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Abstract
Summary Subsequent fracture rates and associated mortality were compared before and after the introduction of fracture 
liaison service (FLS). In 100,198 women and men, FLS was associated with 13% and 10% lower risk of subsequent fragility 
fractures and 18% and 15% lower mortality. The study suggests that FLS may prevent fractures.
Purpose Efficient fracture prevention strategies are warranted to control the global fracture burden. We investigated the effect 
of a standardized fracture liaison service (FLS) intervention on subsequent fracture risk and mortality.
Methods The NoFRACT study was designed as a multicenter, pragmatic, register-supported, stepped-wedge cluster-ran-
domized trial. The FLS intervention was introduced in three clusters with 4-month intervals starting May 2015 through 
December 2018 and included evaluation of osteoporosis and treatment in patients over 50 years with a low-energy frac-
ture. Based on data from the Norwegian Patient Registry, patients with index fractures were assigned to the control period 
(2011–2015) or intervention period (2015–2018) depending on the time of fracture. Rates of subsequent fragility fractures 
(distal forearm, proximal humerus, or hip) and all-cause mortality were calculated.
Results A total of 100,198 patients (mean age 69.6 years) suffered an index fracture of any type. During a maximum follow-
up of 4.7 years, 11% (6948) of the women and 6% (2014) of the men experienced a subsequent fragility fracture, and 20% 
(14,324) of the women and 22% (8,326) of the men died. FLS was associated with 13% lower subsequent fragility fracture risk 
in women (hazard ratio (HR) 0.87, 95% confidence intervals (CI) 0.83–0.92) and 10% in men (HR 0.90, 95% CI 0.81–0.99) 
and 18% lower mortality in women (HR 0.82, 95% CI 0.79–0.86) and 15% in men (HR 0.85, 95% CI 0.81–0.89).
Conclusion A standardized FLS intervention was associated with a lower risk of subsequent fragility fractures and mortality 
and may contribute to reduce the global fracture burden.

Keywords fracture liaison service · fragility fractures · osteoporosis · post-fracture mortality · secondary fracture 
prevention · stepped-wedge cluster-randomized trial

Introduction

In 2019, a total of 178 million new fractures were recorded 
worldwide, and a further rise is expected with the aging pop-
ulation [1]. The lifetime risk of sustaining a fragility fracture 
after the age of 50 years is 50% for women and 20% for men 
[2]. A fragility fracture doubles the risk of a subsequent frac-
ture, and a hip fracture triples the risk of a new hip fracture, 

causing increased morbidity and mortality [3, 4]. The immi-
nent fracture risk is highest in the first 2 years after the initial 
fracture, making early fracture prevention essential [5–7]. 
Treatment with anti-osteoporosis drugs (AOD) can reduce 
the relative risk of a subsequent fracture by 15–70% [2]. 
Nevertheless, assessment and treatment of osteoporosis are 
still suboptimal, leaving a large care gap between the high 
proportion in need of treatment and the small proportion 
of less than 20% of fragility fracture patients who receive 
AOD [8].
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A fracture liaison service (FLS) facilitates the systematic 
identification of patients with a fracture, assessment of frac-
ture risk, and treatment of osteoporosis. FLS is internation-
ally suggested as the best solution to close the treatment gap 
[9]. FLS has been reported to increase the frequency of bone 
mineral density (BMD) measurements and initiation of AOD 
treatment and to improve adherence [10–12]. Some stud-
ies have shown that FLS reduces subsequent fracture rates 
[13–19] and mortality [14, 17, 18, 20], whereas others have 
not [12, 20, 21]. Studies on the effect of FLS have varied 
with respect to design, sample size, and observation time, 
and to the best of our knowledge, no previous randomized 
trial has been performed with subsequent fracture rates and 
mortality as outcomes.

Purpose

The aim of this study was therefore to investigate the effect 
of introducing a standardized FLS intervention using a 
stepped-wedged cluster-randomized design on the incidence 
of subsequent fragility fractures (distal forearm fractures, 
proximal humerus fractures, and hip fractures) and all-cause 
mortality.

Methods

Study design

The Norwegian Capture the Fracture Initiative (NoFRACT) 
study was designed as a pragmatic, multicenter, register-
supported, stepped-wedge cluster-randomized trial (SW-
CRT). The stepped-wedge design was chosen to ensure that 
all study sites received the intervention during the study 
period. Further, the prospective SW-CRT design allowed 
for both a randomized trial design and to take time trends in 
fracture rates into consideration. The study was registered 

(Clinicaltrials.gov, NCT02536898) and the trial protocol has 
been published [22]. Seven Norwegian hospitals were rand-
omized for the order of starting date, and divided into three 
clusters, with an interval of 4 months between the clusters 
(Fig. 1). Randomization was performed by the Norwegian 
Osteoporosis Association, who had no other involvement 
in the study. Standard care was delivered at each hospital 
during the control period (2011–2015) and the hospitals 
crossed over in only one direction and delivered the stand-
ardized FLS during the intervention period (2015–2018). 
The intervention was not blinded. The Consolidated Stand-
ards of Reporting Trials reporting guideline (CONSORT) 
with extension for SW-CRTs was followed for this trial. This 
is the first major report from the NoFRACT study.

