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Abstract

Summary Randomized clinical trials and observational studies on the implementation of clinical governance models, in
patients who had experienced a fragility fracture, were examined. Literature was systematically reviewed and summarized
by a panel of experts who formulated recommendations for the Italian guideline.

Purpose After experiencing a fracture, several strategies may be adopted to reduce the risk of recurrent fragility fractures
and associated morbidity and mortality. Clinical governance models, such as the fracture liaison service (FLS), have been
introduced for the identification, treatment, and monitoring of patients with secondary fragility fractures. A systematic review
was conducted to evaluate the association between multidisciplinary care systems and several outcomes in patients with a
fragility fracture in the context of the development of the Italian Guidelines.

Methods PubMed, Embase, and the Cochrane Library were investigated up to December 2020 to update the search of the
Scottish Intercollegiate Guidelines Network. Randomized clinical trials (RCTs) and observational studies that analyzed
clinical governance models in patients who had experienced a fragility fracture were eligible. Three authors independently
extracted data and appraised the risk of bias in the included studies. The quality of evidence was assessed using the Grading
of Recommendations Assessment, Development, and Evaluation methodology. Effect sizes were pooled in a meta-analysis
using random-effects models. Primary outcomes were bone mineral density values, antiosteoporotic therapy initiation,
adherence to antiosteoporotic medications, subsequent fracture, and mortality risk, while secondary outcomes were quality
of life and physical performance.

Results Fifteen RCTs and 62 observational studies, ranging from very low to low quality for bone mineral density values,
antiosteoporotic initiation, adherence to antiosteoporotic medications, subsequent fracture, mortality, met our inclusion crite-
ria. The implementation of clinical governance models compared to their pre-implementation or standard care/non-attenders
significantly improved BMD testing rate, and increased the number of patients who initiated antiosteoporotic therapy and
enhanced their adherence to the medications. Moreover, the treatment by clinical governance model respect to standard care/
non-attenders significantly reduced the risk of subsequent fracture and mortality. The integrated structure of care enhanced
the quality of life and physical function among patients with fragility fractures.

Conclusions Based on our findings, clinicians should promote the management of patients experiencing a fragility fracture
through structured and integrated models of care. The task force has formulated appropriate recommendations on the imple-
mentation of multidisciplinary care systems in patients with, or at risk of, fragility fractures.

Keywords Fracture liaison service - Fragility fracture - Secondary prevention - Systematic review

Introduction

Fragility fractures impose a massive burden on health care
systems and the global community [1]. Such fractures are
Extended author information available on the last page of the article the hallmark of osteoporosis, causing high morbidity, loss
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of independence, and negatively affecting the quality of life
[2]. People who have experienced a fragility fracture (i.e.,
spontaneous or low-traumatic) have a greater fracture risk
immediately after the event [3]. However, antiosteoporotic
therapy administered soon after a fragility fracture may miti-
gate this risk [4]. Unfortunately, temporary or permanent
medication discontinuation are frequent (> 50-80%), espe-
cially in secondary prevention [5, 6].

The detection of a major fragility fracture (i.e., spontane-
ous fracture or fracture resulting from a low-impact trauma/
fall from standing height or less, occurring at the vertebral
bodies, proximal hip, wrist, or humerus) is crucial to iden-
tify patients at high risk of subsequent fractures, evaluate
bone fragility, and prescribe antiosteoporotic medication
[7]. Following an initial fracture, several strategies may be
adopted, although secondary preventive measures might not
be promptly used. In the last decade, several initiatives (at
the various levels—Ilocal, regional, national, and interna-
tional) have been undertaken to improve secondary fracture
prevention; these include fracture liaison services (FLS).
FLS models were originally introduced in the orthopedic
departments of tertiary referral centers as multidisciplinary
teams, including coordinators, orthopedic surgeons, bone
nurses, bone doctors (internists, endocrinologists, ortho-
geriatrics, rheumatologists), radiologists, and physiatrists,
centered on the fractured patient. At present, these programs
also involve primary care in the form of the general practi-
tioner, which is fundamental to promote and support short-
and long-term adherence to the antiosteoporotic treatments
[8]. These models have proven to be effective in different
settings and clinical pathways [9]. Indeed, FLS programs
have been demonstrated to reduce fracture-related morbid-
ity and mortality as well as decrease healthcare costs for the
secondary prevention of fragility fractures [10].

This systematic review and meta-analysis aims to provide
recommendations based on the best available evidence on
the efficacy and effectiveness of clinical governance models.
The findings may support decision-makers to minimize the
cost and social burden associated with fragility fractures.

Methods

We conducted a systematic review to support the Panel of
the Italian Fragility Fracture Guidelines (published on the
platform of the Italian National Institute of Health) in for-
mulating recommendations. Adopting the GRADE-ADO-
LOPMENT methodology [11] and the standards defined
by the Sistema Nazionale Linee Guida (SNLG [12]), the
multidisciplinary panel updated the clinical question of the
Scottish guidelines (SIGN, Scottish Intercollegiate Guide-
lines Network [13]): “Is the use of clinical governance
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models, such as the so-called fracture liaison services,
suitable for the post-fracture patient’s management?”

