fractures and improved 
quality of life for patients [1, 5]. Evidence in various studies 
and best practice guidelines have shown that these services 
address the “osteoporosis treatment gap” by being an effec-
tive coordinated multidisciplinary liaison service that identi-
fies, investigates, and treats fragility fractures [1, 5].

The FLS model originated in Scotland and is now uti-
lized worldwide in the UK, Netherlands, Canada, USA, and 
Australia [1, 5]. Osuna et al [6]. provided a grouping sys-
tem to determine the characteristics of FLS by categorizing 
them into four types of FLS. Type A is described as a ser-
vice that identifies, initiates, and instigates treatments [6]. 
This type is the most intensive and comprehensive model 
being coordinated through a collaborative approach involv-
ing a lead champion (endocrinologist, orthopedic surgeon, 
or rheumatologist), a fracture liaison coordinator, physical 
and occupational therapists, and laboratory and radiologi-
cal professionals [6]. In the type-A model, patients at risk 
are identified after the first fragility fracture and referred to 
the FLS [6]. The type-A FLS uses a coordinated and multi-
disciplinary systematic approach to identify and evaluate 
patients who have a fragility fracture [6]. Evaluation usually 
consists of bone mineral density (BMD) using dual-energy 
x-ray absorptiometry (DXA), and blood tests to determine 
calcium and vitamin D levels are also undertaken [1, 8]. 
Treatment with bisphosphonates or a more recent drug, 
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denosumab, is considered and initiated in patients based on 
a fracture risk assessment [1, 8]. Assessing fall risk and cal-
cium and vitamin D supplementation needs is considered 
along with diet and lifestyle management interventions and 
education [1, 8]. This systematic collaborative approach is 
considered best practice [1, 5, 6]. The type-B FLS model is 
a service that identifies and investigates patients but then 
refers to the primary care service for treatment initiation 
and ongoing care [6]. The type-C model identifies patients 
at risk for further fragility fractures and informs the primary 
care physician and the patient [6]. Type-D identifies patients 
at risk of further fragility fractures and provides education 
and information to the patient without communicating their 
findings to the primary care physician or other members of 
the multi-disciplinary team [6].

Several systematic reviews have been conducted to deter-
mine the effectiveness of an FLS in reducing secondary fra-
gility fractures [6, 15–30]. These reviews, however, largely 
focused on FLS coordinators and show that a variety of mod-
els for the FLS exist and describe the different approaches 
to how clients are managed and followed up. Although the 
previous reviews [16, 22, 30] collated data on secondary 
fragility fractures, these reviews were not prospectively reg-
istered, did not appraise the certainty of the evidence, and 
findings were not interpreted based on clinical significance. 
These outcomes indicate that a fresh systematic review that 
will appraise the certainty of the current evidence and inter-
pret findings based on clinical relevance is needed to deter-
mine the best evidence synthesis on the effectiveness of an 
FLS in reducing secondary fragility fractures in older adults. 
Accordingly, the purpose of this systematic review was to 
determine and appraise the certainty of an FLS in reduc-
ing the risk of secondary fragility fractures in community-
dwelling older adults aged greater or equal to 50 years and 
to examine the nature of the FLS and the roles of various 
disciplines involved in the delivery of the FLS.

Materials and methods

Study design

This systematic review was registered with the Interna-
tional Prospective Register for Systematic Reviews (PROS-
PERO―CRD42021266408) [31] before commencement. 
The Meta-analysis Of Observational Studies in Epidemiol-
ogy (MOOSE) checklist was used to report the findings [32].

Data sources

Keywords and the search strategies were developed (eTable 
1), and an electronic database search of titles and abstracts 
was conducted on the following databases: Medline, 

EMBASE, PubMed, CINAHL, SCOPUS, and The Cochrane 
Library from January 1st, 2010, to May 31st, 2022. Google 
scholar citation tracking and manual searches of the refer-
ence lists of the included articles were also performed, and 
duplications were removed using EndNote™ X9 [33]. All 
searches (both database and manual) were performed by one 
author (NL) who had a Bachelor of Science in Nursing with 
support from GD who had a PhD.

Eligibility criteria

Articles were eligible for inclusion (eTable 2) if they met 
the following criteria: (1) full reports of randomized or 
non-randomized studies that investigated the effects of 
FLS interventions compared to non-FLS interventions, (2) 
included community-dwelling older adults (≥ 50 years) with 
an index fragility fracture of any type and/or location, and 
(3) reported secondary fragility fracture or refracture rate 
as an outcome. The duration of outcome follow-up was cat-
egorized as short-term (less than 3 months after randomi-
zation), intermediate (from 3 months to less than 1 year), 
or long-term (1 year or more) [34]. A previous systematic 
review indicated that the median follow-up duration in FLS 
studies is 2 years with the most benefit being demonstrated 
in studies with 2 or more years of follow-up [22, 35]. For 
this reason, we divided the long-term follow-up duration into 
two; long-term follow-up at 1 year and long-term follow-up 
at 2 years or longer.

Study selection and data extraction

Study selection was performed by two independent review-
ers (MD and GD). After the removal of duplicate records, 
full copies of potentially eligible papers were retrieved, 
screened, and extracted by the reviewers with disagreements 
resolved through consensus. During the review process, if 
the research team encountered differing viewpoints or inter-
pretations of the data, and to ensure the objectivity and reli-
ability of this review, these disagreements were addressed 
through consensus including (1) a review of the agreed-
upon protocol, (2) noting of discrepancies or disagreements 
emerging during independent screening, (3) discussion of 
the differences in assessments and data extraction to provide 
an opportunity for reviewers to present their arguments and 
evidence supporting their interpretations, and (4) weigh-
ing the evidence, discussing the strengths and limitations 
of individual studies, and arriving at a shared interpreta-
tion. A mediator was not invoked as the researchers did not 
experience diverging viewpoints. In the case of missing data 
or uncertainties in the eligibility criteria or results, the cor-
responding authors were contacted directly.
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Risk of bias assessment

Eligible studies were critically appraised for the risk of bias 
by two independent reviewers using the Newcastle–Ottawa 
Scale (NOS) for cohort studies [36, 37] and the Physiother-
apy Evidence Database (PEDro) Scale for randomized trials 
[38] (Table 1), with disagreements resolved through consen-
sus as reported above. This was a deviation from the original 
protocol which specified the use of the Jonna Brig’s Institute 
(JBI) Scale for quality appraisal. We found that NOS [36, 
37] and PEDro scale [38] (eMethod) are more valid and 
reliable and are easier to rate by the reviewers than the JBI 
scale which is rather complex and has no standardized scor-
ing criteria.