Study intervention

The control period started on 1 January 2011 and went on 
until the stepwise introduction of the FLS intervention at 
each cluster. The FLS intervention was carried out at depart-
ments of orthopedic surgery at the NoFRACT hospitals with 
recruitment from 6 May 2015 until 31 December 2018 and 
follow-up through December 2019 (Fig. 1). All women and 
men ≥ 50 years with low-energy fractures (except fractures 
of the fingers, toes, face, and skull) who were treated at one 
of the NoFRACT hospitals and residing within each hospi-
tal’s catchment area were eligible for the FLS intervention. 
Exclusion criteria were short life expectancy judged by the 
treating physician.

The fracture patients were identified by a coordinating 
nurse and offered information, clinical assessment, lifestyle 
advice, and AOD if indicated, while they were in the hospi-
tal for their index fracture or as out-patients [22]. Lifestyle 
advice about physical activity, fall prevention, healthy diet, 
smoking cessation, and moderate alcohol intake was given, 
and referral to fall prevention at the hospital or primary care 
if indicated. The fracture risk assessment included BMD 

Fig. 1  Study design of the NoFRACT intervention as recommended by the Consolidated Standards of Reporting Trials (CONSORT) extension 
for stepped-wedged cluster randomized trials (SW-CRTs)
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measurements using dual-energy X-ray absorptiometry 
(DXA) of both hips and spine, and/or calculation of the 
10-year probability of a major osteoporotic fracture (MOF) 
using the Fracture Risk Assessment Tool (FRAX), and 
serum analyses of 25-hydroxyvitamin D, calcium, parathy-
roid hormone, thyroid-stimulating hormone, albumin, and 
creatinine to assess secondary causes of osteoporosis and the 
kidney function. AOD was offered directly to patients with a 
hip fracture, a vertebral fracture, or two or more low-energy 
fractures while they were still in the hospital, without the 
need of BMD or FRAX score assessment. Patients with a 
low-energy fracture of any other type were offered assess-
ment within 6 weeks after their index fracture and treat-
ment with AOD if BMD T-score ≤  − 1.5 or FRAX score for 
MOF > 20%. The primary drug of choice for patients with 
a hip fracture was intravenous zoledronic acid administered 
during the hospitalization for surgery. For patients with their 
first low-energy fracture, other than hip fracture, oral bispho-
sphonate, preferentially alendronate once weekly, was the 
drug of choice. Denosumab was an option in case of reduced 
kidney function (estimated glomerular filtration rate (eGFR) 
20–35 mL/min). Patients with BMD T-score ≤  − 3.5, or sub-
sequent low-energy fracture while on anti-resorptive treat-
ment, were referred to an osteoporosis specialist to consider 
osteoanabolic treatment [22].

Audit data from each hospital

Audit data from the fracture patients during the NoFRACT 
intervention period was collected at each hospital. Aggre-
gated summaries of the registration were used to monitor the 
number and proportion of patients who were offered FLS, 
had their fracture risk assessed, and were prescribed AOD. 
The ethical clearance for the collection of such data was 
given for local surveillance only and could not be linked to 
the register data.

Administrative register data from the Norwegian 
Patient Register (NPR)

The main analyses were based on data retrieved from NPR 
after the end of the intervention period, on all women and 
men ≥ 50 years at the time of index fracture (2011–2018), 
who were treated at a NoFRACT hospital. An 11-digit per-
son identification number enabled the merging of data to 
other data sources and the identification of index and subse-
quent fractures in the data. NPR also provided data on age, 
sex, and Charlson Comorbidity Index (CCI) based on reg-
istered diagnoses within the same year as the fracture [23]. 
However, the data from the NPR did not include information 
on whether the patients were exposed to the FLS interven-
tion and had a BMD scan or AOD prescribed. We had no 
registered data on participation in the FLS intervention, and 

patients were placed in the control or intervention period 
solely based on the time of index fracture. Therefore, the 
analysis was an intention-to-treat analysis. As described 
above, we have included some aggregated audit data from 
the hospitals to help in interpreting the effect of FLS.

Statistics Norway provided data for all patients: dates of 
migration and death, marital status (never married, previ-
ously married, and married), country of birth (Scandinavian 
(Norway, Sweden, and Denmark), and non-Scandinavian), 
municipality of residence at time of fracture. Statistics Nor-
way also provided an urban centrality index for each munici-
pality: a score from 1 (most central) to 6 (least central) based 
on the number of inhabitants and the driving time from resi-
dential housing to jobs and services [24].