Inclusion and exclusion criteria

Randomized clinical trials (RCTs) and/or observational
studies were selected if they met the following criteria: (1)
population: patients who experienced a fragility fracture;
(2) intervention: clinical governance models, such as case
manager interventions or FLS; (3) comparison: standard
care; (4) outcome: (i) primary outcome measures, specifi-
cally bone mineral density (BMD) testing rate, antiosteo-
porotic therapy initiation, adherence to antiosteoporotic
medications, subsequent fracture, and mortality risk, and
(i1) secondary outcomes were quality of life and physical
performance.

Studies were excluded if they (i) were not published in the
English language, (ii) did not report original findings (i.e.,
letters, case report), (iii) did not identify patients affected by
a fragility fracture, or (iv) were not before and after studies
on the clinical governance model implementation or did not
consider standard treatment/non-attenders/another model as
a comparator.

Data source and search strategy

We performed a PubMed, Embase, and Cochrane Library
search to update the search of the SIGN guidelines, from
2013 up to 17 December 2020, and identified publications
on clinical governance models for patients who have sus-
tained a fragility fracture. A systematic review of the avail-
able literature was carried out according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) [14] (Supplemental Material, Table S1). The
search strategy (Supplemental Material, Table S2) included
specific keywords and/or corresponding MeSH terms related
to “fragility fracture” AND “integrated models of care.” We
checked the reference lists of the studies and the systematic
reviews identified during the search process.

Study selection and data extraction

Three independent authors (AB, GP, RR) screened titles and
abstracts according to the search strategy and then assessed
the full text of the potentially relevant studies. Discrepancies
between reviewers were resolved by a consensus meeting.
For each included publication, the following information
was extracted: (i) first author, year, and country of publica-
tion, (ii) study setting, (iii) type of population, (iv) interven-
tion and comparator, and (v) follow-up period.
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Quality of studies

The systematic reviews were evaluated using the AMSTAR-2
checklist [15]. The quality of each included publication,
derived by our search, was assessed using the Cochrane
Risk of Bias (RoB) tool for RCTs [16] and the Newcastle-
Ottawa scales [17] for observational studies. The following
domains of the Cochrane RoB tool were appraised: selection
bias (random sequence generation and allocation conceal-
ment), performance bias (blinding of participants and per-
sonnel), detection bias (blinding of outcome assessment),
attrition bias (incomplete outcome data), reporting bias
(selective reporting), and other bias (such as funding bias).
Each domain was classified as “high,” “low,” or “unclear”
RoB to assess to what extent the publication did not provide
sufficient information. In the Newcastle-Ottawa scales, the
following domains were evaluated: selection, comparabil-
ity, and outcome. The threshold for identifying high-quality
studies was more than five points.

Quality of evidence

The quality of evidence of each outcome was judged by eval-
uating five dimensions (risk of bias, consistency of effect,
imprecision, indirectness, and publication bias) using the
Grading of Recommendations Assessment Development
and Evaluation (GRADE) approach [18]. The evidence was
downgraded from “high quality” by one level if serious limi-
tations were found for each of the five dimensions, or by two
levels if very serious limitations were found.

Statistical analysis

The intervention effect was estimated using the dichoto-
mized measure of risk ratio (RR) to evaluate the effect of
clinical governance models. Where possible, we adopted the
adjusted RR and pooled adjusted estimates from the original
studies. Estimates were summarized if at least three studies
reported the association of interest.

Heterogeneity between study-specific estimates was
tested using X2 statistics [19] and measured with the /> index
(a measure of the percentage variation across the studies)
[20]. Meta-analyses were conducted to combine the out-
come data using the DerSimonian random effects model
[21], which takes into account both the sampling variance
within the studies and the variation in the underlying effect
across studies, such as sample characteristics. Furthermore,
subgroup analyses according to RCTs were carried out. A
publication bias was tested using Egger’s regression and fun-
nel plot visual analysis [22].

All tests were considered statistically significant for
p-values less than 0.05. The analyses and the correspond-
ent graphical visualization of forest and funnel plots were

respectively performed by using RevMan V.5.4 (Nordic
Cochrane Center) and STATA Software Program V.16.1
(STATA).

Results
Study selection

The objective of this study was to evaluate the efficacy of
clinical governance implementation. A systematic litera-
ture review was carried out using the Embase, Medline, and
Cochrane Central databases to update the clinical question
elaborated by the SIGN Guideline [13]. As shown in Fig. 1,
we identified 10,781 records.

We excluded 10,461 studies because they were unrelated
to the issue based on the title and/or abstract. Among the
remaining 320 publications assessed for full-text review, we
excluded the studies that (i) considered the wrong population
(5), intervention (1), comparison (5), or outcome (10); (ii)
were study protocol (3) or abstract (57); (iii) had a wrong
study design such as letter or case report (14); (iv) were out
of scope (182) or not published in the English language (1).
Further, the full text of five studies was not available. The
remaining 36 publications were considered for the analysis,
respectively: 30 primary studies [23—-52] and 6 systematic
reviews [53-58], from which 47 studies [59-105] were
extracted (Table 1; Supplemental Material, Table S3).

