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Abstract

Summary Fractures after the age of 50 are frequently observed
in Denmark, and many of these may be osteoporotic. This
study examined the incidence of all and subsequent fractures in
a 10-year period from 2001 to 2011. The incidence of subse-
quent fractures was high, especially following hip fracture.
Introduction The purpose of this study is to examine patterns
of subsequent fractures and mortality rates over a 10-year
period in patients already suffering from fracture.

Methods The study was designed as a nationwide, register-
based follow-up study. Patients were included if diagnosed
with an index fracture (ICD-10 codes: S22.x, S32.x, S42.x,
S52.x, S62.x, S72.x, S82.x, S92.x, T02.x, T08.x, T10.x and
T12.x) between January 1st, 2001 and December 31st, 2001
and if older than 50 years at time of fracture. The patients were
investigated for future subsequent fractures from January 1st,
2002 to December 31st, 2011.

Results In this study, we demonstrated that patients with
fractures (especially hip fractures) have a high risk of
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subsequent fractures, especially hip fracture. Other fractures,
which are not commonly considered as osteoporotic fractures,
such as lower leg, were frequently observed in the 10 years
following index fracture. The cumulative incidence propor-
tion (CIP) of subsequent fractures during the 10-year follow-
up period was high for all recurrent fractures (9—46 %). Sub-
sequent hip fracture, regardless of index fracture, had the
highest CIP across the study period, ranging from 9 to 40 %.
Appendicular fractures were often followed by a recurrent
fracture, or subsequent fractures at a more proximal location
in the same limb, i.e. forearm fractures were followed by
humerus fractures. These results have not been previously
demonstrated to this extent, and according to our knowledge,
no previous studies have estimated cumulative 10-year subse-
quent fracture incidences for any non-hip fractures.

Conclusion Patients suffering a fracture (and especially a hip
fracture) have a high incidence of subsequent fracture. Frac-
tures after the age of 50 may be considered an early warning of
increased risk for future fractures in many patients.
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Introduction

Osteoporotic fractures have typically been characterized
as fractures of the hip, spine and forearm resulting
from low energy trauma, although proximal humerus
fractures may also be considered as osteoporotic frac-
tures [1-3]. Clinically, osteoporosis is defined by a low
bone mineral density (BMD), which is closely associ-
ated with increased risk of low energy trauma fractures
[1, 4]. Thus, a diagnosis of osteoporosis can be made
based on dual X-ray absorptiometry or in the presence
of low energy fractures. In the latter case, fractures
serve as a marker of low BMD or impaired bone
quality. However, previous studies have shown that
only the minority of fracture patients receive anti-
osteoporotic medication [5, 6].

Osteoporotic fractures and hip fractures in particular have
immediate consequences for patients such as increased mor-
tality [7, 8] and transiently or permanently decreased health-
related quality of life [9]. Furthermore, these fractures, of
which a large part is preventable, entail substantial costs for
society [5].

Fracture risk assessment tools [10, 11] have been
used to primarily identify the risk of future hip fracture
and of other major osteoporotic fractures (MOF) in
order to predict a 10-year fracture probability. Fracture
prevention programmes [12] have focused on identify-
ing patients at risk of secondary low energy trauma
fractures. Both fracture risk assessment tools and frac-
ture prevention programmes apply risk factors for as-
sessment. The most important risk factors include age
and gender, which are associated with both increased
risk of falling and decreased bone strength [13, 14] and,
thus, increased risk of hip fracture [15-18]. Further-
more, fracture patients have an increased risk of future
fractures. Studies have shown that within the first month
following a hip fracture, the risk of a second hip frac-
ture is increased by 11.8 (relative risk: RR), then de-
creases to 2.2 (RR) after 1 year [8], but remains in-
creased for up to 15 years [8]. Similarly increased risks
have been reported following all index fractures regard-
less of subsequent fracture site [18].

When identifying a low energy trauma fracture, doctors
need information on the future risk of fractures, especially for
major osteoporotic fractures, in order to guide patients prop-
erly in choosing treatment regiments. The aim of the present
study is to examine patterns of subsequent fracture and mor-
tality rates in a 10-year time span.
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Subjects and methods

In Denmark, the extensive use of registers covering contacts to
the health sector offers the possibility of reliable studies on the
occurrence of fractures [19]. The National Hospital Discharge
Register (NHDR) has a nationwide coverage of public hospi-
tals with an almost 100 % completeness of records and a high
precision of diagnoses [20, 21] including fracture diagnoses
[22]. NHDR has covered both inpatient and outpatient con-
tacts since 1995; thus, all diagnosed fractures are presumed to
be captured in this register. The validity of fracture reports in
NHDR compared with patient files has previously been re-
ported at 97 % [22]. NHDR includes information on the civil
registration number, date of discharge and discharge diagno-
ses assigned by the physician according to the Danish version
of the International Classification of Diseases (ICD). Since
1993, the ICD 10th revision has been used in Denmark.
Danish registers can be linked by Statistics Denmark due to
the civil registration number, which is unique to each individ-
ual in Denmark and enables broader epidemiological studies.