Certainty of the evidence

The Grades of Recommendation, Assessment, Development, 
and Evaluation (GRADE) approach was used to rate the cer-
tainty of the evidence [34]. The certainty of the evidence for 
each comparison was downgraded by one level in the pres-
ence of study limitations [39], inconsistency of results [40], 
indirectness [41], imprecision of results [42], and publica-
tion bias [43] (eMethod).

Data synthesis

We systematically grouped studies for data synthesis (eTa-
ble 3). Following the groupings, two or more studies that 
reported sufficient data (sample size and frequency/percent-
age of subsequent fractures) and homogeneity in design 
(pre-FLS vs post-FLS design), intervention (FLS), com-
parison (non-FLS intervention), outcome (secondary fragil-
ity fracture/refracture rate), and follow-up periods (short, 
intermediate, and long-term follow-ups) were pooled into a 
meta-analysis using the RevMan-5.4 software. To minimize 
heterogeneity, a random effect model (when I2 was ≥ 50%) 
or fixed-effect model (when I2 was ≤ 50%) was used during 
the meta-analyses, and sensitivity analyses were also per-
formed [34, 43]. We also assessed heterogeneity using (1) 
visual inspection of the overlap of the confidence intervals 
for individual studies in the forest plot; (2) Chi [2] test, with 
a low p-value (< 0.10) providing evidence of heterogeneity; 
and (3) I2 statistic, 0 to 40%, might not be important; 30 
to 60%, may represent moderate heterogeneity; 50 to 90%, 
may represent substantial heterogeneity; and 75 to 100%, 
considerable heterogeneity [34]. We have also considered 
the magnitude and direction of the effects. The treatment 
effects and 95% confidence intervals were calculated using 
relative risk (RR), and RR > 1.25 or < 0.75 was considered 
clinically important [42, 44].

Sensitivity analyses

Sensitivity analyses were also performed to determine the 
consistency of the meta-analysis if sufficient data were avail-
able [34]. First, outliers were planned to be removed when 
the confidence interval of an individual study did not over-
lap with the meta-analysis confidence interval [45]. Second, 
sensitivity analyses were performed using the leave-one-out 
approach in which studies with low (I2 ≤ 25%) to high het-
erogeneity (I2 ≥ 75%) were identified and removed from the 
analyses [34]. Third, meta-analyses were also planned to be 
performed by removing studies that were rated as having a 
high risk of bias (Table 1) [34].

Subgroup analyses

We performed subgroup analyses to determine the impact 
of removing non-guideline-based FLS interventions from 
the initial meta-analyses to establish if guideline-based FLS 
interventions could be used as sole treatments.

Results

Study identification

The initial database search resulted in 599 citations, of which 
274 were appropriate for full-text review. After a full-text 
review, 237 studies were excluded for not meeting one or 
more eligibility criteria (eTable 4), resulting in a total of 37 
studies [46–82] eligible for inclusion in this review (Fig. 1).

Characteristics of the included studies

A summary of the characteristics of the included stud-
ies is presented in eTable 5. Thirty-seven studies [46–82] 
conducted with 115,381 participants (mean age = 53.92; 
SD = 8.26) diagnosed with index fragility fractures were 
included in the review. The sample size of the studies 
included ranged from 81 to 10,873 (median = 393; inter-
quartile range = 199 to 3160) participants. Of the included 
studies, 19 (51.4%) [46–49, 51–56, 59, 62, 66, 70, 73–75, 
77, 82] were prospective cohorts, 15 (40.5%) [50, 57, 60, 
63–65, 67–69, 71, 72, 78–81] were retrospective cohorts, 
two (5.4%) [61, 76] were randomized trials, and one (2.7%) 
[58] was a prospective and retrospective parallel cohort. All 
the included studies reported secondary fragility fractures 
and used pharmacological interventions in their FLS pro-
grams. Additionally, 35 (94.6%) studies [46–63, 65–80, 82] 
followed-up participants for at least 1 year, one study [64] 
terminated follow-up at 6 months, and one study [81] did 
not report follow-up duration. Most of the studies included 
(23; 62.2% studies) [46–51, 55, 56, 60–63, 65, 66, 68, 69, 
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Table 1  Risk of bias of the included studies

Asterisks (*) and check marks (✓) indicate positive scores and negative signs ( −) indicate negative scores
PEDro physiotherapy evidence database

Newcastle–Ottawa scale rating for cohort studies
Selection (4 stars) Comparability (2 

stars)
Outcome (3 stars)

Studies 1 2 3 4 1a 1b 1 2 3 Total
Amphansap et al. (2016) [46] * * * * *  − * * * 8
Amphansap et al. (2020) [47] * * * * *  − * * * 8
Axelsson et al. (2016) [48] * * * * * * * *  − 8
Axelsson et al. (2020) [49] * * * * * * * *  − 8
Bachour et al. (2017) [50] * * * * *  − * * * 8
Benzvi et al. (2016) [68] *  − * *  −  − *  −  − 4
Briggs et al. (2015) [69] *  − * *  − * * *  − 6
Chien et al. (2021) [51] * * * * * * * *  − 8
Davidson et al. (2017) [52] * * * * * * * * * 9
Eekman et al. (2013) [70] *  − * *  −  − * * * 6
González-Quevedo et al. (2019) [53] * * * * * * * * * 9
González-Quevedo et al. (2022) [54] * * * * * * * * * 9
Hawley et al. (2016a) [71] *  − * *  − * * *  − 6
Hawley et al. (2016b) [72] *  − * *  − * * * * 7
Huntjens et al. (2011) [55] * * * * * * * * * 9
Huntjens et al. (2014) [56] * * * * * * * * * 9
Inacio et al. (2022) [57] *  − * *  −  − * * * 6
Indeerjeeth et al. (2018) [58] * * * * * * * *  − 8
Kim et al. (2016) [73] *  − * *  −  − * * * 6
Lüthje et al. (2021) [74] *  − * *  −  − * * * 6
Majumdar et al. (2017) [75] *  − * *  −  − * * * 6
Mugnier et al. (2019) [59] * * * * *  − * * * 8
Nakayama et al. (2015) [60] * * * * * * * * * 9
S ́anchez et al. (2020) [77] *  − * *  −  − * * * 6
Sanli et al. (2019) [62] * * * * * * * * * 9
Shimodon et al. (2020) [78] *  − * *  −  − * *  − 5
Shin et al. (2020) [63] * * * * *  − * *  − 7
Singh et al. (2019) [64] * * * * * * * *  − 8
Solomon et al. (2014) [79] *  − * *  −  − * * * 6
Sorensen et al. (2021) [65] * * * * * * * * * 9
Suzuki et al. (2017) [80] *  − * *  −  − * * * 6
Van der Kallen et al. (2014) [66] * * * * * * * * * 9
Vrignaud et al. (2018) [81] *  − * *  −  − *  − * 5
Wafie et al. (2019) [67] * * * * * * * * * 9
Yates et al. (2015) [82] *  − * *  −  − * * * 6
Total 35 20 35 35 20 18 35 33 25
PEDro scale rating for randomized studies
Studies 1 2 3 4 5 6 7 8 9 10 11 Total
Majumdar et al. (2019) [76] ✓ ✓ ✓ ✓  −  −  − ✓ ✓ ✓ ✓ 7
Osaki et al. (2021)
61

✓ ✓ ✓ ✓  −  −  − ✓  − ✓ ✓ 6

Total 2 2 2 2 0 0 0 2 2 2 2
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71, 72, 74, 76, 79–81] did not report how the follow-up was 
conducted. However, five studies (13.5%) [53, 54, 59, 67, 
78] conducted follow-up via in-person visits, five studies 
(13.5%) [57, 58, 64, 75, 82] via phone calls, three studies 
(8.1%) [70, 73, 77] via in-person visits or phone calls, and 
one study (2.7%) [52] via phone calls or postal surveys.

