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ABSTRACT
Objectives To evaluate the risk of subsequent fractures in 
patients who attended the Fracture Liaison Service (FLS), 
with and without incident falls after the index fracture.
Design A 3- year prospective observational cohort study.
Setting An outpatient FLS in the Netherlands.
Participants Patients aged 50+ years with a recent 
clinical fracture.
Outcome measures Incident falls and subsequent fractures.
Results The study included 488 patients (71.9% women, 
mean age: 64.6±8.6 years). During the 3- year follow- up, 
959 falls had been ascertained in 296 patients (60.7%) (ie, 
fallers), and 60 subsequent fractures were ascertained in 
53 patients (10.9%). Of the fractures, 47 (78.3%) were fall 
related, of which 25 (53.2%) were sustained at the first 
fall incident at a median of 34 weeks. An incident fall was 
associated with an approximately 9- fold (HR: 8.6, 95% CI 
3.1 to 23.8) increase in the risk of subsequent fractures.
Conclusion These data suggest that subsequent fractures 
among patients on treatment prescribed in an FLS setting 
are common, and that an incident fall is a strong predictor 
of subsequent fracture risk. Immediate attention for fall 
risk could be beneficial in an FLS model of care.
Trial registration number NL45707.072.13.

INTRODUCTION
Patients with a recent fracture have a high immi-
nent risk of subsequent fractures as shown after 
most fractures,1–6 and a high risk of subsequent 
falls, as shown after a recent hip fracture.7–11 The 
Fracture Liaison Service (FLS) is considered 
the most effective organisational approach for 
secondary fracture prevention in patients after 
the age of 50 years with a recent fracture.

Most fractures are caused by a fall, but most 
falls do not result in a fracture.12 13 Falls are a 
major contributing factor to the occurrence 
of fractures, independent and additive to 
the risk attributable to age and bone mineral 

density (BMD).14–17 Guidelines on the FLS, 
therefore, recommend fall prevention and 
prescription of anti- osteoporosis medica-
tion (AOM) in patients at a high risk.18–22 
However, it is not well known to what extent 
the imminent risk of subsequent fractures 
after an index fracture can be attributed to 
incident falls. We hypothesised that the risk of 
subsequent fractures would be substantially 
higher in patients with falls after a recent frac-
ture than in those without falls. The aim of 
this study was, therefore, to evaluate the inci-
dence of falls and subsequent fractures, and 
the risk of subsequent fractures in those with 
and without falls after a recent index fracture 
in patients who attend the FLS.

METHODS
Study population and design
A 3- year prospective observational cohort 
study was conducted, including 500 consec-
utive patients aged between 50 years and 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Although this is one of the largest prospective stud-
ies in a Fracture Liaison Service population focusing 
on the incidence of falls after an index fracture, the 
number of patients is modest and the number of 
subsequent fractures relatively small.

 ⇒ Data on falls were collected prospectively using fall 
diaries, but no procedures were in place to validate 
self- reported falls.

 ⇒ No information was available on falls between the 
index fracture and enrolment in the study.

 ⇒ Relatively healthy patients participated in the study, 
which may have resulted in an underestimation of 
incident falls and subsequent fractures.
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90 years, with a recent, radiologically confirmed clin-
ical vertebral or non- vertebral low- trauma fracture, and 
who were willing and able to participate. Patients were 
recruited at the FLS in VieCuri Medical Center, Venlo, 
the Netherlands.

Low- trauma fractures were defined as fractures that 
resulted from a fall from standing height or less. Excluded 
were non- Caucasian patients, patients with bone metas-
tasis, failure of prosthesis or osteomyelitis and patients 
with cognitive impairment.