Outcome measures

As registered in www. clini caltr ials. gov, the primary out-
come was the change in the rate of subsequent fragility 
fracture defined as a fracture of the distal forearm, proxi-
mal humerus, and/or hip in patients with any type of index 
fracture. The secondary outcome was all-cause mortality in 
patients with any type of index fracture.

Additional outcomes were the change in the rate of any 
type of subsequent fracture, subsequent hip fracture after any 
type of index fracture, and second hip fracture and mortality 
after an index hip fracture.

Patients who were registered with a code for fracture 
control (International Classification of Diseases version 
10 (ICD-10) Z-codes), fracture follow-up treatment (ICD-
10 T-codes), and/or a Nordic Medico-Statistical Committee 
(NOMESCO) surgical procedure codes (NCSP) for reopera-
tion were excluded from the analysis. Hip fracture diagnoses 
in the NPR have previously been validated [25]. The com-
bined Cohen’s kappa for comparison of register data with 
fractures in local fracture registries was 0.95. We have also 
performed a study investigating forearm fracture validity in 
administrative hospital data using X-rays and/or medical 
records for verification [26]. The sensitivity (completeness) 
of the forearm fracture registrations was 90%. The positive 
predictive value increased from 74% in crude data to 91% 
when using a washout period of 6 months, and consequently, 
we applied a 6-month wash-out within each fracture group 
(ICD-10 S-code). Additionally, as fracture location can be 
miscoded, a 30 day-washout between registrations of frac-
ture of the arm (S42, S52, and S62); ribs, spine, and pelvis 
(S22 and S32); and leg and foot (S82 and S92) were applied.

Statistical analyses

All results are presented for women and men separately. 
We used stratified Cox proportional hazard regres-
sion analysis to calculate hazard ratios (HRs) with 95% 

http://www.clinicaltrials.gov
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confidence intervals (CIs). The stratified Cox models 
allowed hospitals to act as their own control with indi-
vidual baseline hazard functions. An index fracture was 
defined as the first fracture after a fracture-free wash-out 
period of 3 years. The 3-year wash-out period led to the 
possibility that some patients could count in both the con-
trol and intervention periods; therefore, repeated meas-
ures by individuals were additionally accounted for in 
the stratified Cox model. Follow-up measures for fracture 
outcomes were years contributed by each patient from the 
date of the index fracture to the first subsequent fracture, 
death, migration, or end of follow-up on December 31, 
2019, with a maximum follow-up of 4.7 years. The follow-
up measure for mortality outcome was years contributed 
by each patient from the date of the index fracture to death, 
migration, or end of follow-up on December 31, 2019, 
with a maximum follow-up of 4.7 years. In the analyses 
of mortality, patients could contribute with person-time in 
multiple episodes if they sustained subsequent fractures 
before they died. The stratified Cox model ensured equal 
maximum follow-up time in the control and intervention 
period, which was a requirement for using this method. 
The proportionality of the HRs was verified using log–log 
plot of survival by intervention status, adjusting for age, 
sex, hospital, and time.

The following regression analyses were performed for the 
primary and secondary outcomes as registered in www. clini 
caltr ials. gov: (a) from any type of index fracture to a subse-
quent fragility fracture, (b) from any type of index fracture 
to death. Additional analyses were (c) from any type of index 
fracture to any type of subsequent fracture, (d) from any type 
of index fracture to a subsequent hip fracture, (e) from an 
index hip fracture to a second hip fracture, and (f) from an 
index hip fracture to death. (Definitions of type of fractures 
are shown in Table 1).

We also performed a multiple failures analysis where data 
were organized as ordered episodes and all fracture episodes 
from 2011 to 2019 were included. Since it was not possi-
ble to distinguish index fractures from other fractures, we 
included data from 2019 in this analysis, and consequently, 
the total number of patients differed from the main analyses.

Confounders were mapped using a causal-directed acyclic 
graph [27]. We estimated crude HRs for the association with 
the FLS intervention and HRs after adjustment for age, sex, 
urban centrality index [24], marital status, education level, 
Scandinavian-born, Charlson Comorbidity Index [23], frac-
ture number, and type of index fracture. To account for time 
trends (declining subsequent hip fracture rates during the 
last 20 years) [28] and time-dependent randomization in the 
SW-CRT design, the analyses were adjusted for the day of 
hospital admission of the index fracture (cubic spline with 7 
knots). Stata 16 (StataCorp, College Station, TX, USA) was 
used for the analyses.