Study characteristics

The majority of the studies were conducted in Australia (n =
1027, 36, 43, 59, 87-90, 94, 951), Canada (n = 17 [25, 28,
34, 35, 38, 60-70, 102]), USA (n = 18 [23, 29, 31, 32, 37,
46, 77-86, 92, 93]), and European Union (n = 19 [24, 26, 33,
40, 42, 44, 45, 48-50, 76, 91, 96-98, 100, 101, 103, 105]).
Five studies were carried out in the Asian continent (Israel,
Japan, Thailand, and Lebanon), four publications were from
the UK, three studies were performed in Ireland and one in
New Zealand.

Fifteen studies were RCTs [28, 60-66, 72, 77, 92, 94,
100, 102, 105], while the remaining papers were observa-
tional studies.

Average follow-up was 9 and 17 months respectively for
RCT and observational studies, although eight of them did
not specify it [23, 24, 26, 32, 75, 83, 93, 104]. Studies were
conducted using information from hospital or community-
based hospitals or general practitioners [23-26, 28-34,
39-45, 48-50, 52, 59-61, 63, 66-71, 73, 75-79, 81-83, 86,
91, 93-95, 97-101, 103-105], tertiary referral hospital or
centers [27, 36, 47, 88-90], or both [87], community phar-
macies [64], administrative data [35, 37, 46, 51, 65, 70, 84,
85, 96] or specialized clinics or centers [62, 72, 74, 80, 92,
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Fig. 1 Flowchart of study
selection
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n=57 abstract
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n=1 other language
n=6 wrong comparison
n=5 no publications

Studies included (n =36)

102]. In general, patients had low trauma fracture, specifi-
cally hip [23, 24, 27, 31, 32, 34, 35, 40-42, 44, 45, 47, 49,
51, 52], upper extremity [28], and vertebral [29] fracture.

Only one [46] of the observational studies extracted
through the search had an NOS score lower than 6 and was
therefore assigned to the category of low-quality study. Gen-
erally, “Comparability of cohorts on the basis of the design
or analysis” in the comparability section was the domain
for which problems were encountered in the most studies
(14 [23, 24, 26, 30-32, 34, 35, 38, 39, 45-47, 52]), followed
by the domain “Adequacy of follow-up of cohorts” in the
outcome section (5 studies [25, 26, 34, 44, 46]) and “Dem-
onstration that outcome of interest was not present at start
of study” in the selection section (3 studies [25, 44, 46]).

Two systematic reviews [57, 58] were assessed as low
quality, while the remaining were of very low quality (Sup-
plemental Material, Table S4).

Studies considered the following comparisons: (a) after
vs before the implementation of a specialized [23, 24, 26,
31, 32, 34, 38, 40, 44, 48, 49, 59, 67, 69, 76, 80, 82, 83, 85,
87, 88,91, 97, 104] or a FLS [25, 29, 30, 35, 37, 39, 41, 43,
47,51,71, 86, 101] model, (b) a specialized model [27, 45,
46,73, 78, 81, 84, 92, 93, 102, 103] or FLS [28, 33, 74, 75,
94] vs a comparator model, (c) a specialized [52, 60-66, 68,
70,72, 77,79, 89, 100, 105] or FLS [36, 42, 98, 99] model
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vs standard care or a specialized [90, 96] or FLS [50, 95]
model vs non-attenders.

Primary outcomes

As shown in Fig. 2a, increased BMD testing rate was
detected after the implementation of a specialized model or
FLS group compared their pre-implementation, respectively
10,946 and 5059. Overall, 20 studies detected a statistically
significant RR of 1.92 (95% CI, 1.44 to 2.55) with a high
heterogeneity between groups (I = 98%) and without pub-
lication bias (p = 0.29; Supplemental Material, Figure S1).

Then, higher BMD testing rate was found in the special-
ized or FLS model respect to comparator model (Fig. 2b)
RR 2.31 (95% CI, 1.40 to 3.82), or standard care (Fig. 2c)
RR 2.45 (95% CI, 1.86 to 3.23), with a high heteroge-
neity among groups (/> = 97% and 88%). Evaluation of
antiosteoporotic therapy showed increased initiation after
the specialized or FLS model implementation (RR 1.91,
95% CI 1.58 to 2.29; 18 studies, Fig. 3a) or compared to
a standard care/non-attenders (RR 1.87, 95% CI 1.50 to
2.32; 15 studies, Fig. 3c). Furthermore, improved adher-
ence to treatment was detected after the implementation of
FLS or specialized model (RR 1.54, 95% CI 1.03-2.31; 5
studies, Fig. 4a) or compared to a standard care (RR 1.31,
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Fig.2 Evaluation of BMD
testing rate a after vs before the
specialized or fracture liaison
service (FLS) model imple-
mentation, b in the specialized
or FLS model vs comparator
model, ¢ in the specialized
model vs standard care. Squares
represent study-specific rela-
tive risk estimates (size of the
square reflects the study-specific
statistical weight, that is, the
inverse of the variance); hori-
zontal lines represent 95% Cls;
diamonds represent summary
relative risk estimates with cor-
responding 95% Cls; p values
are from testing for heteroge-
neity between study-specific
estimates. Asterisk indicates
randomized controlled studies.
Abbreviations: CI confidence
interval, RR relative risk

95% CI 1.01 to 1.26; 2 studies, Fig. 4c). Both analyses
were characterized by high heterogeneity among studies
and absence of publication bias (Supplemental Material,

Figure S1).