The study was approved by the National Board of Health
and the Danish Data Protection Agency. The study is reported
in accordance with STROBE guidelines [23].

Study design

The study was designed as a nationwide, register-based fol-
low-up study. Patients were included if diagnosed with an
index fracture (ICD-10 codes: S22.x, S32.x, S42.x, S52.x,
S62.x, S72.x, S82.x, S92.x, T0O2.x, TO8.x, T10.x and T12.x)
between January 1st, 2001 and December 31st, 2001 and if
older than 50 years at time of fracture. For this study, some
fracture types (such as skull, patella, foot and others) were not
included. The patients were investigated for future subsequent
fractures from January 1st, 2002 to December 31st, 2011.
Subsequent fractures were defined as either recurrent fracture,
where index and subsequent fractures were of the same type,
or second fracture, where index and subsequent fractures were
of different types. The number of fractures and deaths was
calculated per calendar year, only allowing each patient one
fracture per group per calendar year to avoid double counting.
Fractures were aggregated in the following groups, of which
MOF sites are the hip, forearm and vertebra:

* Lower leg (S82.2-8)

*  Femur (non-hip) (S72.3-9)

* Hip (S72.0-2)

e Pelvis (S32.3-5)

* Vertebral (S22.0-S22.1, S32.0-S32.2, S32.7, S32.8,
T08.x)

*  Forearm (S52.x)

e Humerus (S42.x)
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Table 1 Patient characteristics: the number of patients above age of 50 with fractures from 2001 to 2011 according to fracture site, gender and incidence

of fracture for the population. Incidence is given per 1,000 person-years

Fracture type Mean age+SD  Proportion Crude number of Incidence of fractures
women fractures, 2001
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Lower leg 65.7+11.6 65.9 5,455 30 30 28 29 30 30 27 27 28 35 3.1
Femur (non-hip) 77.0+12.3 73.0 1,273 07 08 07 07 07 07 07 07 06 06 06
Hip 80.3+9.9 72.8 11,103 61 60 57 58 56 53 52 51 49 49 46
Pelvis 78.5+11.7 79.6 1,395 08 08 08 08 07 07 07 07 07 07 07
Vertebral 74.4+12.3 69.1 2,322 13 13 13 13 13 13 12 13 13 13 14
Forearm 70.3+£11.8 82.8 11,547 64 64 61 60 64 65 58 58 59 73 69
Wrist 70.8+11.6 84.6 9,418 52 53 50 50 52 53 48 47 48 61 57
Humerus 72.1£12.5 70.1 7,308 40 41 40 41 41 40 40 40 41 42 41

From the Danish Civil Registration System, migrations or
date of death during the study period were retrieved, and these
patients were censored as these were considered lost to fol-
low-up. To account for deaths during the study period, we
used the actuarial method, assuming that the number of deaths
were constant during a period of time.

Furthermore, incidence rates for all fracture groups are
reported from 2001 to 2011, for individuals aged 50 years at
time of fracture.

Statistics

Data from the different registers were merged at Statistics
Denmark. For each subject, their unique personal civil

registration number was substituted by a unique anonymous
case number. Data were reported as mean+standard deviation
(SD) and percentages (%). Mortality was accounted for by use
of actuarial method, and chi-square test was used to test
difference in mortality between groups. All analyses were
performed using Stata MP 13 (StataCorp, College Station,
TX, USA) and SPSS 20.0 (SPSS Inc., Chicago IL).

Results

From 2001 to 2011, the crude number of fractures in the
included groups in Denmark rose from 45,691 to 49,050.

