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Abstract
Summary In the present study, we used national health care
databases to estimate fracture incidence rates (IRs) and com-
pared these IRs based on imputed data. We showed that im-
putation could lead to both over- and underestimation of IRs,
and future research should therefore focus on how to improve
those imputations.
Introduction Osteoporosis is a major public health bur-
den through associated (osteoporotic) fractures. In
Denmark, the incidence rates (IRs) of hip fracture are
widely available. However, there is limited data about
other fracture sites. A recent report could only provide
imputed IRs, although nationwide data is readily avail-
able in electronic healthcare databases. Therefore, our
aim was to estimate fracture site-specific IRs for
Denmark in 2011 and to compare those to the previous-
ly reported imputed data.

Methods Data from the Danish National Hospital Discharge
Register was used to estimate age- and gender-specific IRs for
any fracture as well as for different fracture sites in the Danish
population aged 20 years and older in 2011. Hip fracture IRs
were stratified to sub-sites, and IRs were determined for all hip
fractures which were confirmed by surgery.
Results The total number of incident fractures in 2011 was 80,
760 (IR 191, 95 % confidence interval (CI) 190–192 (per 10,
000 person-years)), of which 35,398 (43.8 %, IR 171, 95% CI
169–173) occurred in men and 45,362 (56.2 %, IR 211, 95 %
CI 209–213) in women. The majority of the fractures occurred
in the population aged 50 years and older (n=50,470, IR 249,
95 % CI 247–251). The numbers of any hip fracture were
lower than the previously imputed estimates, whereas the
number of forearm fractures was higher.
Conclusion We showed age- and gender-specific fracture
rates for any fracture as well as for different fracture sites.
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The IRs of most fracture sites increased with age. Estimating
the number of fractures for Denmark based on imputation of
data from other countries led to both over- and underestima-
tion. Future research should therefore focus on how to im-
prove those imputations as not all countries have nationwide
registry data.

Keywords Epidemiology . Fractures . Incidence rates .

Osteoporosis

Introduction

Osteoporosis is a major public health burden through associ-
ated (osteoporotic) fractures. In 2010, an estimated number of
66,000 incident fractures (12,000 hip fractures) occurred in
the Danish population aged 50 years and older [1]. The asso-
ciated costs of osteoporosis were estimated at €1055 million
for Denmark, 2010 [1]. The estimated costs of osteoporotic
fractures have been projected to increase by about 50 % in
2025 due to ageing of the population [2].

An increasing number of studies have shown that secular
trends in the incidence of hip fractures have levelled off or
started to decline [3, 4]. A call to update the data for as many
countries as possible has been made [3]. Hip fracture inci-
dence rates (IRs) have been estimated in different periods for
the Danish population [5, 6], and IRs of distal forearm fracture
are available for the period 1976–1984 [7] and for 2010 [8].

The International Osteoporosis Foundation (IOF) estimat-
ed the country-specific burden of osteoporosis and the number
of incident fractures in 2010 for individuals aged 50+ in
Denmark [1]. Danish hip fracture IRs for 2004 were available
from health registries which contain data on both in- and out-
patient treatments [9]. IRs for other fracture sites were not
available and, therefore, Swedish data from 1987 to 1994
were used [10]. All radiography referrals that come to medical
attention are recorded for Malmö, Sweden. Age- and sex-
specific incidence rate ratios (IRRs) were calculated for the
different fracture sites as compared to hip fracture in this pop-
ulation [10]. The estimated IRRs were then applied to the
Danish hip fracture IRs, assuming that the age- and sex-
specific IRRs were equal in Sweden and Denmark [1]. The
IRs of forearm fractures in 2010 have recently been estimated
for Denmark [8] using health registry data, which has shown a
high validity [11], and these IRs were somewhat higher than
the imputed IRs by the IOF [1].

Danish IRs are available for hip [5, 6] and forearm fractures
[7, 8]. However, there are no data on the IRs of other fracture
types. It has been shown for forearm fractures that imputation
based on data from other countries might underestimate the
real IR [8], but this has not been examined for other fracture
types. Therefore, the objective of our study was to estimate

fracture site-specific IRs for Denmark in 2011 and to compare
those to the previously reported imputed data.