According to standard care, a nurse specialised in oste-
oporosis invited all patients aged 50 years and older, who 
visited the emergency department because of a recent 
clinical vertebral or non- vertebral fracture, to the FLS. 
All patients who responded and agreed to be evaluated 
scheduled an appointment for fracture risk evaluation. 
Fracture risk evaluation included a detailed question-
naire for evaluation of risk factors for fractures and falls, 
including medical history and medication use. This ques-
tionnaire was based on the Dutch guidelines on osteopo-
rosis and fracture prevention, and prevention of falls in 
the elderly.23 24 Also, height and weight were measured, 
a BMD measurement with dual- energy X- ray absorptiom-
etry of the lumbar spine, total hip and femoral neck, with 
vertebral fracture assessment was performed, and a blood 
sample was collected to detect contributors to secondary 
osteoporosis and metabolic bone disease.25 According to 
the Dutch osteoporosis guideline,23 AOM was started in 
patients with osteoporosis or having at least one moderate 
to severe prevalent vertebral fracture according to Genant 
et al.26 Bisphosphonates and denosumab were first- choice 
treatments. Teriparatide was restricted to patients already 
on another AOM with at least three fractures, of which 
two were vertebral fractures.

Falls and subsequent fractures
During the 3- year follow- up, patients were requested to 
record falls weekly in a fall diary. Fall registration started 
at the beginning of the study, mean 3.5±1.0 months after 
the index fracture. A fall was defined as an uninten-
tional change in position resulting in coming to rest on 
the ground or other lower level.27 Patients were asked to 
return their fall diaries by mail at 3 months and 6 months, 
and during the study visit at 1 year, 2 years and 3 years 
of follow- up. They were contacted by telephone if the 
fall diary was not received or incomplete. Patients were 
categorised as those with at least one incident fall (ie, 
faller) or without an incident fall (ie, non- faller) during 
follow- up.

When patients recorded a fall in their diary, they were 
also asked to record whether or not they sustained a subse-
quent clinical fracture as a direct result of the fall. Addi-
tionally, at 1- year, 2- year and 3- year follow- ups, patients 
had to complete a detailed questionnaire, including 
a question on whether they sustained a fracture due to 
another trauma than a fall or without an overt trauma. 
All subsequent fractures were radiologically confirmed 
according to radiology reports in the electronic patient 

records. Since no imaging of the spine was performed at 
the end of the study, all reported vertebral fractures were 
symptomatic, clinical vertebral fractures. A distinction 
was made between subsequent fractures that were directly 
caused by a fall (ie, fall- related fractures) and those that 
occurred without an overt trauma or were the result of 
another trauma than a fall (ie, non- fall- related fractures).

Data analysis
Baseline characteristics were compared between fallers 
and non- fallers, and between patients with and without 
subsequent fractures using the Student’s t- test or Wilcoxon 
test for continuous variables, and Chi- squared or Fisher’s 
exact test for categorical variables where appropriate. The 
incidence rate of falls and subsequent fractures per 100 
person- years was estimated at 3 and 6 months and 1, 2 and 
3 year follow- up, assuming a Poisson distribution. Kaplan 
Meier curves were made for incident falls and subsequent 
fractures, in which patients were included once, and only 
the first incident fall or subsequent fracture was included. 
Cox proportional hazards regression was used to deter-
mine the association between incident falls and subse-
quent fractures, yielding HRs and 95% CIs. Proportional 
hazard assumptions were not violated. Follow- up time 
was determined by the first subsequent fracture, lost to 
follow- up or the end of the study, whatever occurred first. 
All analyses were adjusted for the predefined covariates, 
including age, gender, index fracture type (major or hip 
vs any other fracture), BMD (lowest measured at lumbar 
spine, total hip and femoral neck) and prevalent verte-
bral fractures (moderate or severe vs mild or no prevalent 
vertebral fractures). A p value of <0.05 was considered 
statistically significant.

Two sensitivity analyses were planned: (1) excluding 
patients with index and subsequent finger or toe frac-
tures and (2) by classifying patients with a non- fall- related 
subsequent fracture as non- faller, even if they fell at 
another time during follow- up.

Patient and public involvement
Patients or members of the public were not involved in 
the design, or conduct, or reporting, or dissemination 
plans of the research.