Deviations from the protocol

The University Hospital of North Norway introduced the 
intervention on 1 October 2015, which was 5 months later 
than scheduled. Haukeland University Hospital initiated 
treatment with zoledronic acid directly only in patients 
with hip fracture > 70 years of age. We intended to start 
FLS treatment within 6 weeks after an index fracture; 
however, due to delay in the assessment of fracture risk, 
osteoporosis treatment may have been initiated after more 
than 6 weeks in some patients. As stated in the protocol 
article, we planned to exclude patients outside the hospi-
tals’ referral region [22]; however, it was not possible to 
obtain hospital-specific data from The University Hospi-
tal of North Norway and Oslo University Hospital for the 
entire period, and data from the entire health trusts there-
fore had to be used. A multilevel regression model, where 
individuals count only once, was described in the proto-
col article [22]. However, SW-CRT was a relatively new 
study design when we planned NoFRACT. Statisticians 
who have experience with data analysis from a SW-CRT 
clearly recommend that the best way to accommodate clus-
ter effects by hospital and individuals in our setting was to 
use a stratified Cox model including a term for repeated 
measures by individual (confer statistical analyses for 
more information). Using this method, patients in both the 
control period and intervention period had an equal chance 
to be included and have their fracture counted, when hav-
ing a subsequent fracture within a similar 3-year period 
of washout. This is of importance to avoid variation in 
inclusion criteria as well as selection bias.

Table 1  Definitions of types of fractures

Variable Definitions using ICD-10 Codes

Any type of fracture S22, S32, S42, S52, S62 (excluding 
fingers S62.5–S62.7), S72, S82, 
S92 (excluding toes S92.4–S92.5)

Fragility fracture S52.5–S52.6 (distal forearm), 
S42.2 (proximal humerus), and/or 
S72.0–S72.2 (hip fracture)

Ribs, sternum, thoracic spine S22
Lumbar spine, pelvis S32
Upper arm S42
Forearm S52
Hand, wrist S62 (excluding fingers S62.5–S62.7)
Hip S72.0–S72.2
Femur S72.3–S72.9
Patella, lower leg, ankle S82
Foot S92 (excluding toes S92.4–S92.5)

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov


Osteoporosis International 

Results

A total of 100,198 patients suffering an index frac-
ture between January 1, 2011, and December 31, 2018, 
were included in this study (Fig. 2). The mean age was 
69.6 years (range 50–99) and 66% were women. Patients 
who were more than 100  years old (n = 210) were 
excluded, as they were not likely to have received the 
intervention. Of the index fractures, forearm fracture was 
the most common type for women in both periods (31% 
and 30%), whereas ribs, sternum, and thoracic spine were 
the most common types in men (19% and 22%) followed 
by forearm fracture (15% in both periods). Other com-
mon fracture types in both sexes were the upper arm, hip, 
and patella/lower leg (14–15%). The characteristics of the 
patients in the control and intervention periods are shown 
in Table 2. Based on audit data (collected during the inter-
vention period from 2015 to 2018), 78% of patients with 
index fractures were offered FLS, and 70% of all fracture 
patients had their fracture risk assessed (88% of those who 
were offered FLS accepted to be tested for osteoporosis 
and 65% of those assessed had a DXA scan performed). 
Less than 9% of the patients used AOD before their index 
fracture, ranging from 1 to 9% between the different hospi-
tals. Of those who were investigated for osteoporosis, 56% 

had AOD prescribed according to the treatment algorithm 
[22].

Altogether, 8962 (9%) patients experienced a subsequent 
fragility fracture (distal forearm, proximal humerus, and/
or hip) during a median follow-up of 3.1 years (maximum 
4.7 years) (Fig. 1). During follow-up, the FLS intervention 
was associated with 13% lower risk of a subsequent fragility 
fracture in women (HR 0.87, 95% CI 0.83–0.92) and 10% 
in men (HR 0.90, 95% CI 0.81–0.99) after adjustment for 
relevant confounders (Table 3). In the age group > 65 years, 
FLS was associated with 14% lower risk in women (HR 
0.86, 95% CI 0.80–0.91) and 12% lower risk in men (HR 
0.88, 95% CI 0.78–0.98).

A total of 22,650 (21%) patients died during follow-up: 
20% of the women (14,324) and 22% of the men (8326) 
and FLS was associated with lower mortality after an index 
fracture of any type by 18% in women (HR 0.82, 95% CI 
0.79–0.86) and 15% in men (HR 0.85, 95% CI 0.81–0.89, 
Table 3).

In all 100,198 patients, 18,196 (18%) had a subsequent 
fracture of any type, 13,144 (20%) women and 5052 (14%) 
men, and 4476 (4.5%) experienced a subsequent hip fracture, 
3286 (5%) women and 1190 (3%) men. The associated risk 
reduction for a subsequent hip fracture was 25% for women 
(HR 0.75, 95% CI 0.70–0.82) and 21% for men (HR 0.79, 
95% CI 0.69–0.90) (Table 3).

Fig. 2  Flowchart of patients with an index fracture treated at a NoFRACT hospital in 2011–2018. *4059 patients were included in both the inter-
vention and the control period
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Of 16,326 patients with an index hip fracture (mean age 
80.7 years), 1030 (9%) women and 443 (8%) men had a 
second hip fracture, and 5137 (47%) of the women and 2919 
(54%) of the men died during follow-up. FLS was associ-
ated with a 20% lower risk of a second hip fracture after 
adjustment for relevant confounders in women and 26% in 
men (Table 3). The associated reduction in risk for a sec-
ond hip fracture by FLS was 26% in patients ≥ 80 years (HR 
0.74, 95% CI 0.64–0.85), 21% for women (HR 0.79, 95% CI 
0.66–0.93), and 34% for men (HR 0.66, 95% CI 0.49–0.86). 
However, there was no significant reduction in risk of a 
second hip fracture in those < 80 years neither for women 
(HR 0.81, 95% CI 0.63–1.05) nor in men (HR 0.86, 95% CI 
0.62–1.18), and no significant reduction in mortality after 
an index hip fracture (Table 4).