Risk of bias results

The risk of bias for included studies is reported in Table 1. 
The mean NOS score was 7.3 out of 9, with a range of 4 
to 9 while the mean PEDro score was 6.5 out of 10, with a 
range of 6 to 7. Overall, 34 (91.9%) studies [46–67, 69–77, 
79, 80, 82] were rated as having a low risk of bias based on 
achieving a NOS or PEDro score of 6 or more. Common 
sources of bias were failure to recruit non-exposed cohorts 
or controls (15; 40.5% studies) [57, 68–75, 77–82], failure 
to match cohorts (exposed) with controls (15; 40.5% stud-
ies) [57, 68–75, 77–82], failure to adjust for confounders 
in the analysis (17; 45.9% studies) [46, 47, 50, 57, 59, 63, 
68, 70, 73–75, 77–82], failure to account for the enrolled 
participants (10; 27.0% studies) [48, 49, 51, 58, 63, 64, 68, 
69, 71, 78], failure to blind treating practitioners (2; 5.4% 

studies) [61, 76], failure to blind outcome assessors (2; 5.4% 
studies) [61, 76], and failure to blind participants (2; 5.4% 
studies) [61, 76].

Characteristics of the FLS interventions

The included studies in this systematic review were pub-
lished between 2011 and 2022, which indicated that the 
timing of the data collection would have also influenced 
the findings of this review. All the studies included incor-
porated pharmacological interventions in their FLS pro-
grams, with 25 (67.6%) studies [46–56, 58, 59, 63–66, 69, 
71, 74–77, 80, 82] administering interventions according 
to international guidelines (eTable 5). Additionally, several 
guidelines were reported, and no more than two studies used 
the same guidelines, and in all cases, those studies were 
from the same authors; Thailand Osteoporotic Foundation 
Guidelines (Amphansap et al.) [46, 47], Swedish Treatment 
Guidelines (Axelsson et al.) [48, 49], European and IOF 
guidelines (González-Quevedo et al.) [53, 54], Dutch Osteo-
porosis Guidelines (Huntjens et al.) [55, 56], and Catch a 
Break Guideline (Majumdar et al.) [75, 76]. The most com-
monly prescribed anti-osteoporotic medications included 

Fig. 1  PRISMA flow diagram. 
From Moher D, Liberati A, 
Tetzlaff J, Altman DG, The 
PRISMA Group (2009). 
Preferred Reporting Items 
for Systematic Reviews and 
Meta-Analyses: The PRISMA 
Statement. PLoS Med 6(7): 
e1000097.  doi:10.1371/journal.
pmed1000097(for more infor-
mation, visit www. prisma- state 
ment. org)
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bisphosphonates (23; 62.2% studies) [46–49, 52–54, 56, 59, 
63, 65, 66, 70, 71, 73–79, 81, 82], denosumab (10; 27.0% 
studies) [46–49, 53, 59, 74, 77, 81, 82], teriparatide (10 
studies) [46–48, 53, 59, 63, 73, 74, 77, 81], raloxifene (3; 
8.1% studies) [59, 73, 81], strontium ranelate (3; 8.1% stud-
ies) [46, 66, 82], calcitonin nasal spray (1; 2.7% studies) 
[46], and hormonal replacement therapy (1; 2.7% studies) 
[73]. Vitamin D and calcium supplementations were also 
combined when appropriate (17; 45.9% of studies) [46, 47, 
52–54, 56–59, 64–67, 74, 77, 78, 81]. However, bisphospho-
nates which were received by 9823 participants were in most 
cases the first-line treatment for patients with normal renal 
function, while denosumab (received by 544 participants) 
was prescribed for patients with renal impairment or as a 
second-line treatment [46–49, 53, 59, 74, 77, 81, 82]. Inves-
tigations for osteoporosis included DEXA (22; 59.5% stud-
ies) [48–50, 53–57, 59, 62, 63, 65, 67, 70, 71, 73, 74, 77–79, 
81, 82] and blood testing to rule out secondary causes of 
osteoporosis (12; 32.4% studies) [53, 54, 57, 59, 64, 66, 67, 
73, 74, 77, 81, 82].

Nineteen studies (51.4%) [48–50, 53–56, 58–60, 62, 63, 
65, 66, 68, 75–78] captured those presenting to the emer-
gency department, 12 studies (32.4%) [46, 47, 51, 52, 57, 
70–72, 79–81] captured those admitted to hospital, three 
studies (8.1%) [61, 73, 74] captured those admitted to hos-
pital and those presenting to emergency department, two 
studies (5.4%) [64, 82] captured those presenting to ortho-
pedic clinic, and one study (2.7%) [67] captured those pre-
senting to neurosurgery clinic. Thirteen studies (35.1%) 
[48–50, 52, 57, 59–61, 64, 66, 70, 74, 77] reported fractures 
of any location, 11 studies (29.7%) [46, 47, 51, 53, 54, 63, 
71, 72, 78–80] reported hip fractures, three studies (8.1%) 
[65, 67, 81] reported vertebral fractures, three studies (8.1%) 
[55, 56, 62] reported non-vertebral fractures, four studies 
(10.8%) [58, 69, 73, 82] did not report fracture types, one 
study (2.7%) [68] reported fractures of the distal radius, one 
study (2.7%) [76] reported upper extremity fractures, and 
one study (2.7%) [75] reported non-hip fractures. Most of 
the reviewed studies (25, 67.6% studies) [46, 47, 50–57, 60, 
62–64, 66, 67, 69, 70, 73, 74, 77–81] used type-A FLS pro-
grams, with seven (18.9%) [48, 49, 59, 65, 71, 72, 82], three 
(8.1%) [58, 61, 68], and two (5.4%) [75, 76] studies using 
types B, C, and D FLS programs, respectively.