Methods

Source population

In Denmark, the extensive nature of registers, covering con-
tacts to the health sector, offers good possibilities for studies
on the occurrence of fractures [11]. Using the unique 10-digit
civil registry number that is assigned to all Danish citizens
shortly after birth, a complete hospital discharge history can
be established for each individual, and valid linkage between
population-based registries can be obtained [12]. Data on all
changes in vital status, including change of address and date of
death for the entire Danish population has been registered
since 1968 in the Civil Registration System. The Danish
National Hospital Discharge Register (NHDR) [13] was
founded in 1977 and covers all inpatient contacts from 1977
to 1994, and from 1995 furthermore includes all outpatient
visits to hospitals, outpatient clinics and emergency rooms.
The reliability of Danish national fracture records has shown
to be high, with a concordance of 94 % for hip, 84 % for
forearm and 83 % for humerus fractures between self-
reported and registered fractures in female health profes-
sionals [11]. This was not a clinical trial and ethics committee
approval was not required.

Study design

Patients were included when they were diagnosed with a frac-
ture, high or low trauma, in 2011 and aged 20 years or older.
Any fracture was determined by the following International
Classification of Diseases and Related Health Problems
(ICD)-10 codes: S02, S12, S22, S32, S42, S52, S62, S72,
S82, S92, T02, T08, T10 and T12. We investigated the fol-
lowing fracture sites: skull (S02), clinical symptomatic verte-
bral fracture (S12, S22.0, S22.1, S32.0, T08), ribs (S22.2 -
S22.9), pelvis (S32), clavicle (S42.0), scapula (S42.1), humer-
us (S42.2–S42.4), forearm (S52), carpal (S62.0, S62.1), hip
(S72.0 - S72.2), femur unspecified (S72.3 - S72.9), patella
(S82.0), tibia/fibula (S82.1–S82.4), ankle (S82.5, S82.6,
S82.8) and foot (S92). Unspecified fracture consisted of all
other fracture ICD-10 codes. Major osteoporotic fracture was
determined as a hip, humerus, forearm or clinical symptomatic
vertebral fracture according to the WHO definition [14]. Hip
fracture was further stratified by the location of the fracture:
neck, pertrochanteric or subtrochanteric (ICD-10: S72.0,
S72.1 and S72.2, respectively). Surgery codes ‘KNFB’
and ‘KNFJ4-9’ [15] were used to determine which hip
fractures were confirmed by surgery within 10 days af-
ter the date of fracture.
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The population demographics of the background popula-
tion in 2011 were obtained online from Statistics Denmark
(www.statistikbanken.dst.dk). IRs (number of fractures/
10,000 person-years) were calculated by dividing all cases
of the first recorded fracture during 2011 over the total
number of persons alive on July 1, 2011, and aged 20 or
older. To overcome the potential problem of counting the
same fracture twice, all fractures with a record of a previous
fracture (of the same type or coded as unspecified) in 6months
before the fracture date in 2011 were excluded. Age- and
gender-specific IRs were estimated as well as IRs for the
above defined fracture sites. Women-to-men IRRs were deter-
mined by dividing the women IR over the men IR. For the
different fracture types, the first fracture in that specific cate-
gory was used to calculate the IR.

Results

The total number of incident fractures in people aged 20 years
and older in 2011 was 80,760 (IR 191, 95 % confidence in-
terval (CI) 190–193 per 10,000 person-years (py)), of which
45,362 (56.2 %, IR 211, 95 % CI 209–213) occurred in wom-
en and 35,398 (43.8 %, IR 171, 95 % CI 169–173) in men,
Table 1. The majority of the fractures occurred in the popula-
tion aged 50 years and older (n=50,470, IR 249, 95 % CI
247–251), Table 1. When patients with a history of a fracture
in 6 months before were not excluded, the total number of
incident fractures in people aged 50 years and older was
4.5 % higher (n=52,745). Until the age of 50, fractures oc-
curred more often in men than in women (women to men IRR
0.60; 95 % CI 0.59–0.62). Whereas after the age of 50, the
majority of the fractures occurred in women (IRR 1.89; 95 %
CI 1.85–1.92). Figure 1 shows that the IRs strongly increased
in both men and women after age 75.

The total number of incident of the major osteoporotic
fractures was 35,102 of which 82 % occurred in the popula-
tion aged 50 years and older. Women accounted for two third
of the major osteoporotic fractures, and their IR was 2.5 times
higher than the IR for men aged 50+, Table 2. Men and wom-
en showed a comparable IR until the age of 50, thereafter the
IRs started to diverge until the age of 75 (Fig. 2).

The following sites showed homogeneous patterns of frac-
ture IRs with age: femur, hip, humerus, pelvis, clinical symp-
tomatic vertebral, rib, major osteoporotic and any fracture.
There was an exponential increase starting at the 50–54 age
category (Fig. 2). The IR of forearm fractures yielded a strong
increase from the age of 45 years. The IRs of tibia and clavicle
fractures started to rise at age 75. The IRs of carpal, skull and
foot fractures (men only) declined with age, whereas the IRs
of foot fractures rose in women aged 45–59 years and de-
creased thereafter. The IR of ankle fractures in men was
steady, in contrast to the IR for women, which rose until age

60 and then stabilized. Rib and patella fractures showed a
continuous increase for both men and women. Table 2 shows
the IRs and total number of fractures in the population aged 50
and older. The women-to-men IRR was highest for forearm
fracture (IRR 3.8).