@ Springer

a)

after before Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.3 after vs before specialized model
03 months_Hawker 2003 114 139 128 139 56% 0.89[0.81,0.98] *
06 months_Johnson 2005 85 136 16 126 49% 4.92[3.06,7.92] s
10 months_Tosi 2008 39 359 47 276 51% 0.64[0.43,0.95] —
12 months_Beaton 2017h 8180 39317 3677 24676 57% 1.40[1.35,1.45] 4
12 months_Hofllich 2014 53 7 2 61 2.4% 22.77(5.79,89.57]
12 months_Laslett 2007 20 68 7 28 41% 1.18[0.56, 2.47] .
12 months_Ruggiero 2015 100 210 25 172 51% 3.28[2.22,483] ==
17 months_Jaglal 2009 23 93 33 103 5.0% 0.77[0.49,1.21] T
na_Roy 2011 62 70 17 70 5.0% 3.65[2.39, 5.56] Em—
na_Sidwell 2004 179 193 20 178 51% 8.25[5.45,12.50] =t
na_Sofie 2016 32 50 10 86  4.5% 5.50[2.96,10.22) —_—
Subtotal (95% CI) 40706 25915  52.5% 2.29[1.63,3.24] L 2
Total events 8887 3982

Heterogeneity: Tau®= 0.27, Chi*= 297.03, df=10 (P < 0.00001); F= 97%

Test for overall effect: Z=4.73 (P < 0.00001

1.1.4 after vs before FLS

)

06 months_Caosman 2017 26 75 39 60 5.2% 053[0.37,0.77] ==

06 months_Greenspan 2018 98 148 273 344 56% 0.83[0.73,0.95] =

06 months_Singh 2019 53 101 13 55  4.8% 2.22[1.33,370 S

12 months_Amphansap 2016 36 75 34 120 52% 1.69[1.17,2.45) =

12 months_Amphansap 2020 303 353 34 120 5.4% 3.03[2.27,4.04] _

12 months_Chan 2015 405 123009 431 101649  56% 0.78 [0.68, 0.89) =

24 months_Axelsson 2016 1036 2616 206 2713 56% 5.22(4.54,6.00] s

24 months_Bachour 2017 64 98 28 100 52% 2.33[1.65,3.30] =

36 months_Davidson 2017 38 93 18 47 5.0% 1.01 [0.66, 1.55]

Subtotal (95% Cl) 126568 105208  47.5% 1.54[0.82, 2.89]

Total events 2059 1077

Heterogeneity: Tau®= 0.91; Chi*= 588.46, df= 8 (P < 0.00001); *= 99%

Testfor overall effect: Z=1.34 (P=0.18)

Total (95% CI) 167274 131123 100.0% 1.92[1.44, 2.55] L 2

Total events 10946 5059

Heterogeneity: Tau®= 0.37; Chi*= 875.01, df= 19 (P < 0.00001); F= 98% 40 o IJ=1 140 100;

Test for overall effec.t: =450 : 0.00001) hefore implementation after implementation

Testfor subaroup differences: Chi*=1.18, df=1 (P=0.28), F=155%

b

) FLS or specialized model  comparator model Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

1.2.1 specialized model vs comparator model

03 months_Van Helden 2007 10 14 3 47 8.5% 11.19[3.56,35.13] e

06 months_Heilmann 2012 289 827 94 302 149% 1.12(0.93,1.36) ™

06 months_Majumdar 2011* 17 2 3 25 8.9% 6.75(2.29,19.90] I e—

06 months_Vaculik 2017 [} 47 3 49 7.4% 2.08(0.55,7.86] I —

18 months_Brankin 2005 652 720 399 436 152% 0.99(0.95,1.03]

24 months_Kamel 2000 8 157 0 12 27% 1.40(0.08, 22.90]

Subtotal (95% CI) 1786 871 57.6% 1.87[1.15,3.04] -

Total events 982 502

Heterogeneity: Tau®= 0.19; Chi*= 4567, df= 5 (P < 0.00001); F= 83%

Test for overall effect: Z= 2.54 (P = 0.01)

1.2.2 FLS vs comparator model

06 months_Majumdar 2018~ 128 180 108 181 15.0% 1.19(1.02,1.39) ™

06 months_Murray 2005 137 335 " 144 126% 5.35(2.99,9.58] I

12 months_Aubry-Rozier 2018 239 332 57 214 148% 2.70(214,3.41] -

Subtotal (95% CI) 847 539  42.4% 2.50[1.05, 5.93] i

Total events 176

Heterogeneity: Tau®= 0.55; Chi*= 66.11, df= 2 (P < 0.00001); F= 97%

Testfor overall effect. Z= 2.08 (P = 0.04)