A multiple failures analysis where we counted all 138,186 
fracture episodes (time to next fracture) in 112,900 patients 
showed even stronger results for subsequent fragility fracture 
(HR 0.78, 95% CI 0.74–0.81) and subsequent hip fracture 
(HR 0.71, 95% CI 0.66–0.76) (Table 5).

Discussion

In this large, cluster-randomized trial, a standardized FLS 
intervention was associated with a reduced risk of sub-
sequent fragility fractures and reduced mortality in both 
women (13%) and men (10%) with any type of index frac-
ture. A lower risk of subsequent hip fracture (25% in women 
and 21% in men) and a second hip fracture (20% in women 

Table 2  Baseline patient characteristics in the control period and the fracture liaison service (FLS) intervention period

a Missing marital status (n = 774)
b Missing educational level (n = 1262)
c Missing urban centrality index (n = 2120)
d 100,198 patients had 104,257 fracture episodes, 3015 fracture episodes had multiple fracture types, and 4059 patients were reported in both 
groups (no FLS and FLS)

No FLS intervention (n = 57,186) FLS intervention (n = 47,071)

Women Men All Women Men All

Age (years), mean ± SD, 
median (interquartile 
range)

71.1 ± 12.8
70 (60–82)

67.3 ± 12.3
65 (57–77)

69.8 ± 12.8
68 (59–81)

70.6 ± 12.6
70 (60–81)

67.3 ± 12.2
66 (57–76)

69.4 ± 12.5
68 (59–79)

Marital status, n (%)a Unmarried 3696 (9.9) 2975 (15.3) 6671 (11.8) 3537 (11.6) 2764 (17.0) 6301 (13.5)
Previously married 17,895 (48.0) 5370 (27.6) 23,265 (41.0) 13,928 (45.8) 4329 (26.6) 18,257 (39.1)
Married 15,715 (42.1) 11,147 (57.2) 26,862 (47.3) 12,955 (42.6) 9172 (56.4) 22,127 (47.4)

Birth country, n (%) Scandinavian 35,406 (94.5) 18,270 (92.7) 53,676 (93.9) 28,459 (93.2) 14,896 (90.2) 43,355 (92.1)
Other 2076 (5.5) 1434 (7.3) 3510 (6.1) 2094 (6.9) 1622 (9.8) 3716 (7.9)

Educational level, n (%)b  < 12 years 11,717 (31.5) 4770 (24.6) 16,487 (29.1) 8169 (27.0) 3661 (22.7) 11,830 (25.5)
12 years 16,164 (43.5) 8806 (45.3) 24,970 (44.1) 12,962 (42.8) 7247 (44.9) 20,209 (43.6)
 > 12 years 9274 (25.0) 5855 (30.1) 15,129 (26.7) 9133 (30.2) 5237 (32.4) 14,370 (31.0)

Urban centrality index, 
n (%)c

Urban 25,831 (70.5) 13,046 (68.0) 38,877 (69.7) 21,287 (70.1) 11,182 (69.0) 32,469 (70.1)
Suburban 7308 (20.0) 4103 (21.4) 11,411 (20.4) 6141 (20.4) 3402 (21.0) 9543 (20.6)
Rural 3496 (9.5) 2035 (10.6) 5531 (9.9) 2698 (9.0) 1608 (9.9) 4306 (9.3)

Charlson Comorbidity 
Index groups, n (%)

0 26,090 (69.6) 12,669 (64.3) 38,759 (67.8) 21,347 (69.9) 10,596 (64.2) 31,943 (67.9)
1 5377 (14.4) 2798 (14.2) 8175 (14.3) 4322 (14.2) 2258 (13.7) 6580 (14.0)
2 6015 (16.1) 4237 (21.5) 10,252 (17.9) 4884 (16.9) 3664 (22.2) 8548 (18.2)

Index fracture  typesd, 
n (%)

Ribs, sternum, thoracic 
spine

3046 (8.1) 3709 (18.8) 6755 (11.8) 2818 (9.2) 3618 (21.9) 6436 (13.7)