FLS practitioners

Most of the included studies reported the practitioners 
involved in the FLS programs (33; 89.2% studies) [46–52, 
55–62, 64–68, 70–82], with nurses (19; 57.6% studies) [46, 
47, 55–57, 62, 64–66, 70, 72–79, 82], physicians (2; 6.1% 
studies) [48, 50], general practitioners (2; 6.1% studies) [60, 
68], rheumatologists (2; 6.1% studies) [59, 81], or ortho-
geriatrician (1; 3.0% study) [72] being the most commonly 

reported FLS coordinators. These coordinators were sup-
ported in most cases by physicians (7; 36.8% studies) [46, 
47, 64, 70, 75, 76, 79], orthopedic surgeons (5; 26.3% stud-
ies) [56, 57, 64, 66, 74], general practitioners (2; 10.5% 
studies) [55, 82], endocrinologists (1; 5.3% studies) [82], 
traumatologists (1; 5.3% studies) [74], bone-health special-
ists—physicians who specialized in the management of oste-
oporosis and other bone-mineral diseases (1; 5.3% studies) 
[65], rheumatologists (1; 5.3% studies) [66], and multidis-
ciplinary team (2; 10.5% studies) [70, 77] (eTable 5). The 
primary functions of the FLS coordinators included using 
in-hospital assessments to determine the patients who are 
at high risk of osteoporosis or refracture, providing patient 
education (diets, exercise, bone health), scheduling regular 
follow-ups, and updating the database [46, 47, 55–57, 62, 
64–66, 70, 72–79, 82]. The primary functions of the pre-
scribing practitioners included the initiation of drug treat-
ment for fracture risk reduction, explaining to the patient the 
importance of drug therapy, and liaising with other health 
professionals such as radiologists (for medical imaging), 
laboratory scientists (for blood tests), and physiotherapists 
(to improve balance and muscular strength and prevent fall-
ing) [46, 47, 55–57, 64–66, 70, 74–76, 79, 82].

Data synthesis results

Meta-analyses were performed for 22 (59.5%) studies 
[46–67] that provided sufficient intermediate-term and 
long-term follow-up data for FLS interventions compared 
to non-FLS interventions. All the meta-analyzed studies 
were rated as having a low risk of bias based on achieving 
a NOS or PEDro score of 6 or more (Table 1). Of the meta-
analyzed studies, 17 (77.3%) administered FLS according to 
international guidelines [46–56, 58, 59, 63–66], 13 (59.1%) 
used DEXA for the diagnosis of osteoporosis [48, 49, 53–57, 
59, 62, 63, 65, 67], 12 (54.5%) prescribed bisphosphonates 
as the first-line treatment [46–49, 52–54, 56, 59, 63, 65, 
66], and eight (36.4%) had nurses as the FLS coordinators 
[46, 47, 55, 56, 64–66]. Additionally, 13 (59.1%) studies 
were prospective cohorts [46–49, 51–56, 59, 62, 66], seven 
(31.8%) were retrospective cohorts [50, 57, 60, 63–65, 67], 
one (4.5%) was a randomized trial [61], and one (4.5%) was 
a prospective and retrospective parallel cohort [58]. All 
forest plots and GRADE ratings are presented in Table 2 
and descriptive summaries are provided below in relevant 
subsections.

1. Intermediate-term (< 1 year but ≥ 3 months)
  There was moderate certainty evidence (publication 

bias) from five pooled studies (6590 participants) [48, 
53, 58, 61, 64] showing no significant difference (RR 
0.98, CI 0.83 to 1.16) between FLS and non-FLS groups 
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Table 2  GRADE summary of findings

FLS interven�on compared to non-FLS interven�on at intermediate-term (<1 year but ≥3 months) and long-term (1 year and ≥2 years)

Note that for the table below:

High-certainty evidence where further research is very unlikely to change confidence in the es�mate of effect. All domains are met
Moderate-certainty evidence where further research is likely to have an important impact on confidence in the es�mate of effect and may change the es�mate. One of the domains is not met
Low-certainty evidence where further research is very likely to have an important impact on confidence in the es�mate of effect and is likely to change the es�mate. Two of the domains are not met
Very-low-certainty evidence where any es�mate of effect is very uncertain. Three or more of the domains are not met

Certainty of evidence for each comparison was downgraded by one level in the presence of study limita�ons (less than 75% of studies being rated as having a high risk of bias)a, inconsistency of results (due to more than 
25% of studies showing conflic�ng results in clinically significant direc�on and/or effect or I2 > 50%)b, indirectness (due to limited applicability of the popula�on or interven�on)c, imprecision of results (sparse data of <400 
par�cipants per comparison or data from a single study)d and publica�on bias (funnel plot asymmetry when there were > 10 studies per comparison)e

Outcome Illustra�ve compara�ve risks (95% CI) Treatment effect - RR [95% 
CI]

No of par�cipants (studies) Certainty of the evidence 
(GRADE)

Comments
Assumed risk – No-FLS
interven�on

Corresponding risk – FLS 
interven�on

1) Subsequent fracture rate 
– intermediate-term (<1 
year but ≥3 months) 

Reported using frequency of 
events

76 per 1000 71 per 1000
(15 to 83)

0.98 [0.83, 1.16] 6,590 (5 studies) ○+ ○+ ○+ ○+ ○-
Moderate e

2) Subsequent fracture rate 
– long-term (at 1 year)

Reported using frequency of 
events

242 per 1000 49 per 1000
(0 to 84)

0.26 [0.13, 0.52] 1,520 (6 studies) ○+ ○+ ○+ ○- ○-
Lowb,e

The risk of subsequent 
fracture was 74% lower in 
the FLS group compared to 
the no-FLS group

3) Subsequent fracture rate 
– long-term (at 2 years and 
above)

Reported using frequency of 
events

121 per 1000 67 per 1000
(62 to 67)

0.68 [0.55, 0.83] 33,811 (13 studies) ○+ ○+ ○+ ○+ ○-
Moderate b

The risk of subsequent 
fracture was 32% lower in 
the FLS group compared to 
the no-FLS group
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in the risk of secondary fragility fracture in the interme-
diate-term follow-up.

2. Long-term (at 1 year)
  There was clinically important low certainty evidence 

(inconsistency and publication bias) from 6 pooled stud-
ies (1520 participants) [46, 47, 58, 61, 65, 66] showing 
that the risk of secondary fragility fracture was 74% 
lower (RR 0.26, CI 0.13 to 0.52) in the FLS group com-
pared to the non-FLS group at 1-year follow-up.

3. Long-term (at 2 years and above)
  There was clinically important moderate certainty evi-

dence (inconsistency) from 13 pooled studies (33,811 
participants) [49–52, 54–56, 59–63, 67] showing that 
the risk of secondary fragility fracture was 32% lower 
(RR 0.68, CI 0.55 to 0.83) in the FLS group compared 
to the non-FLS group at 2 years and above.