RESULTS
Study population
Among 1220 patients who approached from the FLS, 
1011 patients met the study criteria. Of the 1011 patients, 
511 were not willing or able to participate in the study, 
and after excluding 12 patients with missing fall data, 
ultimately 488 patients were available for analysis (online 
supplemental figure 1) of whom 34 patients (7.0%) had 
incomplete follow- up data on incident falls (5 patients 
died, 8 withdrew consent and 21 had incomplete fall 
registration).

The mean time between the index fracture and FLS 
visit at which patients were included for this study was 

 on S
eptem

ber 8, 2022 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-058983 on 27 July 2022. D
ow

nloaded from
 



3Vranken L, et al. BMJ Open 2022;12:e058983. doi:10.1136/bmjopen-2021-058983

Open access

3.9±1.1 months for patients with a hip fracture and 
3.5±1.0 months for patients with other fractures. Baseline 
characteristics of the 488 study participants are presented 
in table 1. Mean age was 64.6±8.6 years and 71.9% of the 
patients were women. In 86.5% of patients, the index 
fracture was caused by a fall, and 28.5% of patients had 
at least one other fall in the year before the start of the 
study. At baseline, 21.9% of patients were diagnosed with 
osteoporosis, 51.1% with osteopenia and 27.1% had a 
normal BMD. Lowest BMD was measured at the femoral 
neck in 470 participants, at the total hip in 3 participants 
and at the lumber spine in 15 participants. Moderate to 
severe (ie, grade 2–3) prevalent vertebral fractures were 
present in 14.3% of patients. AOM was prescribed in 
34.2% of patients (8 (1.6%) were already using AOM and 
159 (32.6%) started using AOM at baseline visit).

Compared with eligible FLS attenders, who were 
not willing or able to participate in our study, patients 
included in our study were younger, had fewer major 
or hip fractures and had a higher BMD, and a lower 

proportion had prevalent vertebral fractures (see online 
supplemental table 1).

Falls
During a median follow- up of 3 years (range: 0.1–3.0 
years), 296 patients (60.7%) recorded 959 falls, corre-
sponding to 68.6 falls per 100 person- years. The cumu-
lative fall incidences and incidence rates per 100 
person- years at 3 months and 6 months, and at 1- year, 
2- year and 3- year follow- ups are presented in figure 1. Of 
the 296 patients with at least one fall, 115 (38.9%) had 
one fall and 181 (61.1%) had two or more falls (up to 39 
falls in one patient).

A first fall was recorded by 189/488 patients (38.7%) 
during the 1st year of follow- up, by 56/299 (18.7%) 
during the 2nd, and by 51/243 (21.0%) during the 3rd 
year of follow- up. The median time to the first fall was 34 
weeks (range: 1–156 weeks). Of the 959 falls, 47 (4.9%) 
resulted in a subsequent fall- related fracture.

Table 1 Baseline characteristics of 488 participants stratified by incident fall and subsequent fracture status

Total population
(n=488)

Non- fallers
(n=192)

Fallers
(n=296) P value

No subsequent 
fracture
(n=435)

Subsequent 
fracture
(n=53) P value

Age (years) 64.6±8.6 64.4±8.0 64.8±9.0 0.608 64.5±8.8 65.3±7.1 0.488

Female gender 351 (71.9) 130 (67.7) 221 (74.7) 0.095 308 (70.8) 43 (81.1) 0.114

Baseline fracture

  Finger or toe 55 (11.3) 30 (15.6) 25 (8.4) 0.060 49 (11.3) 6 (11.3) 0.460

  Minor 303 (62.1) 109 (56.8) 194 (65.5) 270 (62.1) 33 (62.3)

  Major 104 (21.3) 44 (22.9) 60 (20.3) 95 (21.8) 9 (17.0)

  Hip 26 (5.3) 9 (4.7) 17 (5.7) 21 (4.8) 5 (9.4)

  Fall related* 422 (86.5) 164 (85.4) 258 (87.2) 0.582 378 (86.9) 44 (83.0) 0.436

Fall previous year†

  0 349 (71.5) 155 (80.7) 194 (65.5) <0.001 315 (72.4) 34 (64.2) 0.208

  ≥1 139 (28.5) 37 (19.3) 102 (34.5) 120 (27.6) 19 (35.8)