Stratification to hip fracture sites did not result in different
patterns, Table 3. The hip fracture IRs strongly increased from
age 75. The IR was higher in women than in men and the
majority (53.5 %) of the hip fractures occurred in the neck
of the hip. Table 4 shows the IRs of hip fractures which were
confirmed by a surgery in 10 days after the date of fracture;
those IRs were about 15 to 20 % lower than the total hip
fracture IRs. The same IR pattern was visible as with hip
fracture and hip fracture stratified by fracture location.

Our estimated number of fractures for various sites was
considerably different to the estimates from the IOF. The num-
ber of incident fractures in patients aged 50 years and older
(including people with a history of a fracture in 6 months
before) was 52,745, 10,488, 13,746 and 2299 in the present
study for any hip, forearm and clinical symptomatic vertebral
fracture, respectively. The IOF estimate was 25 % higher for
any fracture (N=66,000), 14% higher for hip fracture (N=12,
000) and 27 % lower for forearm fracture (N=10,000) [1].
The IOF estimate for clinical symptomatic vertebral fracture
was 4.3 times higher (N=10,000) as compared to our results
[1].

Discussion

We have reported age- and gender-specific IRs for different
fracture sites in the Danish population aged 20 years and older
in 2011. The total number of incident fractures was 80,760.
The IRs for any hip, femur, humerus, pelvis, clinical symp-
tomatic vertebral, rib and major osteoporotic fracture in-
creased with age, in contrast to the fractures of the carpus, foot
or skull, which declinedwith age. Until the age of 50, fractures
occurred more frequently in men than in women, while this
was reversed after the age of 50.

The pattern of the IRs of forearm fractures of the present
study are in line with the results of a study that investigated the
IRs of forearm fractures in Denmark in 2010 [6]. Both studies
showed a steady IR up to age categories of 44 years and a rise
thereafter, especially in women. However, the IRs of forearm
fractures in women aged 50 to 79 years were lower (8–21
fractures/10,000 py) in the present study than in the 2010
study, which might be due to random variation and the fact
that we excluded patients with an unspecified fracture in
6 months before the date of fracture in 2011 [6]. The results
for hip fracture are comparable with earlier results from
Denmark, 2008 [4]. Our results are in keeping with results
for the Dutch population [16], when considering a threefold
difference in hip fracture IRs as shown earlier [17]. As
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compared to IRs for Norway [18], our results are similar be-
low the age of 80, whereas our results are lower than the
Norwegian IRs for age groups of ≥80. Based on a study which
estimated standardized hip fracture rates for different
European countries, a higher hip fracture IR for Denmark
was expected as compared to Norway [17]. The Norwegian
study used data from 1994 to 2008 of a particular city to
estimate IRs, while we used data from the whole country of
Denmark for 2011 and this might partly explain the differ-
ences. Previous studies have demonstrated higher IRs of os-
teoporotic fractures in urban as compared to rural regions in
Norway although this is believed principally to be with regard
to forearm fractures [19, 20].

The same pattern of IRs (stable until the age of 50 years and
a strong rise thereafter) was visible for any fracture, as com-
pared to the results of a study investigating the IRs of different
fracture sites in the UK, between 1988 and 1998 [21]. Both
studies investigated different fracture sites and those were
comparable as well, except for patella and clinical symptom-
atic vertebral fractures, which showed a different pattern in
people aged 80 and over. The IRwas about 1.5–2 times higher
in Denmark than in the UK, except for rib fracture which
showed an equal IR. This may be explained by various rea-
sons, such as differences in the definition of incident fracture
between the studies, differences in the studied time period and
differences in the used data source. Additionally, it is known
from literature that IRs in Scandinavia are about 1.5–2 times
higher than those in the rest of Europe [4, 22, 23].