Total (95% CI) 2633 1410 100.0% 2.31[1.40,3.82] -

Total events 1486 678

Heterogeneity: Tau®= 0.43; Chi*= 295.83, df= 8 (P < 0.00001); F=97% 40101 0?1 100

Testfor overall eﬁec}‘ Z=3.28(P=0001) comparator model FLS or specialized model

Testfor subaroup differences: Chi*= 0.33, df=1 (P = 0.57), F= 0%

¢)
specialized model  standard care Risk Ratio Risk Ratio

Study or Subgroup Events Total Events  Total Weight M-H, 95% CI M-H, , 95% CI

1.3.5 specialized model vs standard care

03 months_Queally 2013* 21 31 11 30 7.9% 1.85[1.08,3.14] .

04 months_Yuksel 2010* 28 129 13 133 7.2% 2.22(1.20,4.09 E—

06 months_Beaton 2017 216 225 129 199 10.9% 1.48[1.33,1.69) -

06 months_Cranney 2008* 67 125 37 145  9.6% 210[1.52,2.90 =

06 months_Davis 2007 15 28 0 20 09% 22.45(1.42, 354.54] _—

06 months_Majumdar 2004 34 55 8 47 6.8% 3.63[1.87,7.08) =

06 months_Majumdar 2008* 7 137 24 135 9.0% 2.92(1.96,4.34) ——

06 months_Merle 2017 90 220 54 216 9.9% 1.64(1.24,217) o=

06 months_Miki 2008* 26 3 7 ki 6.7% 3.71[1.90,7.26) —

12 months_Harrington 2005 27 37 0 55 09% 81.05[5.10,1288.83] _—

12 months_Leslie 2012% 209 1421 58 1480 99% 3.75(2.83,497] B

12 months_Mortish 2009* 88 110 32 10 9.7% 2.75(2.02,374) N

12 months_Rouyx 2013* 192 31 72 200 10.4% 1.71[1.40,2.10] -

Subtotal (95% Cl) 2860 2801 100.0% 2.45[1.86,3.23] L 2

Total events 1084 445

Heterogeneity: Tau®= 0.18; Chi*= 98.54, df=12 (P < 0.00001); = 88%

Testfor overall effect: Z= 6.33 (P < 0.00001)
[ + + !
0.01 0.1 10 100

standard care specialized model

Thus, a significant decreased risk of subsequent frac-
ture and a reduction of the mortality rate was found after
the specialized or FLS group implementation (subsequent

fracture: RR 0.65, 95% CI 0.53 to 0.79; 2 studies; Fig. 5a;
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Fig. 3 Evaluation of anti-

a)

osteoporotic initiation a after after before ) Risk Ratio Risk Ratio
.. Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
vs before the spec1ahzed or 2.1.3 after vs before specialized model
. . 03 months_Hawker 2003 24 139 22 139 50% 1.08 [0.64,1.85] -
fracture liaison service (FLS) 06 months_Johnson 2005 57 138 15 126 51% 352(210,5.89) —
model implementation, b in 10 months_Tosi 2008 23 389 14 276 42% 1.26 [0.66, 2.41] ——
Lr ’ 12 months_Baroni 2019 60 112 B3 210 74% 1.79[1.36,2.34) -
the specialized or FLS model 12 months_Hoffich 2014 37 5 61 30%  7.39(312,1747)
. 12 months_Laslett 2007 56 68 728 41% 3.29(1.72,6.32) —_—
Vs comparator model, ¢ in the 12 months_Ruggiero 2015 102 210 30 172 BA% 2.78[1.96, 3.97) —
o1 17 months_Jaglal 2009 1293 17 103 39% 0.78[0.39, 1.55] —
specialized model or FL.S vs 24 manths_Jones 2005 54 93 B0 161 7.2% 1.56 [1.20,2.03) -
standard care/non-attenders. 48 months_Fisher 2006 63 447 59 504 B.6% 1.20[0.86, 1.68] ™
. 72 months_Astrand 2012 77 286 52 306 68% 1.58(1.16,2.17) -
Squares represent study-specific na_Roy 2011 1670 16 70 4.4% 1.00(0.54,1.84] —
. . . . na_Sidwell 2004 60 193 18 178 53% 3.07 [1.89, 5.00) ——
relative risk estimates (size of Subtotal (95% CI) 2277 2334 69.1% 184 1[1.43, 2.38]] *
Total events 647

the square reflects the study-
specific statistical weight, that
is, the inverse of the variance);

H ; 06 months_Costman 2017 2% 75 1 60 43% 1.82(0.98, 3.39] —
horlzqnta] lines represent 95% 06 months_Greenspan 2018 40 T4 44 226 66% 2.78[1.98, 3.89] —
ClIs; diamonds represent sum- 12 months_Amphansap 2016 17 75 18 120 45% 1.51[0.83,2.74] —