BMI (kg/m2) 27.7±4.4 27.7±4.4 27.7±4.4 0.961 27.8±4.4 26.9±4.8 0.154

BMD

  Normal BMD 132 (27.1) 54 (28.1) 78 (26.4) 0.906 123 (28.3) 9 (17.0) 0.081

  Osteopenia 249 (51.0) 97 (50.5) 152 (51.4) 222 (51.0) 27 (50.9)

  Osteoporosis 107 (21.9) 41 (21.4) 66 (22.3) 90 (20.7) 17 (32.1)

Prevalent vertebral 
fracture‡§

  None 356 (73.0) 139 (72.4) 217 (73.3) 0.572 328 (75.4) 28 (52.8) <0.001

  Grade 1 62 (12.7) 22 (11.5) 40 (13.5) 54 (12.4) 8 (15.1)

  Grade 2–3 70 (14.3) 31 (16.1) 39 (13.2) 53 (12.2) 17 (32.1)

Anti- osteoporosis treatment 167 (34.2) 70 (36.5) 97 (32.8) 0.402 142 (32.6) 25 (47.2) 0.035

Continuous variables are shown in mean±SD (SD) and categorical variables are shown as number of patients (%).
*Signifying that fracture was caused by a fall.
†Fall resulting in baseline fracture not included.
‡According to Genant et al.26

§According to most severe prevalent vertebral fracture.
BMD, bone mineral density; BMI, body mass index.
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There were no significant differences in baseline char-
acteristics between patients with and without a fall during 
the 3- year follow- up, except for that a higher proportion 
of patients with incident falls reported at least one fall in 
the year before the start of the study (34.5% vs 19.3%, 
p<0.001) (see table 1). There were no significant differ-
ences in baseline characteristics between patients with 
one fall and those with multiple falls (data not shown).

Subsequent fractures
In total, 53 patients (10.9%) recorded 60 subsequent 
fractures, corresponding to 4.29 subsequent fractures per 
100 person- years. The cumulative subsequent fracture 
incidences and incidence rates (per 100- person years) at 
3 months and 6 months, and at 1- year, 2- year and 3- year 
follow- ups are presented in figure 2. Of all subsequent 
fractures, 47 (78.3%) were fall- related and 13 (21.7%) 
were non- fall- related. Fall- related subsequent fracture 
sites were: radius and ulna (n=9), tibia and fibula (n=8), 
proximal femur (n=4), metatarsal (n=4), hand phalanx 
(n=4), symptomatic vertebra (n=3), proximal humerus 
(n=3), clavicula (n=3), costal bones (n=2), scapula (n=2), 
pelvic bone (n=1), metacarpal (n=1), tarsal (n=1), patella 
(n=1) and foot phalanx (n=1), whereas subsequent non- 
fall- related fractures sites were symptomatic vertebral 

(n=5), metatarsal (n=2), foot phalanx (n=5) and hand 
phalanx (n=1). Half (53.2%) of all fall- related subsequent 
fractures were sustained at the first fall.

Baseline characteristics for patients with and without 
subsequent fractures are presented in table 1.

Of the 296 patients with at least one fall, 41 (13.9%) 
had 46 fall- related subsequent fractures, 7 (2.4%) had 
seven non- fall- related subsequent fractures and 1 (0.3%) 
had 1 fall- related and 1 non- fall- related subsequent frac-
tures. Of the 192 patients without a fall, 4 (2.1%) had 5 
non- fall- related subsequent fractures. Of note, the risk of 
subsequent fractures was higher in patients with at least 
one fall than in those without a fall (adjusted HR: 8.6; 
95% CI 3.1 to 23.8; cumulative incidence: 16.6%% vs 
2.1%) (figure 3 and table 2). Results were similar when 
femoral neck BMD instead of the lowest BMD was used 
for adjustments (adjusted HR: 8.3; 95% CI 3.0 to 23.0). 
Additionally, subsequent fracture risk was higher in 
patients with moderate or severe prevalent vertebral frac-
tures than in those with no or mild prevalent vertebral 
fractures (adjusted HR: 3.9; 95% CI 2.1 to 7.3; cumulative 
incidence: 24.3% vs 8.6%) (table 2).