Sensitivity analysis results

All the meta-analyzed studies were rated as having a low risk 
of bias making sensitivity analyses by removing studies with 
a high risk of bias irrelevant. Additionally, none of the meta-
analyses contained studies with a confidence interval that 
failed to overlap with the confidence interval of the pooled 
studies, so the outlier sensitivity analysis did not change any 
findings. However, sensitivity analyses were performed by 
removing studies with low to high heterogeneity from the 
initial meta-analyses. All forest plots and GRADE ratings 
are presented in Table 3, and descriptive summaries are pro-
vided below in relevant subsections.

1. Intermediate term (< 1 year but ≥ 3 months).
Sensitivity analysis (I2 = 0%) by removing one study [58] 
showed moderate certainty evidence (publication bias) 
from four pooled studies (6,343 participants) [48, 53, 
61, 64] supporting the meta-analysis of no significant 
difference (RR 1.00, CI 0.84 to 1.18) between FLS and 
non-FLS groups in the risk of secondary fragility fracture 
among individuals aged 50 years or older.
2. Long-term (at 1 year)
Sensitivity analysis (I2 = 0%) by removing two studies 
[46, 47] showed clinically important moderate certainty 
evidence (publication bias) from four pooled studies (932 
participants) [58, 61, 65, 66] supporting the meta-analy-
sis of the superiority of FLS intervention over non-FLS 
intervention in reducing secondary fragility fracture by 
62% (RR 0.38, CI 0.25 to 0.58) among individuals aged 
50 years or older.
3. Long-term (at ≥ 2 years)
Sensitivity analysis (I2 = 0%) by removing four studies 
[49, 56, 63, 67] showed clinically important moderate 

certainty evidence (publication bias) from nine pooled 
studies (7984 participants) [50–52, 54, 55, 59–62] sup-
porting the meta-analysis of the superiority of FLS inter-
vention over non-FLS intervention in reducing second-
ary fragility fracture by 28% (RR 0.72, CI 0.62 to 0.83) 
among individuals aged 50 years or older.

Subgroup analysis results

Subgroup analyses (Fig. 2) by removing non-guideline-
based FLS interventions from the initial meta-analyses 
revealed that guideline-based FLS interventions could 
stand alone because they did not alter the results of the ini-
tial meta-analyses at intermediate-term (RR 0.99, CI 0.83 
to 1.17; I2 = 28%; p = 0.87; four pooled studies; Fig. 2a) 
[48, 53, 58, 64], 1 year (RR 0.23, CI 0.11 to 0.50; I2 = 72%; 
p = 0.0002; five pooled studies; Fig. 2b) [46, 47, 58, 65, 
66], and ≥ 2 years (RR 0.63, CI 0.48 to 0.83; I2 = 82%; 
p = 0.00008; nine pooled studies; Fig. 2c) [49–52, 54–56, 
59, 63].

Publication bias results

Funnel plots showed symmetrical distributions for both 
meta-analysis comparisons at the intermediate-term 
(< 1 year but ≥ 3 months) and long-term (2 years and above) 
follow-ups, except for long-term follow-up comparison at 
1 year which showed asymmetry. However, the small num-
ber of pooled studies (less than 10) at the intermediate-term 
follow-up indicated that this comparison could potentially 
be biased and was therefore downgraded (Table 2). Addi-
tionally, the funnel plots for sensitivity analyses (eFigure 1) 
showed symmetrical distributions at all timelines; however, 
these were also downgraded due to the small number of 
pooled studies in those comparisons (Table 3).

Discussion

This systematic review was conducted to determine and 
appraise the certainty of an FLS in reducing the risk of 
secondary fragility fractures in community-dwelling older 
adults aged ≥ 50 years and to examine the nature of the FLS 
and the roles of various disciplines involved in the deliv-
ery of the FLS. This review identified 37 studies, of which 
25 (67.6%) [46–56, 58, 59, 63–66, 69, 71, 74–77, 80, 82] 
administered FLS according to international guidelines, 33 
(89.2%) [46–52, 55–62, 64–68, 70–82] reported the practi-
tioners involved in the FLS programs, 34 (91.9%) [46–67, 
69–77, 79, 80, 82] were rated as having a low risk of bias, 
and 22 (59.5%) [46–67] were meta-analyzed. Additionally, 
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Table 3  Sensitivity analysis by removing studies with low to high heterogeneity

Note that for the table below:

High-certainty evidence where further research is very unlikely to change confidence in the es�mate of effect. All domains are met
Moderate-certainty evidence where further research is likely to have an important impact on confidence in the es�mate of effect and may change the es�mate. One of the domains is not met
Low-certainty evidence where further research is very likely to have an important impact on confidence in the es�mate of effect and is likely to change the es�mate. Two of the domains are not met
Very-low-certainty evidence where any es�mate of effect is very uncertain. Three or more of the domains are not met

Certainty of evidence for each comparison was downgraded by one level in the presence of study limita�ons (less than 75% of studies being rated as having a high risk of bias)a, inconsistency of results (due to more than 
25% of studies showing conflic�ng results in clinically significant direc�on and/or effect or I2 > 50%)b, indirectness (due to limited applicability of the popula�on or interven�on)c, imprecision of results (sparse data of <400 
par�cipants per comparison or data from a single study)d and publica�on bias (funnel plot asymmetry when there were > 10 studies per comparison)e

Outcome Illustra�ve compara�ve risks (95% CI) Treatment effect - RR [95% 
CI]

No of par�cipants (studies) Certainty of the evidence 
(GRADE)

Comments
Assumed risk – No-FLS
interven�on

Corresponding risk – FLS 
interven�on

1) Subsequent fracture rate 
– intermediate-term (<1 
year but ≥3 months) 

Reported using frequency of 
events

76 per 1000 75 per 1000
(15 to 83)

1.00 [0.84, 1.18] 6,343 (4 studies) ○+ ○+ ○+ ○+ ○-
Moderate e

2) Subsequent fracture rate 
– long-term (at 1 year)

Reported using frequency of 
events

162 per 1000 76 per 1000
(45 to 84)

0.38 [0.25, 0.58] 932 (4 studies) ○+ ○+ ○+ ○+ ○-
Moderate e

The risk of subsequent 
fracture was 62% lower in 
the FLS group compared to 
the no-FLS group

3) Subsequent fracture rate 
– long-term (at 2 years and 
above)

Reported using frequency of 
events

119 per 1000 90 per 1000
(62 to 67)

0.72 [0.62, 0.83] 7,984 (9 studies) ○+ ○+ ○+ ○+ ○-
Moderate e

The risk of subsequent 
fracture was 28% lower in 
the FLS group compared to 
the no-FLS group
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of the meta-analyzed studies, 17 (77.3%) [46–56, 58, 
59, 63–66] administered FLS according to international 
guidelines, 12 (54.5%) [46–49, 52–54, 56, 59, 63, 65, 66] 

prescribed bisphosphonates as the first-line anti-osteoporotic 
treatment, and eight (36.4%) [46, 47, 55, 56, 64–66] had 
nurses as the FLS coordinators. Moreover, 35 (94.6%) 