. . . 12 months_Amphansap 2020 244 353 49 120 7.4% 1.69(1.35,2.12] -
mary relative risk estimates 24 months_Axelsson 2016 832 2616 342 2713 81% 2.52(2.25,2.83) ‘-

with corresponding 95% Cls;
p values are from testing for
heterogeneity between study-

Heterogeneity: Tau®= 0.15; Chi*= 52.69, df=12 (P < 0.00001); F=77%
Test for overall effect: Z= 4.73 (P < 0.00001)

2.1.4 after vs before FLS

Subtotal (95% CI) 3193 3239 30.9%
Total events 1158 464

Heterogeneity: Tau®= 0.05; Chi*= 13.26, df= 4 (P=0.01); F=70%

Test for overall effect: Z= 6.02 (P < 0.00001)

2.11[1.66, 2.70]

. . . Total (95% CI) 5470 5573 100.0% 1.91[1.58, 2.29] *
specific estimates. Asterisk Total svents 1805 802
indicates randomized Controlled Heterogeneity: Tau®= 0.11; Chi*= 79.00, df=17 (P < 0.00001); F=78% 30 0 0:1 150 100’

studies. Abbreviations: CI confi-
dence interval, RR relative risk

mortality: RR: 0.72, 95% CI 0.54 to 0.95; 12 studies,

Test for overall effect: Z= 6.81 (P < 0.00001)
Testfor subaroup differences: Chi*= 0.58, df=1 (P = 0.45). F= 0%

b)

before implementation after implementation

FLS or specialized model  comparator model Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.2.1 specialized model vs comparator model
06 months_Heilmann 2012 347 827 72 302 146% 1.76[1.42,219] -
06 months_Majumdar 2011* El il 3 25 72% 357(1.11,1152)
06 months_Vaculik 2017 5 47 3 49 6.0% 1.74(0.44,6.87] T - r—
22 months_Rolnick 2001* 10 207 0 187 20% 18.98(1.12,321.69] —_———
24 months_Kamel 2000 2 157 1 12 28% 0.15[0.01,1.57] —
48 months_Streetan 2006 36 53 31 31 148% 0.69[0.57,0.83] -
na_dJachna 2003 19 29 46 53 143% 0.75(0.57,1.00] -
Subtotal (95% CI) 1341 659  61.7% 1.26 [0.65, 2.44] -
Total events 428 156
Heterogeneity: Tau®= 0.52; Chi*= 87.55, df= 6 (P < 0.00001); F= 93%
Test for overall effect Z= 0.68 (P = 0.50)
2.2.2 FLS vs comparator model
06 months_Majumdar 2018* 86 180 51 181 143% 1.70(1.28,2.24] —-
06 months_Murray 2005 30 335 6 144 95% 215(0.81,5.05] T
na_Wallace 2011 38 42 28 46 14.5% 1.49[1.16,1.91] -
Subtotal (95% CI) 557 371 38.3% 1.60[1.33, 1.92] *
Total events 154 85
Heterogeneity: Tau®= 0.00; Chi*=1.20, df= 2 (P = 0.55); F= 0%
Test for overall effect Z= 5.05 (P < 0.00001)
Total (95% CI) 1898 1030 100.0% 1.38[0.90, 2.13] o
Total events 582
Heterogeneity: Tau®= 0.32; Chi*= 98,60, df= 9 (P < 0.00001); F=91% oo 100

Test for overall effect Z=1.47 (P=0.14)
Testfor subaroup differences: Chi*= 0.47, df=1 (P = 0.49), F=0%

©)

0.1 10
comparator model FLS or specialized model

FLS or specialized model attend Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total_Weight M.H, Random, 95% CI M.H, Random, 95% CI
2.35 specialized model vs standard care

03 months_Queally 2013* 28 3 30 30 92% 091(0.80,1.03] -

04 months_Yuksel 2010* 28 129 15 133 57% 1.92[1.08,3.43)

06 months_Beaton 2017 72 225 32 199 75% 1.99 [1.37, 2.68)

06 months_Cranney 2008 35 125 15 145 59% 2.71[1.55,4.72)

06 months_Davis 2007* 15 28 0 20 06% 2245[1.42,35454]

06 months_Majumdar 2004 2 55 5 47 37% 3.76(1.54,9.15)

06 months_Majumdar 2008* 30 137 9 135 48% 3.281.62,6.65]

06 months_Merle 2017* 17 220 7 26 86% 1.62(1.29,2.03)

06 months_Miki 2008 15 3 7 3N 45% 214[1.02,4.52)

12 months_Leslie 2012* 222 1421 157 1480 89% 1.47[1.22,1.78)

12 months_Morrish 2009* 56 110 24 110 7.2% 2.33[1.57,3.48]

12 months_Roux 2013° 182 an 7 200 88% 1.65[1.34,2.03)

48 months_Lih 2011 198 246 n 157 89% 1.78(1.48,2.14)

Subtotal (95% CI) 3069 2903 84.4% 1.91[1.46, 2.50]

Total events 1 507

020
Heterogeneity: Tau*= 0.18; Chi*= 115,67, df= 12 (P < 0.00001); = 80%
Testfor overall effect Z= 4.70 (P < 0.00001)

2.3.6 FLS vs standard care

06 months_Naranjo 2017 50 a3 14 66 6.4% 253[153,419)
Subtotal (95% CI) 93 66 6.4% 2.53[1.53,4.19]
Total events 50 14