Table 2 Gender-stratified 10-year subsequent fracture incidence in percent, for both men and women

Index fracture Subsequent fracture

Lower leg Femur (non-hip) Hip Pelvis Vertebral Forearm Humerus Any
Men
Lower leg 21.1 2.5 8.7 0.9 2.8 6.8 8.1 62.0
Femur (non-hip) 10.3 20.2 17.0 32 32 9.1 11.9 64.8
Hip 39 5.0 33.8 1.8 3.1 54 9.4 56.1
Pelvis 5.0 33 21.1 9.4 5.0 7.2 15.6 55.0
Vertebral 5.0 23 15.0 1.9 20.2 4.8 10.0 523
Forearm 4.8 1.4 10.7 1.9 3.1 14.5 9.9 41.7
Humerus 5.6 2.5 16.5 24 3.7 8.6 23.8 55.7
Women
Lower leg 21.4 35 12.5 2.1 29 14.4 10.3 60.8
Femur (non-hip) 8.7 20.2 20.5 4.0 3.0 10.5 9.0 65.8
Hip 6.1 8.4 40.3 5.7 4.7 14.3 14.1 82.1
Pelvis 8.1 6.6 29.5 11.7 7.1 16.4 15.8 81.4
Vertebral 6.2 4.5 25.9 8.8 17.6 16.1 17.0 81.9
Forearm 6.1 2.5 19.3 29 3.6 24.8 133 65.3
Humerus 7.4 4.0 26.3 42 54 22.5 26.9 84.8
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Indeed, the incidence of all but hip fractures increased during
the study period, Table 1. For MOF, the annual number of hip
fractures decreased (from 11,103 to 9,310), whereas wrist and
vertebral fractures increased (from 9,418 to 11,383 and from
2,322 to 2,814, respectively), in the same period of time.

The average annual incidence of any fracture from January
Ist, 2001 to December 31st, 2011, for individuals older than
50 years at the time of fracture, was highest for forearm and
hip fractures (6.3 and 5.4 per 1,000 persons, respectively) and
was lowest for pelvic and femur (non-hip) fractures (both 0.7
per 1,000 persons). Considerably, more women than men
experienced a fracture, as women accounted for 71.8 % of
all fractures, p<<0.001. The average age at index fracture (for
all fracture groups) was 72.1 years, with the lowest average
age in patients with a lower leg fracture (65.7+11.6 years) and
highest in patients with a hip fracture (80.3+9.9 years)
(Table 1).

During the 10-year follow-up period, the incidence of any
recurrent fracture, i.e. where index and subsequent fractures
are of the same type, was high for all groups (9-34 % for men

and 1240 % for women, see Table 2). Subsequent hip frac-
ture, regardless of index fracture, had the highest incidence
across the study period, ranging from 9 to 40 %. For both men
and women, the frequency of second pelvic, lower leg, femur
(non-hip) or vertebral fracture was low (<8 %) (Table 2). A
total of 11 % of patient with a forearm index fracture experi-
enced a subsequent humerus fracture and 11 % of patients
with a lower leg index fracture had a hip fracture within the
follow-up period. The same tendencies were present when
looking at the gender-stratified subsequent fracture rates
(Table 2).

The mortality rate in the first year following a fracture was
highest for femur (non-hip) fracture (26 % for men and 19 %
for women, p<0.001). Forearm fracture had the lowest 1-year
mortality rate (4 % for both men and women, p value not
significant). The 10-year mortality rate was highest for hip
fractures (87 % for men and 85 % for women, p<0.001) and
lowest for forearm fractures in men and lower leg fractures in
women (36 % for both, p value not significant). The cumula-
tive survival rate curves in the 10-year period following any

Fig. 1 Cumulative survival rate
for men and women following the
seven index fracture groups for

Men

the 10-year study period

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
———Forearm = Femur (non-hip) === Humerus —— Lower leg
Pelvis ~—\/ertebral = Hip
Women

2001 2002
= Forearm

= Pelvis

2003 2004 2005 2006 2007 2008 2009 2010 2011
———Femur (non-hip) ==—Humerus Lower leg
——\/ertebral ——=Hip
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fracture type is illustrated in Fig. 1. Furthermore, the 10-year
mortality rate for MOF divided into age groups (Fig. 2)
showed that mortality was lower for women than men regard-
ing all MOFs. Furthermore, hip fracture had the highest mor-
tality of all MOFs across age groups. The 10-year mortality
rates illustrated in this study following an index hip fracture
for the age group 50-59 were 58 and 44 %, for men and
women respectively. This is significantly higher than the
equivalent 10-year mortality rate for the entire Danish

population, which was 11 and 7 % for men and women,
respectively [24] (p<0.001 for both). For patients in the age
group 80+years, the 10-year mortality rate for hip fractures
was 98 % for men and 95 % for women. This is significantly
higher than the equivalent 10-year mortality rate for the entire
Danish population in this age group for the same period,
which was 86 and 80 % for men and women, respectively
[24] (p<0.001 for both). In the Supplementary material, mor-
tality life tables are presented.