The association between falls and subsequent fractures 
remained significant in sensitivity analyses (1) excluding 

Figure 1 Cumulative incidence of falls stratified by gender.
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patients with index and subsequent finger and toe frac-
tures (adjusted HR: 8.2; 95% CI 2.5 to 26.6), and (2) by 
classifying patients with a non- fall- related subsequent frac-
ture as non- faller (adjusted HR: 2.9; 95% CI 1.5 to 5.6).

DISCUSSION
In this 3- year prospective observational cohort study in 
patients aged 50+ years with a recent clinical fracture, 
treated according to current Dutch osteoporosis guide-
lines at an FLS, 60.7% of patients had at least one fall and 
10.9% had at least one subsequent fracture. The majority 
(78.3%) of subsequent fractures was caused by a fall, and 
of all fall- related subsequent fractures, 53.2% occurred at 
the first fall. Subsequent fracture risk was ninefold higher 
in fallers than in non- fallers.

Literature reporting fall incidence in patients with 
a fracture is limited. Comparable to our results, van 
Helden et al28 reported a 3- month fall incidence of 15% in 
patients with a recent fracture at an FLS, and Matsumoto 
et al29 reported a 1- year fall incidence of 40% in ambula-
tory patients with a recent fracture. Various other studies 
included older, hip fracture patients and reported higher 
1 year fall incidences up to 55%,7–11 except for the study 
from Yeh et al that reported a lower 1- year fall incidence 
(31%).30 Higher fall incidences in hip fracture studies 
can partially be explained by the older study population. 
Unfortunately, other fall risk factors cannot be compared. 

An explanation for the lower fall incidence in the study 
by Yeh et al may be that information on the occurrence of 
falls was provided by patients and family caregivers, which 
may have resulted in under registration of falls.

A comparison between the fall incidence in our study 
and that in the general population is difficult to make, 
because population- based studies were conducted in a 
65+ years old, community- dwelling population, whereas 
approximately 50% of our study population was <65 years 
old. The proportion of community- dwelling people aged 
65+ years sustaining at least 1 fall over a 1- year period 
ranged from 28% to 35%,31–33 with an increasing inci-
dence with increasing age.34 The 1- year fall incidence 
reported is our study is comparable to that in an older 
(65+ years aged) population, and, therefore, relatively 
high. However, in contrast to what has been reported in 
the literature, we found no higher 3- year fall incidence 
with increasing age. An explanation for this could be that, 
especially in the older age group, relatively more healthy 
patients participated in our study, resulting in a lower fall 
incidence in older age group. Another explanation could 
be that patients aged 50–65 years are more physically 
active, and, therefore, fall more often.

Compared with our results, previously published FLS 
studies reported lower,35 36 similar28 37 38 and higher39 40 
subsequent fracture rates. Differences can be explained 
by differences in patient selection. Studies that included 

Figure 2 Cumulative incidence of subsequent fractures stratified by gender.
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older patients39 and patients with more severe fractures40 
reported higher subsequent fracture rates, whereas 
studies that excluded hand and foot index and subse-
quent fractures35 or frail patients reported lower rates.36

In 2010, the Dutch population consisted of approxi-
mately 6 000 000 people aged 50+ years, of whom 119 419 
sustained a fracture that year,41 corresponding to a calcu-
lated annual fracture incidence of 2.0% in the general 
Dutch population of 50+ years. Compared with the 
general Dutch population of 50+ years, the fracture inci-
dence was more than 2 times higher in our study, even in 

the 3rd year of follow- up. In our study, fracture incidence 
remained high despite treatment according to the current 
osteoporosis guideline, raising the question of what more 
can be done to prevent subsequent fractures. Even though 
conflicting results have been published about the effect 
of fall prevention strategies on subsequent fracture,42 we 
hypothesise that fall interventions could be effective in 
patients at highest risk, namely those with a recent frac-
ture at risk of falling. Furthermore, according to litera-
ture, recurrent fallers have an almost fourfold increased 
odds of sustaining a fall- related fracture compared with 
individuals with a single fall.43 However, we found that the 
majority of subsequent fall- related fractures occur at the 
first fall after the index fracture, with a median time to 
the first fall of 34 weeks. Interestingly, fall incidence was 
higher in the first year of follow- up compared with the 
second and third years. This may indicate an imminent 
fall risk, which may attribute to the imminent subsequent 
fracture risk after an index fracture.1–6 This implies that 
the FLS patients with a high fall risk should be identified 
immediately, because there is a small window of opportu-
nity to prevent falls and fall- related subsequent fractures.