Heterogeneity. Not applicable
Testfor overall effect Z= 3.63 (P = 0.0003)

2.3.7 specialized model vs non-attenders

24 months_Van der Kallen 2014 174 214 124 220 92% 1.44[1.26,1.65)
Subtotal (95% CI) 214 220 9.2% 1.44[1.26, 1.65]
Total events 174 124

Heterogeneity: Not applicable
Testfor overall effect: Z= 5.41 (P < 0.00001)

Total (95% CI) 3376 3189 100.0%

Total events 1244 645
Heterogeneity: Tau*= 0.13; Chi*= 118.65, df= 14 (P < 0.00001); = 88%
Test for overall effect: Z= 5.56 (P < 0.00001)

Testfor subaroup differences: Chi*=7.09, df= 2 (P = 0.03), F=71.8%

1.87[1.50,2.32]

. 4 ¢ Qo'|'~+}|||~

0.01

0.1 10 100
standard/non-attenders  FLS or specialized model

Fig. 5¢; mortality: RR 0.68, 95% CI 0.48-0.96; 9 studies;
Fig. 6¢). Both analyses were characterized by high hetero-
geneity between studies and no existence of publication
bias (Supplemental Material, Figure S1).

Fig. 6a) or respect to standard care/non-attenders (subse-
quent fracture: RR 0.57, 95% CI 0.37 to 0.87; 7 studies;

@ Springer
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a)
after before Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.1.1 after vs before FLS
12 months_Amphansap 2016 96 120 K 75 19.9% 1.94 [1.46, 2.57] =
24 months_Bachour 2017 53 98 26 100 18.5% 2.081[1.43,3.03] -
Subtotal (95% CI) 218 175 38.4% 1.99[1.58, 2.49] @
Total events 149 57
Heterogeneity: Tau®=0.00; Chi*=0.09, df=1 (P=0.76), F= 0%
Test for overall effect: Z=5.93 (P = 0.00001)
3.1.3 after vs before specialized model
12 months_Beaton 2017h 15727 39317 11746 24676 221% 0.84[0.83, 0.86] L
12 months_Laslett 2007 65 68 24 28 21.3% 1.121[0.95,1.31] ull
12 months_Ruggiero 20145 a3 210 25 172 18.2% 2.72[1.82,4.09] —
Subtotal (95% CI) 39595 24876 61.6% 1.29 [0.84, 1.96] -
Total events 15875 11795
Heterogeneity: Tau®= 0.12; Chi*= 44.92, df= 2 (P = 0.00001); F= 96%
Testfor overall effect Z=117 (P=0.24)
Total (95% Cl) 39813 25051 100.0% 1.54[1.03, 2.31] B
Total events 16024 11852
Heterogeneity: Tau®= 0.19; Chi*=99.11, df= 4 (P < 0.00001); F= 96% 50 o 031 110 1005
Test for overall eﬁegt: =210 (Pz_ 0.04) hefore implementation after implementation
Testfor subgroup differences: Chi®= 317, df=1 (P =0.07), F= 68.5%
b)
FLS or specialized model comparator model Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H,R 95% CI M-H, R 95% CI
3.2.4 specialized model vs comparator model
06 months_Heilmann 2012 134 291 20 71 49.0% 1.63[1.10,2.42] ——
48 months_Streetan 2006 22 34 0 4] 3.9% 9.00[0.62,131.58] *
Subtotal (95% CI) 325 77  52.9% 2.34[0.57, 9.69] =R —
Total events 156 20
Heterogeneity: Tau®= 0.63; Chi*=1.65, df=1 (P = 0.20); F= 40%
Testfor overall effect: Z=1.17 (P=0.24)
3.2.5 FLS vs comparator model
24 months_Ganda 2014* 22 45 23 49 471% 1.04 [0.68, 1.59] :
Subtotal (95% Cl) 45 49  47.1% 1.04 [0.68, 1.59]
Total events 22 23
Heterogeneity: Not applicable
Test for overall effect: Z=0.19 (P = 0.85)
Total (95% CI) 370 126 100.0% 1.41[0.82, 2.44] i
Total events 178 43
?et?;ogenelwl:lT?ruTZUj §;§4hl;:—468231' df=2 {P=0.09);, F=59% o o T 00
estfor overall effect: Z=1.24 (P = 0.21) comparator model  FLS or specialized model
Testfor subaroup differences: Chi*=1.15,df=1 (P=0.28), F=127%
¢
specialized model standard care Risk Ratio Risk Ratio
Study or Subgroup Events Total Events  Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.3.2 specialized model vs standard care
06 months_Beaton 2017 203 225 151 199 46.2% 1.191[1.08, 1.30]
06 months_Majumdar 2008 132 137 121 135 53.8% 1.07 [1.01,1.19]
Subtotal (95% CI) 362 334 100.0% 1.13[1.01, 1.26]
Total events 335 272