Lumbar spine, pelvis 2857 (7.6) 1645 (8.4) 4502 (7.9) 2226 (7.3) 1352 (8.2) 3578 (7.6)
Upper arm 5612 (15.0) 2720 (13.8) 8332 (14.6) 4552 (14.9) 2337 (14.2) 6889 (14.6)
Forearm 11,236 (30.9) 3032 (15.4) 14,268 (25.0) 9220 (30.2) 2427 (14.7) 11,647 (24.7)
Hand, wrist 2572 (6.9) 2497 (12.7) 5069 (8.9) 2250 (7.4) 2112 (12.8) 4362 (9.3)
Hip 5443 (14.5) 2778 (14.1) 8221 (14.4) 3879 (12.7) 2056 (12.5) 5935 (12.6)
Femur 740 (2.0) 316 (1.6) 1056 (1.9) 517 (1.7) 242 (1.5) 759 (1.6)
Patella, lower leg, ankle 5245 (14.0) 2846 (14.4) 8091 (14.2) 4463 (14.6) 2347 (14.2) 6810 (14.5)
Foot 2283 (6.1) 1302 (6.6) 3585 (6.3) 1821 (6.0) 1025 (6.2) 2846 (6.1)
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Table 3  Associations of a fracture liaison service (FLS) with fracture risk and mortality in women and  mena

a Results are presented as hazard ratio (HR) with a 95% confidence interval (CI) for subsequent fractures and mortality by FLS intervention in 
100,198 patients with any type of index fracture from 2011 to 2018
b Adjusted for age, clustering by person, fracture number, and stratified on hospital
c Adjusted for age, marital status, education level, Scandinavian-born, fracture type, comorbidity, clustering by person, fracture number, and 
stratified on hospital
d Adjusted for age, marital status, education level, Scandinavian-born, fracture type, comorbidity, clustering by person, fracture number, hospi-
talization day (in splines with 8 knots), and stratified on hospital
e Subsequently, fractures were not considered as competing events of mortality; therefore, all fracture episodes were included (138,186 in 
112,900 individuals from 2011 to 2019)
Fragility fractures are defined as fractures of the distal forearm, proximal humerus, and/or hip, and the definition of all fracture groups is shown 
in Table 1

Person-years n HR (95% CI)b p-value HR (95% CI)c p-value HR (95% CI)d p-value

Women
  Fragility fractures No FLS 135,286 4489 ref ref ref

FLS 70,391 2459 0.87 (0.83, 0.92)  < 0.001 0.88 (0.83, 0.92)  < 0.001 0.87 (0.83, 0.92)  < 0.001
   Mortalitye No FLS 195,913 9524 ref ref ref

FLS 124,615 4800 0.78 (0.75, 0.81)  < 0.001 0.81 (0.78, 0.84)  < 0.001 0.82 (0.79, 0.86)  < 0.001
  Hip fractures No FLS 138,781 2259 ref ref ref

FLS 71,653 1013 0.73 (0.67, 0.79)  < 0.001 0.75 (0.69, 0.81)  < 0.001 0.75 (0.70, 0.82)  < 0.001
Men

  Fragility fractures No FLS 73,103 1278 ref ref ref
FLS 38,155 736 0.88 (0.80, 0.97) 0.012 0.89 (0.81, 0.98) 0.023 0.90 (0.81, 0.99) 0.025

   Mortalitye No FLS 102,344 5348 ref ref ref
FLS 56,880 2978 0.82 (0.78, 0.86)  < 0.001 0.84 (0.80, 0.89)  < 0.001 0.85 (0.81, 0.89)  < 0.001

  Hip fractures No FLS 73,448 776 ref ref ref
FLS 38,228 410 0.78 (0.68, 0.89)  < 0.001 0.79 (0.69, 0.90)  < 0.001 0.79 (0.69, 0.90) 0.001

Table 4  Associations of a fracture liaison service (FLS) intervention with risk of a second hip fracture and mortality after hip fracture in women 
and  mena

a Hazard ratio (HR) and 95% confidence interval (CI) for a second hip fracture and mortality by FLS in 16,326 patients with an index hip frac-
tures from 2011 to 2018
b Adjusted for age, sex, and stratified on hospital
c Adjusted for age, sex, marital status, education level, Scandinavian-born, comorbidity, and stratified on hospital
d Adjusted for age, sex, marital status, education level, Scandinavian-born, comorbidity, hospitalization day (in splines with 7 knots), and strati-
fied on hospital

Person-years n HR (95% CI)b p-value HR (95% CI)c p-value HR (95% CI)d p-value

Women
  Second hip fracture No FLS 18,774 732 ref ref ref

FLS 8419 298 0.82 (0.72, 0.95) 0.007 0.83 (0.72, 0.95) 0.007 0.80 (0.69, 0.92) 0.002
  Mortality after hip 

fracture
No FLS 20,177 3538 ref ref ref
FLS 8858 1599 0.97 (0.92, 1.04) 0.40 0.98 (0.93, 1.04) 0.56 0.98 (0.92, 1.05) 0.58