Fig. 2  Subgroup analysis. Subsequent fracture rates at a intermediate term (< 1 year but ≥ 3 months) and long-term (at 1 year (b) and at 2 years 
and above (c))
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studies [46–63, 65–80, 82] followed-up participants for at 
least 1 year, with only one study [64] terminating follow-up 
at 6 months. Most of the studies included (23; 62.2% studies) 
[46–51, 55, 56, 60–63, 65, 66, 68, 69, 71, 72, 74, 76, 79–81] 
did not report how the follow-up was conducted. Of the 14 
studies [52–54, 57–59, 64, 67, 70, 73, 75, 77, 78, 82] that 
reported how the follow-up data was obtained, nine studies 
(64.3%) [52–54, 58, 59, 64, 75, 77, 82] administered FLS 
according to international guidelines.

This review found low certainty evidence showing that 
the risk of secondary fragility fracture was lower in the FLS 
intervention compared to the non-FLS intervention at 1-year 
follow-up, and this outcome became steady at greater or 
equal to 2 years of follow-up with moderate certainty of the 
evidence. The treatment effects achieved in this review are 
also considered clinically important (RR > 1.25 or < 0.75) 
[42, 44] at both 1 year and greater or equal to 2 years of 
follow-ups. This compelling evidence is well-supported 
by recent systematic reviews and meta-analyses that have 
found an FLS to be effective in reducing secondary fragil-
ity fractures [16, 22, 30]. Contrary to our review, previous 
reviews did not appraise the certainty of the evidence, and 
neither did they interpret their findings based on clinical sig-
nificance [16, 22, 30]. Additionally, these reviews were not 
progressively registered which indicates the weak features of 
the reviews. These findings indicate that our current review 
is unique and has established with moderate certainty the 
overall effect of an FLS in reducing the risk of secondary 
fragility fractures in older adults.

This review also found moderate certainty showing no 
significant difference between FLS and non-FLS inter-
ventions in the risk of secondary fragility fracture in the 
intermediate-term follow-up (< 1 year but ≥ 3 months). This 
finding underscored the significance of long-term follow-up 
data in FLS programs, and this has been demonstrated by 
the clinically relevant treatment effects found in this review 
at both 1 year and greater or equal to 2 years of follow-ups. 
Additionally, 35 (94.6%) studies [46–63, 65–80, 82] in this 
review also followed-up participants for at least 1 year, with 
only one study [64] terminating follow-up at 6 months which 
further underscored the significance of long-term follow-
up data. Fracture healing depends on the dynamic balance 
between bone formation and bone resorption, and any factor 
that changes this balance can affect the fracture healing time 
and prognosis of the injury [83]. Osteoporosis is considered 
a possible risk factor that can change the dynamic balance 
between bone formation and bone resorption leading to low 
BMD and micro-architectural deterioration of bone struc-
ture, resulting in fragility and an increased fracture risk [84]. 
Anti-osteoporotic drugs, especially bisphosphonates which 
are the first-line medications, can inhibit osteoclast activi-
ties resulting in decreased bone resorption which may have 
negative effects on bone remodeling, thereby prolonging 

fracture healing [83, 84]. Given that bone remodeling can 
take months to years before it can occur, long-term anti-
osteoporotic therapies are, therefore, desirable. These find-
ings are well-supported by previous reviews which high-
lighted the significance of long-term follow-up data for 
improving secondary fragility fractures [29, 35, 85, 86] and 
osteoporosis in the elderly [87, 88].

It is important to note that the majority of the included 
studies in this review administered FLS according to inter-
national guidelines with DEXA as the most common diag-
nostic tool for osteoporosis, bisphosphonates as the first-line 
anti-osteoporotic treatment for patients with normal renal 
function, and denosumab for patients with renal impairment 
or as a second-line treatment. These findings are consistent 
with the recently published guidelines for the prevention 
of fragility fractures and the management of osteoporosis 
[89–91]. Additionally, this review also found that most of 
the included studies (33, 89.2% studies) reported the prac-
titioners involved in the FLS programs, with nurses being 
the most common FLS coordinators who were mostly sup-
ported by members of the multidisciplinary team including 
physicians, general practitioners, rheumatologists, endocri-
nologists, orthogeriatricians, orthopedic surgeons, trauma-
tologists, laboratory scientists, or physiotherapists. These 
findings are similar to previous reviews which highlighted 
the significance of FLS coordinators and multidisciplinary 
approach to preventing secondary fragility fractures in 
older adults [6, 18, 24]. Contrary to our review, previous 
reviews [6, 18, 24] did not collate evidence about the impact 
of an FLS in reducing the risk of secondary fragility frac-
ture which the current review was able to perform. These 
findings indicate that our current review would inform with 
moderate certainty the public, patients, and healthcare pro-
fessionals about the effect of an FLS in reducing secondary 
fragility fracture, the types of the FLS, and the roles of vari-
ous disciplines involved in the delivery of the FLS.

Funnel plots showed symmetrical distributions for 
both meta-analysis comparisons at the intermediate-term 
and greater or equal to 2 years of follow-ups. However, 
the small number of pooled studies (less than 10) at the 
intermediate-term follow-up indicates that this comparison 
could potentially be biased and was therefore downgraded. 
Additionally, the funnel plot for meta-analysis comparison 
at 1-year follow-up showed a lack of symmetry and was also 
downgraded due to publication bias. Moreover, the meta-
analysis comparisons in this review showed some level of 
heterogeneity, and sensitivity analyses were performed. 
The sensitivity analyses (comprising both prospective and 
retrospective cohorts) supported the findings of the meta-
analyses with moderate certainty of the evidence and no 
observed heterogeneity at all levels of follow-ups, indicat-
ing that these findings may be attributable to chance only. 
Although heterogeneity can be avoided to some extent, it can 
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never be prevented completely [92]. Therefore, this review 
failed to objectively identify the reasons for the heterogene-
ity in the meta-analysis comparisons. However, we attributed 
this problem to differences in the treatment guidelines given 
that no more than two studies used the same guidelines.