Fig. 2 Ten-year survival rates for 1
the three major osteoporotic

fractures, stratified into 10-year
age groups. Fractures are index 0.8
fractures in 2001 07
0.6
0.5
0.4
0.3

0.2

-~ -
0.9 ~~ao
-~ -
—

50-59 60-69
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= === Background - Men
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= === Background - Women
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Discussion

In this nationwide cohort study, we demonstrated that patients
who suffered a fracture have a high risk of subsequent frac-
tures, especially for hip fracture. Other fractures, which are not
commonly considered as osteoporotic fractures, such as lower
leg, were frequently observed in the 10 years following index
fractures. Appendicular fractures were often followed by a
recurrent fracture, or subsequent fractures at a more proximal
location in the same limb, i.e. forearm fractures were followed
by humerus fractures. These results have not been previously
demonstrated to this extent, and according to our knowledge,
no previous studies have estimated cumulative 10-year subse-
quent fracture incidences for any non-hip fractures.

The 10-year mortality rates found in this study were
considerably higher than the equivalent 10-year mortal-
ity rate for the entire Danish population. These findings
are supported by other studies [7, 25-27]. Mortality
following fracture was higher for men than women
regardless of age, which underlines the need for early
prevention of fractures and diagnosis of osteoporosis in
men. This result is supported by previous studies on
Danish fracture patients [7, 8].

Studies have shown that, amongst patients with hip frac-
ture, 20-50 % have suffered a previous fracture [8, 28, 29]. A
large proportion of patients may, potentially, be identified
prior to hip fracture. Results from this study showed that
patients with a fracture, regardless of type, had a high rate of
subsequent forearm, humerus and hip fractures within the
following 10 years, which for men were 5-15, 824 and 9—
34 %, respectively (Table 2). The equivalent rates for women
were 11-25, 9-27 and 13-40 %, respectively. Furthermore,
this study showed that within 10 years, 347 % fracture
patients will experience a MOF and that an index MOF will
result in recurrent fracture for 11-40 % of patients, which is
supported by a previous study [26]. Fracture prevention
programmes targeting patients with any type of low energy
trauma fractures could, therefore, be anticipated to prevent
especially hip, humerus and forearm subsequent fractures as
these are the most frequent [3, 30].

The mean age for patients at the time of index fracture in
this study was 72.1 years, and the mean age at the initiation of
anti-osteoporotic treatment is 73 year in Denmark; thus, many
patients would be expected to receive treatment at the time of
fracture, both index and subsequent fractures. Previous studies
have shown that only the minority of fracture patients receive
anti-osteoporotic medication [5, 6]. Approximately 85 % of
hip fracture patients have previously been shown to have
osteoporosis [31] and are, thus, ideal candidates for anti-
osteoporotic treatment. Hence, it is important to initiate treat-
ment if a low energy fracture has occurred, both to prevent
future fractures and to decrease the high mortality due to
osteoporotic fractures [32—34].
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One of the strengths in this study was the study design. As
data were collected from nationwide registers with a generally
excellent fracture registration, selection bias seems unlikely
[22]. However, there were also some limitations to this study,
including the observed study population, time span and fur-
thermore the use of registries in relation to vertebral fractures.
For the observed study population, incidence rates for forearm
and hip fractures varied substantially between 2001 and 2011,
which is consistent with other studies [35]. Regarding hip
fractures, this could be due to improved awareness on preven-
tion, both concerning pharmaceutical treatment and lifestyle
changes [36]. This study had a 10-year perspective, from
which fracture risks were estimated. This was chosen in order
to produce results comparable to those of fracture risk assess-
ment tools and fracture prevention programmes. However,
this length of time may not capture the true risk between index
and subsequent fractures, as some subsequent fractures may
occur more than 10 years after the index fracture. In this study,
distal fractures (e.g. lower leg) occurred earlier in life (mean
age around 66 years) and proximal fractures (e.g. hip) oc-
curred on average more than 10 years later (mean age around
80 years). Use of registries for diagnosis have previously
shown a high accuracy in fracture diagnosis [22]; however,
other studies find that only a minority of vertebral fractures are
diagnosed and registered [31, 37]. Registries may, therefore,
may be insufficient for identification of the true vertebral
fracture incidence rate and these rates may, thus, not be
comparable to other fracture incidence rates. In this study,
low and high energy fractures have not been differentiated.
It would be expected that the number of subsequent fractures
would be substantially higher following low energy fracture
compared to high energy fractures. However, due to the study
design, it was not possible to distinguish between these.

In conclusion, patients suffering a fracture (and especially a
hip fracture) have a high incidence of a subsequent fracture.
Fractures after the age of 50 may be considered an early
warning of increased risk for future fractures in many patients,
and this actualizes the discussion for implementing fracture
risk assessment tools and fracture prevention programmes.
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