Men
  Second hip fracture No FLS 7901 310 ref ref ref

FLS 3887 133 0.82 (0.72, 0.95) 0.007 0.76 (0.61, 0.94) 0.10 0.74 (0.60, 0.92) 0.007
  Mortality after hip 

fracture
No FLS 8420 1863 ref ref ref
FLS 4078 1056 0.99 (0.92, 1.07) 0.88 0.99 (0.92, 1.07) 0.82 0.99 (0.92, 1.07) 0.86
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and 26% in men). NoFRACT is the first stepped-wedge 
cluster-randomized trial that has shown an association of 
lower subsequent fragility fracture rates by an FLS interven-
tion. A randomization on an individual level was deemed 
unacceptable, as treatment with AOD is well documented to 
reduce fracture risk [29]. However, this design is different 
from previous FLS studies, and one should be cautious when 
comparing results. Time is a potential confounder that must 
be accounted for to avoid misinterpreting reduction in frac-
ture rates by time to be an effect of FLS [30]. Confounding 
by time trends has not been considered in prior FLS studies 
[16]. Our study design allowed for a randomized trial and 
took into account time trends of declining rates of subse-
quent fractures during the study [28]. However, we cannot 
be certain that the effect of time has not impacted the results, 
as the general health of the population might have changed 
over the time of the study. Nevertheless, by introducing the 
intervention over an entire year, adjusting for calendar time, 
and letting the hospitals be their own controls, we dimin-
ished the effect of both seasons’ variation and time trends.

Some previous studies have reported a reduction in sub-
sequent fracture rates ranging from 18 [16] to 35% [17], 
whereas others found no change [20, 21]. These studies 
varied in size and design and were smaller than the current 
study, with the largest study including 21,083 patients [16]. 
We included younger patients with any type of fracture in a 
real-world setting with a lower risk of subsequent fracture 

than previous studies which included non-vertebral-[17], 
major osteoporotic-[12, 16, 18], or only hip fractures [20, 
21]. This may have attenuated our results. Despite the differ-
ence in fracture risk among women and men, the association 
of FLS with lower risk for subsequent fragility fractures was 
substantial in both sexes. This agrees with previous pub-
lished studies on fracture risk; women have a higher risk 
for fractures than men [31]; however, the effect of AOD on 
fracture risk reduction seems to be similar between the sexes 
[32]. Fracture prevention in men is however less studied than 
in women.

We also found that FLS was associated with lower all-
cause mortality after any type of index fracture by 18% in 
women and 15% in men. This is in accordance with the 
results from Huntjens et al. [14] and with recently pub-
lished register data from China [33]. The reduction in mor-
tality risk was higher than previously reported from trials 
on AOD. Speculating, we could suggest that there may be 
an effect of additional measures performed or initiated by 
the FLS directly or indirectly influencing mortality. How-
ever, no effect of the FLS on mortality after hip fracture was 
detected, and there was a high death rate after hip fractures 
in both periods. Notably, our study was not powered for 
studying hip fracture alone, but fragility fractures in general.

The stronger effect of the FLS observed in reducing the 
risk of a second hip fracture in patients with an index hip 
fracture may be attributed to the fact that the majority of 

Table 5  Associations of a fracture liaison service (FLS) intervention with fracture risk and mortality in women and men in multiple failures 
 analysisa

a Hazard ratio (HR) of subsequent fragility fracture (including hip fracture) and hip fracture only by FLS in 138,186 fracture episodes (112,900 
patients), presenting with fracture after 50 years of age at a NoFRACT hospital from 2011 to 2019 in multiple failures analysis (i.e., patients are 
considered at risk until study end/emigration or death)
b Adjusted for age, sex, clustering by person, and fracture number, and stratified on hospital
c Adjusted for age, sex, clustering by person, fracture number, marital status, educational level, Scandinavian-born, fracture type, comorbidity, 
and stratified on hospital
d Adjusted for age, sex, clustering by person, fracture number, marital status, educational level, Scandinavian-born, fracture type, comorbidity, 
hospitalization day (in splines with 7 knots), and stratified on hospital
e Fracture liaison service intervention initiated in 2015–2016
Fragility fractures are defined as fractures of the distal forearm, proximal humerus, and/or hip, and the definition of all fracture groups is shown 
in Table 1

Person-years n HRb (95% CI) p-value HRc (95% CI) p-value HRd (95% CI) p-value

Women
  Fragility fractures No  FLSe 133,929 5477 ref ref ref

FLSe 77,407 3148 0.75 (0.72, 0.79)  < 0.001 0.76 (0.73, 0.80)  < 0.001 0.76 (0.73, 0.80)  < 0.001
  Hip fractures No  FLSe 133,929 1906 ref ref ref

FLSe 77,407 951 0.67 (0.62, 0.72)  < 0.001 0.69 (0.64, 0.75)  < 0.001 0.69 (0.64, 0.75)  < 0.001
Men

  Fragility fractures No  FLSe 71,788 1468 ref ref ref
FLSe 41,108 933 0.78 (0.72, 0.86)  < 0.001 0.81 (0.74, 0.88)  < 0.001 0.81 (0.74, 0.89)  < 0.001