Remarkably, in contrast to previous studies indicating 
that imminent fracture risk that was highest in the 1st 
year after an index fracture,44 45 there was a linear subse-
quent fracture incidence during a 3- year follow- up in this 
study. An explanation for the linear subsequent fracture 
incidence may be the relatively healthy patients who 

Figure 3 Cumulative incidence of subsequent fractures stratified by fall status.

Table 2 Predictors of refracture: results of the Cox’s 
proportional hazard model

Predictor
Unit of 
comparison HR and 95% CI P value

Gender Women vs men 1.39 (0.68 to 2.83) 0.362

Age +5 years 0.97 (0.82 to 1.13) 0.662

Index 
fracture

Major or hip vs 
all other

0.68 (0.35 to 1.33) 0.263

BMD −0.12 g/cm2 1.30 (0.95 to 1.78) 0.101

Prevalent 
vertebral 
fracture

Yes vs no 3.88 (2.07 to 7.27) <0.0001

Fall Yes vs no 8.58 (3.09 to 23.8) <0.0001

BMD, bone mineral density.
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agreed to participate in our study. Compared with non- 
attenders, they were younger, and a lower proportion had 
a major baseline fracture, a prevalent vertebral fracture 
and osteoporosis, and if indicated, were more likely to 
receive AOM. Importantly, in addition to falls, moderate 
to severe prevalent vertebral fractures at baseline were 
associated with subsequent fractures, even though anti- 
osteoporosis medication had been prescribed to these 
patients according to the current Dutch osteoporosis 
guideline.

This study has several limitations. Although, this is one 
of the largest prospective studies in an FLS population 
focusing on the incidence of falls after an index fracture, 
the number of patients is modest and the number of 
subsequent fractures relatively low. Therefore, the asso-
ciation between falls and fall- related, and non- fall- related 
subsequent fractures could not be analysed separately. A 
fall ‘not resulting in a subsequent fracture’ might indi-
cate frailty of patients, and might be different from those 
falls that directly resulted in a subsequent fracture. Future 
studies are needed to investigate this difference. Finally, 
because of small numbers, subgroup analyses should not 
be performed. Furthermore, data on falls were collected 
prospectively using fall diaries that had to be returned at 
3 months and 6 months, and 1 year, 2 years and 3 years. 
However, no procedures were in place to validate self- 
reported falls, and it is possible that recall bias could have 
led to underregistration of falls. Moreover, no informa-
tion was available on falls between the index fracture 
and enrolment in the study. Finally, relatively healthy 
patients participated in the study. Compared with non- 
attenders, they were younger, a lower proportion had a 
major baseline fracture, a prevalent vertebral fracture 
and osteoporosis. The proportion of patients with a fall 
and subsequent fractures could be expected to be even 
higher in the total FLS population.

In conclusion, in this 3- year prospective observational 
cohort study in FLS patients, subsequent fracture inci-
dence was high despite being prescribed anti- osteoporosis 
medications according to the current Dutch osteoporosis 
guidelines. Subsequent fracture risk was 9- fold higher in 
fallers than in non- fallers, and the majority of fall- related 
subsequent fractures occurred at the first fall at a median 
time of 34 weeks. These findings emphasise that imme-
diate attention for fall risk reduction could be beneficial 
in FLS care. Various risk factors, including comorbid-
ities, medication use, polypharmacy and alcohol use 
among others, contribute to patient’s fall risk and further 
research is needed to determine predictors for falls to 
identify patients at highest risk of falling.
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