Clinical implications of this systematic review

The findings of this systematic review suggest that guide-
line-based and non-guideline-based FLS programs com-
bined showed a moderate significant reduction in second-
ary fragility fractures compared to usual care; however, the 
guideline-based FLS programs appeared to make more sub-
stantial progress in reducing secondary fragility fractures. 
This has been demonstrated by the subgroup analyses in this 
review which showed the lack of impact of removing non-
guideline-based FLS interventions to alter the results of the 
initial meta-analyses at the intermediate-term (RR 0.99, CI 
0.83 to 1.17, p = 0.87; four pooled studies) [48, 53, 58, 64], 
long-term at 1 year (RR 0.23, CI 0.11 to 0.50, p = 0.0002; 
five pooled studies) [46, 47, 58, 65, 66], and long-term 
at ≥ 2 years (RR 0.63, CI 0.48 to 0.83, p = 0.00008; nine 
pooled studies) [49–52, 54–56, 59, 63]. Evidence-based 
guidelines provide synthesized evidence and standardized 
recommendations and protocols for the establishment and 
operation of FLS programs with considerations for regional 
differences and organizational variations. Of the 25 (67.6%) 
studies [46–56, 58, 59, 63–66, 69, 71, 74–77, 80, 82] that 
administered interventions according to international guide-
lines, 19 studies (76.0%) [46–52, 58, 59, 64–66, 71, 74–77, 
80, 82], reported the practitioners involved in the FLS 
programs, with 11 studies (44.0%) [46, 47, 55, 56, 64–66, 
74–77, 82], reporting nurses as the FLS coordinators. Addi-
tionally, 19 (76.0%) studies [46–49, 52–54, 56, 59, 63, 65, 
66, 71, 74–77, 82], also prescribed bisphosphonates as anti-
osteoporotic medications, with 9 (36.0%) studies prescrib-
ing denosumab [46–49, 53, 59, 74, 77, 82] and teriparatide 
[46–48, 53, 59, 63, 73, 74, 77] each as the anti-osteoporotic 
medications. These findings indicate that the included stud-
ies were similar in their programs’ administration. However, 
it is also evident that the characteristics of the FLS are not 
homogenous in the reviewed studies making it challenging 
to determine which FLS characteristics are likely to result 
in the most clinical effectiveness. The primary character-
istics broadly included (1) identification of patients with 
fragility fracture when patients access hospital care; (2) 
evaluation of risk using different tests and/or procedures; 
(3) establishment of a diagnosis, treatment recommenda-
tions, and/or initiation; (4) outpatient follow-up either with 
the FLS or referral to primary care doctor; and finally, (5) 
education and communication with the patient’s physician 
at handover from the FLS to the primary care physician. 
Risk identification commonly included assessments such 

as previous medical history and medication exposure, fall 
risk, mobility, physical activity, tobacco use, nutrition, blood 
serum vitamin D and calcium, fracture risk, and bone den-
sity measurement. The process of identifying patients at risk 
for secondary fracture varied based on the health system; for 
example, Inderjeeth et al. [58] described the use of an emer-
gency department information system (EDIS) to identify 
patients with a minimal trauma fracture prior to discharge 
so as not to compete with emergency treatment the patient 
would be receiving (type-C FLS). In contrast, Eekman et al. 
[70] referred patients with minimal trauma fracture to the 
FLS directly from the Emergency department (type-B FLS). 
However, type-A FLS, which identifies, investigates, and 
initiates treatment without a referral to primary care physi-
cians, reported by most of the reviewed studies (25, 67.6%) 
[46, 47, 50–57, 60, 62–64, 66, 67, 69, 70, 73, 74, 77–81] 
is considered best practice [1, 5, 6, 29] and was used by 
17 (45.9%) studies [46, 47, 50–56, 59, 63, 64, 66, 69, 74, 
77, 80, 82] that administered FLS according to international 
guidelines [46–56, 58, 59, 63–66, 69, 71, 74–77, 80, 82].

A key feature of the FLS programs is the coordinator 
role. Early Identification and assessment are critical first 
steps to ensure that the patient who has sustained a fragility 
fracture is promptly evaluated to facilitate the initiation of 
evidence-based treatment. Equally important are the clini-
cians who are part of the FLS because they need to ensure 
that every patient at risk receives the comprehensive assess-
ment needed. A multidisciplinary team of clinicians with 
knowledge about osteoporosis risk and management can 
collaborate effectively to ensure that a comprehensive risk 
assessment is conducted, a tailored patient-centered treat-
ment plan is initiated, and that the patient receives sufficient 
follow-up care. Follow-up care at 2 years and longer is the 
most ideal given the antiresorptive function of the osteo-
porotic medications, the time taken for bone remodeling to 
occur and the pooled treatment effects of greater than 0.5 
(clinically important) [42, 44] at ≥ 2 years obtained in this 
current review at the initial meta-analysis, sensitivity analy-
sis, and sub-group analysis stages. These current findings 
have been supported by a recent review which reported a 
70.0% lower probability (odds ratio 0.70, CI 0.52 to 0.93, 
p = 0.01) of subsequent fractures with FLS care versus non-
FLS care with the most significant benefit being demon-
strated in studies with more than 2 years of follow-up (odds 
ratio 0.57, CI 0.34 to 0.94, p = 0.03) compared to those with 
less than or equals to 2 years of follow-up (odds ratio 0.73, 
CI 0.51 to 1.03, p = 0.07) [22, 35].

In this review, 57.0% of FLS employed nurses in their 
programs. A systematic review examining the role and 
impact of advanced practice nurses (APNs) in caring for 
patients with fragility hip fracture found that advanced 
practice nurses are optimally positioned to coordinate 
or manage clinical pathways or protocols post-fragility 
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hip fracture [93]. The review identified six characteris-
tics of APNs based on 18 studies that matched inclusion 
criteria with a total of 43,218 participants post-hip-frac-
ture including (1) coordination; (2) collaboration; (3) 
education; (4) assessment, investigation, and treatment 
recommendations; (5) discharge planning, support, and 
follow up; and (6) documentation. The review found that 
overall mortality and length of stay improved in patients 
with fragility hip fractures when characteristics of the 
APN roles were present [93]. In this current review, the 
use of nurses was evident, with nurse coordinators of 
FLS [52, 57, 73, 82] and nurse-practitioner-led FLS 
[64, 74] not only coordinating the FLS while the patient 
was in the care of the FLS but also communicating with 
the patient’s primary care provider during handover. 
However, patient compliance with the treatment plan 
and follow-up with their primary care physician could 
have an impact on sustained outcomes [30]. In addition, 
patient co-morbidities and general health are important 
considerations regarding how effective the FLS program 
may be in the long term [30].