  Hip fractures No  FLSe 71,788 644 ref ref ref
FLSe 41,108 380 0.74 (0.65, 0.86)  < 0.001 0.77 (0.67, 0.89)  < 0.001 0.78 (0.67, 0.89)  < 0.001
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these patients were treated with intravenous zoledronic acid 
during hospitalization. This treatment provides rapid, effi-
cient long-term anti-fracture effects and no challenges per-
taining to adherence. It should be recalled that most of the 
other fracture patients had their fracture risk evaluated, and 
56% fulfilled the treatment indication. The majority of these 
were offered an oral bisphosphonate, with lower long-time 
adherence [34], as well as lower relative risk reduction for 
non-hip, non-vertebral fractures than for hip and vertebral 
fractures [35]. In addition, new vertebral fractures were not 
captured in the NPR data. This concords with data showing 
that up to 70% of vertebral fractures remain undiagnosed. 
Most patients with vertebral fractures are not referred to 
X-rays or to the hospital for treatment. Moreover, a high 
proportion of vertebral fractures are either missed or not 
reported by radiologists [36].

Limitations

This study has several limitations. Although 78% of the frac-
ture patients were offered FLS, only around 70% of eligible 
patients at the NoFRACT hospitals had an assessment of 
the fracture risk; however, more than half of those assessed 
had AOD prescribed. Some patients were unwilling to par-
ticipate, and sometimes there was a lack of capacity by the 
coordinators and staff to offer FLS to all the eligible patients 
with fractures. As the risk of subsequent fragility fractures 
is highest within the first 2 years [6], we aimed to start AOD 
treatment within 6 weeks, but this was not accomplished 
for all patients. The effect of oral bisphosphonates on non-
hip, non-vertebral fracture risk has been shown to become 
evident after more than 1 year of treatment, whereas the 
fracture-reducing effect of zoledronic acid and denosumab 
is present after 6 months [29]. Hence, longer follow-up has 
the potential to show a larger effect of FLS on any type 
of fracture than the reported estimate. Furthermore, the 
validity of the register data is most likely better for hip frac-
tures compared to other fracture types as most hip fractures 
are surgically treated at hospitals and thus more likely to 
be registered correctly compared to other fracture types. 
Longer intervals between the start of each cluster would 
have strengthened the study design. Because we depended 
on registered data for our analyses, we had limited informa-
tion about confounding factors. However, the main analyses 
were adjusted for the key confounding variables potentially 
causing baseline imbalance. Still, we cannot rule out the 
possibility of residual confounding. Based on the audit data, 
we reported that not more than 9% of the patients with a 
fracture were on AOD at the time of their index fracture in 
the intervention period (2015–2018), suggesting that few 
high-risk patients were treated with AOD before their index 
fracture. Moreover, we have some knowledge from studies 

using the Norwegian Prescription Database showing low 
uptake of AOD in Norway in the period from 2005 to 2015: 
only 5–17% of women and men were using AOD after a 
hip fracture [37], and 3–11% were using AOD after a distal 
forearm fracture [38]. In the FLS period, 56% of all fracture 
patients were started on AODs which is more than double 
compared to previous data making it more likely that the 
associated fracture risk reduction seen in the intervention 
group could be due to the FLS implementation and not only 
caused by time-trends.

Another limitation is that some patients with very low 
BMD in need for bone-forming agents may have missed the 
opportunity to be identified. In the NoFRACT algorithm, 
patients with very high imminent fracture risk were rec-
ommended to start AOD while they were in hospital and 
recommended BMD measurements within 6 weeks (except 
for the oldest patients with hip fractures). Unfortunately, we 
do not have good figures on the proportion of patients thus 
identified as very high risk and treated with anabolic bone 
medication. However, at the time, we considered that it was 
better that these patients received AOD shortly after their 
fracture, rather than to risk no or delayed treatment.

The strengths of this study include a large sample size, 
and that the effect of our FLS program was investigated in a 
real-world setting, with a representative sample of the Nor-
wegian population. The adjustment for time prevented mis-
interpretation of lower fracture rates by time to be an effect 
of FLS. The use of register data was both a strength and a 
limitation; it enabled a large sample size, prevented loss to 
follow-up, limited selection bias, and ensured that the same 
method was used for fracture identification at all hospitals 
during the study period. However, the use of register data 
from the entire health trusts for some sites and intention-to-
treat-analysis might have diluted the effect of the interven-
tion as patients who were not offered the intervention were 
included in the analysis.

Conclusion

In this secondary fracture prevention multicenter cluster-
randomized trial, implementation of a standardized FLS was 
associated with a lower risk of subsequent fragility fracture 
and mortality. The current FLS intervention was unique 
because patients with a very high risk of subsequent frac-
tures were given treatment for osteoporosis directly without 
further investigation of the fracture risk. This study supports 
the notion that the implementation of FLS is a useful method 
for secondary fracture prevention.

Supplementary Information The online version contains supplemen-
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