Heterogeneity: Tau®= 0.00; Chi*= 3.88, df=1 {P=0.08); F=74%
Test for overall effect Z=2.14 (P =0.03)

Fig.4 Evaluation of antiosteoporotic adherence a after vs before the
specialized or fracture liaison service (FLS) model implementation,
b in the specialized or FLS model vs comparator model, ¢ in the spe-
cialized model vs standard care. Squares represent study-specific rela-
tive risk estimates (size of the square reflects the study-specific sta-
tistical weight, that is, the inverse of the variance); horizontal lines

@ Springer

002 01 1 10
standard care specialized model

represent 95% Cls; diamonds represent summary relative risk

50

esti-

mates with corresponding 95% Cls; p values are from testing for het-
erogeneity between study-specific estimates. Asterisk indicates rand-
omized controlled studies. Abbreviations: CI confidence interval, RR

relative risk
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a)

after before Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

4.1.1 after vs before FLS

06 months_Singh 2019 3 101 1 55 3.9% 1.63[0.17,15.33]

12 months_Amphansap 2016 i 75 36 120 2.8% 0.02[000,035 &4/

12 months_Chan 2015 327 123009 94 101649 159% 2.87[2.29,3.62] —-

24 months_Axelsson 2016 217 2616 228 2713 16.1% 0.99[0.83,1.18] -+

24 months_Wasfie 2019 78 215 84 150 15.9% 0.65([0.52, 0.81] s

36 months_Davidson 2017 34 328 25 131 14.4% 0.54 [0.34,0.87] —

Subtotal (95% CI) 126344 104818  69.0% 0.87[0.44, 1.72] -l

Total events 659 468

Heterogeneity: Tau®= 0.53; Chi*=108.69, df= 5 (P =< 0.00001), F= 95%

Testfor overall effect: Z=0.40 (P = 0.69)

4.1.2 after vs before specialized model

24 months_Huntjens 2011 a9 1335 191 1920 15.8% 0.67 [0.53, 0.85] =

72 months_Astrand 2012 39 286 69 306 15.2% 0.60([0.42,0.87] -

Subtotal (95% CI) 1621 2226  31.0% 0.65[0.53, 0.79] L 2

Total events 128 260

Heterogeneity: Tau®= 0.00; Chi*=0.22, df=1 (P = 0.64); F=0%

Test for overall effect: Z=4.23 {P < 0.0001)

Total (95% CI) 127965 107044 100.0% 0.80[0.49, 1.33] o

Total events 787 728

Heterogeneity. Tau®=0.41; Chi®=129.31, df= 7 (P =< 0.00001), F= 95% b + t {

Test i Il effect: Z=0.84 (P =0.40 0.01 01 10 100

estioroverall @ EC,' =084 e ) after implementation hefore implementation
Testfor subdgroup differences: Chi*= 064, df=1({P=042), F=0%
b)
FLS comparator model Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI

4.2.3 FLS vs comparator model

12 months_Aubrye-Rozier 2018 18 332 11 214 1.05([0.51,2.19] —
I } t |
0.01 01 10 100

FLS comparator model
¢)
FLS or specialized model  standardmnon-attenders Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, R: 95% CI M-H, Random, 95% CI

4.3.4 FLS vs standard care

12 months_Inderjeeth 2018 17 202 8 45 127% 0.47[0.22,1.03] —

24 months_Huntjens 2014 95 1412 130 1910 201% 0.99[0.77,1.28] —

Subtotal (95% CI) 1614 1955 32.7% 0.75[0.37, 1.51] -

Total events 12 138

Heterogeneity: Tau*=0.19; Chi*= 3.14, df=1 (P = 0.08); F= 68%

Testfor overall effect Z=0.80 (P =0.42)

4.3.5 specialized model vs standard care

06 months_Miki 2008* 1) il 1 3 1.7% 0.33[0.01, 7.88]

48 months_Lih 2011 10 246 kil 157 14.0% 0.21[0.10,0.41) —_—

Subtotal (95% CI) 277 188 15.7% 0.21[0.11,0.41] e

Total events 10 32

Heterogeneity: Tau®*= 0.00; Chi*=0.089, df=1 (P=0.77); F=0%

Test for overall effect: Z= 4.57 (P < 0.00001)

4.3.6 FLS vs non-attenders

24 months_Sanli 2019 23 122 30 160 16.9% 1.01 [0.62, 1.64] e

36 months_Nakayama 2016 57 515 67 416 19.2% 0.69 [0.49, 0.95) —=—|

Subtotal (95% CI) 637 576  36.0% 0.79[0.55, 1.14] L 3

Total events 80 97

Heterogeneity: Tau®= 0.03; Chi*=1.60, df=1 (P=0.21); F= 38%

Testfor overall effect: Z=1.24 (P =0.21)

4.3.7 specialized model vs non-attenders

24 months_Van der Kallen 2014 14 214 41 220 15.5% 0.35[0.20, 0.62] -

Subtotal (95% CI) 214 220 15.5% 0.35[0.20, 0.62] e

Total events 14 41

Heterogeneity: Not applicable

Testfor overall effect: Z= 3.56 (P = 0.