To optimize muscle mass, BMD, and functional mobil-
ity, the evidence-based guidelines for osteoporosis, and 
fracture prevention recommend a multifaceted and tar-
geted approach that also includes basic weight-bearing 
activities and exercise such as walking [94]. However, 
we found that while all studies included in this review 
used pharmacologic interventions in their treatment plan, 
only a few studies on hip fractures [46, 47, 53, 54, 80], 
non-vertebral fractures [55], or fractures of any loca-
tion [57, 64, 70] discussed their use of physical therapy 
[53–55, 57, 64, 70] and rehabilitation [46, 47, 80] as part 
of their treatment plan. In addition, very few papers men-
tioned completing a nutritional assessment and providing 
education on dietary changes [46–49, 59, 82]. However, 
studies show that there is a positive association between 
dietary patterns and the impact on bone health. In a scop-
ing review of 49 relevant studies conducted in over 20 
countries and published between 2002 and June 2016 
that examined various outcomes, including bone min-
eral density (BMD), bone biomarkers, osteoporosis, and 
fracture incidence found that adopting healthy dietary 
patterns, that emphasized the intake of fruit, vegetables, 
whole grains, poultry and fish, nuts and legumes, and 
low-fat dairy products and de-emphasized the intake of 
soft drinks, fried foods, meat and processed products, 
sweets and desserts, and refined grains showed a ben-
eficial impact on bone health and decrease osteoporosis 
and fracture risk [95]. While prevention is always better 
than cure, recommendations to address modifiable risk 
factors such as diet and physical activity may augment the 
pharmacologic intervention aimed at reducing the risk for 
secondary fragility fractures [96].

Strengths and limitations of the reviewed studies 
and recommendations for future research

Most of the studies included in this review (25, 67.6% 
studies) administered FLS according to international 
guidelines and reported the practitioners involved in 
the FLS programs. Additionally, most of the included 
studies used DEXA for the diagnosis of osteoporosis 
(22; 59.5% studies), prescribed bisphosphonates as the 
first-line anti-osteoporotic treatment (23, 62.2% studies), 
and denosumab as the second-line treatment (10, 27.0% 
studies) which conformed with international guidelines 
[89–91]. However, it is important to note that strontium 
ranelate (received by 48 participants) was removed from 
the market [97], and also, denosumab (received by 544 
participants) is a more recent drug which was introduced 
in 2005 [71] compared to bisphosphonate (received by 
9823 participants) which was introduced in the 1960s 
[98]. Therefore, the timing of the data collection would 
have also influenced the findings of this review. Most 
of the studies included (23; 62.2% studies) [46–51, 55, 
56, 60–63, 65, 66, 68, 69, 71, 72, 74, 76, 79–81] did not 
report how the follow-up data was obtained which could 
be improved in future studies. The studies included also 
have methodological quality limitations including failure 
to recruit controls (non-exposed or non-treated cohorts), 
failure to match cohorts (exposed or treated participants) 
with controls to have the same or similar characteristics, 
such as age, sex, fracture types, and covariates with a 
large number of values or levels, such as area of resi-
dence (e.g., post code) and clinics/hospitals, failure to 
adjust for confounders (e.g., age, sex, co-morbidities, 
or covariates) in the analysis, failure to account for the 
enrolled participants, failure to blind treating practi-
tioners, failure to blind participants, and failure to blind 
outcome assessors. Although it is not possible to recruit 
controls or match cohorts with controls in retrospective 
studies, it is possible to adjust for confounders in the 
analysis and account for the enrolled participants in the 
study [99]. While it is also difficult to blind practitioners 
and patients to osteoporosis treatment, particularly in the 
case of fragility fractures, the outcome assessors can be 
blinded [100]. Another limitation of the included studies 
is the use of different guidelines for the management of 
osteoporosis which may indicate the reason for the heter-
ogeneity found in the meta-analysis comparisons in this 
review. Future studies should use guideline-based FLS 
interventions to ensure consistency and effectiveness of 
treatment, match cohorts with controls for equivalence 
of data, adjust for confounders in the analysis to ensure 
trustworthiness of data, and account for the enrolled 
participants in their studies to minimize attrition [100].
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Strengths and limitations of the current review 
and recommendations for future research

Although the previous reviews [16, 22, 30] collated data 
on secondary fragility fractures, these reviews were not 
prospectively registered, did not appraise the certainty of 
the evidence, and did not interpret their findings based on 
clinical significance which the current review was able to 
perform. Additionally, systematic reviews are of paramount 
importance when meta-analyses are performed [34]. The 
results of meta-analyses can improve the precision of esti-
mates of effect, answer questions not posed by the individual 
studies, settle controversies arising from apparently conflict-
ing studies, and generate new hypotheses [34]. This current 
review performed meta-analyses (for eligible studies) which 
were further confirmed by sensitivity and sub-group analy-
ses of the retrieved evidence. Moreover, the nature of the 
FLS and the roles of the various disciplines involved in the 
delivery of the FLS were also reported in this review. These 
significant factors indicate that the outcomes of the current 
systematic review are robust and represent for the first time, 
the best evidence synthesis on the overall effectiveness of 
an FLS in reducing the risk of secondary fragility fractures 
in older adults. The limitation of the current review is that it 
only included secondary fragility fracture as an outcome and 
failed to include other relevant outcomes (such as mortality, 
treatment initiation, and adherence) that can improve the 
overall impact of an FLS. In addition, due to the influence 
of other confounding variables such as fracture types, level 
of patient frailty prior to the fracture, co-morbidities, and 
treatment adherence, this current systematic review could 
not examine which specific components of the FLS made 
the FLS “effective”. Moreover, it is also not known if extra 
services such as fall prevention strategies were available to 
patients independently outside of the FLS, and if this was the 
case, then, they could have influenced the re-fracture rates 
which this review could not find out. Another limitation of 
the current review was the exclusion of trials not published 
in English. Although this problem may not be unrelated to 
insufficient funding and resources, it is important to note 
that excluding studies not published in English may not 
affect the overall outcomes of a systematic review [101]. 
However, we could not determine this definitively in our 
systematic review. Future reviews may, therefore, be con-
ducted to address these limitations. Organizations that have 
implemented FLS should regularly evaluate the FLS pro-
gram and include the multidisciplinary team’s role in their 
publications. Researchers that study the implementation of 
FLS to reduce secondary fragility fractures should provide 
detailed information about the FLS program including the 
exact characteristics and the processes from enrollment into 
the FLS to follow-up. Providing unique organization-related 
details provides important context. Including more specific 

details about the characteristics of the FLS would provide 
opportunities for a more robust analysis to determine the 
factors that positively impact secondary fracture prevention.

Conclusion

This review found clinically important low certainty evi-
dence showing that the risk of secondary fragility fracture 
was lower in the FLS intervention compared to the non-FLS 
intervention at 1-year follow-up, and this outcome became 
steady at greater or equal to 2 years with moderate certainty 
of the evidence. Moreover, this review also found nurses to 
be the most common FLS coordinators, DEXA as the most 
common diagnostic tool for osteoporosis, bisphosphonates 
as the first-line anti-osteoporotic treatment, and denosumab 
as the second-line treatment. However, it is important to note 
that denosumab is a more recent drug which was introduced 
compared to bisphosphonate; therefore, the timing of the 
data collection would have also influenced the findings of 
this systematic review.
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