The IOF recently estimated numbers of fractures in 2010
for 27 different EU countries, including Denmark [1]. This is
of course helpful for an appraisal of the societal burden, and
the report relied on the official statistics as available. Hence,
for Denmark, the IOF had only data available on hip fractures,
and imputed numbers of other fracture sites using the ratios of
hip to other fracture types using Swedish data of Malmö
(1987–1994) [10]. The IOF estimates were 25 % higher for
any fracture and 14 % for hip fractures as compared to the
numbers estimated in the current study. In contrast, the IOF
estimate for forearm fractures was 27% lower than the present
number of fractures. This is in line with recent incidence rates
of forearm fractures in Denmark in 2010 [6], which used the

Fig. 1 Incidence rates of the first fracture in 2011 stratified by age and
sex. py person-years

Table 2 Incidence rate and total number of fractures stratified by gender and fracture type in people aged 50 years and older

Incidence rate/10,000 py (95 % CI) Number of fractures

Fracture type Total Men Women Total Men Women

Ankle 20.9 (20.3–21.5) 14.0 (13.2–14.7) 27.1 (26.1–28.1) 4234 1348 2886

Carpal 6.4 (6.0–6.7) 4.8 (4.3–5.2) 7.8 (7.3–8.4) 1295 460 834

Clavicle 8.9 (8.5–9.3) 10.4 (9.7–11.0) 7.7 (7.1–8.2) 1812 998 814

Femur 6.1 (5.8–6.4) 4.0 (3.6–4.4) 8.0 (7.5–8.5) 1237 385 852

Foot 21.0 (20.4–21.6) 14.8 (14.0–15.5) 26.6 (25.7–27.6) 4257 1423 2834

Forearm 65.1 (64.0–66.2) 26.0 (25.0–27.0) 100.5 (98.6–102.4) 13,192 2504 10,688

Hip 43.8 (42.9–44.7) 29.2 (28.1–30.2) 57.1 (55.7–58.5) 8884 2811 6073

Humerus 29.1 (28.3–29.8) 15.9 (15.2–16.7) 40.9 (39.7–42.2) 5893 1537 4356

Patella 3.3 (3.0–3.5) 2.2 (1.9–2.5) 4.3 (3.9–4.7) 666 211 455

Pelvis 9.7 (9.2–10.1) 5.4 (4.9–5.8) 13.6 (12.9–14.3) 1962 517 1445

Rib 7.7 (7.3–8.1) 10.3 (9.6–10.9) 5.4 (4.9–5.8) 1562 991 571

Scapula 1.6 (1.4–1.8) 2.0 (1.8–2.3) 1.2 (1.0–1.4) 320 196 123

Skull 7.7 (7.3–8.1) 7.5 (6.9–8.0) 7.9 (7.4–8.4) 1561 720 841

Tibia 8.7 (8.3–9.1) 6.3 (5.8–6.9) 10.8 (10.2–11.4) 1761 612 1149

Clinical symptomatic vertebral 10.9 (10.4–11.3) 10.3 (9.6–10.9) 11.4 (10.8–12.1) 2204 989 1215

Major osteoporotic 142.0 (140.3–143.6) 78.4 (76.6–80.1) 199.6 (196.9–202.2) 28,786 7552 21,234

py person-year; major osteoporotic hip, forearm, humerus or clinical symptomatic vertebral fracture; CI confidence interval
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Fig. 2 Incidence rates of the first
fracture in 2011 stratified by
fracture type, age and sex. Major
osteoporotic fracture: fracture of
the hip, humerus, forearm or
vertebrae
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same data source as in this study. The number of clinical
symptomatic vertebral fractures estimated by the IOF is about
4.3 times higher as the number of clinical symptomatic verte-
bral fractures in the present study. The IOF used Swedish age-
and sex-specific IRRs from vertebral to hip fracture IRs based
on radiography referrals. In the present study, we used register
data which especially for clinical vertebral fractures might be
less accurate than the radiographic data. As far as we know,
there is no data available on how well clinical vertebral frac-
tures are captured in the Danish registry, and, therefore, it is
difficult to compare the IOF estimate to the estimate of the
present study. When comparing the present data to the data
from the IOF, one has to take into account that there are some
differences between the studies. The IOF estimated the num-
ber of fractures for 2010, based on data from 2004 including

repeat admissions [1], while we used data from 2011 and
applied a washout period of 6 months. Hip fracture IRs have
shown to decline in Denmark [4, 6]. This decline in hip frac-
ture incidence rates and the repeat admissions might explain
the overestimation of the number of hip fractures. The impu-
tation of fracture incidence rates might be improved by taking
secular trends of fracture incidence rates into account.

This study has several strengths.We were able to estimate the
number of fractures in 2011 for the whole country of Denmark.
Moreover, we were able to stratify different fracture sites, with-
out imputation based on data from other fracture sites or other
countries. This made it also possible to compare our data to
estimated IRs based on imputed data. The reliability of Danish
national fracture records has previously been addressed in the
Danish Nurses Cohort Study (N = 18,800), where 94 %

Table 3 Incidence rates/10,000 py for hip fractures in people aged 50 years and older stratified by age, sex and hip fracture type

Type of hip fracture
(ICD-10 code)

Neck
(S72.0)

Petrochanteric
(S72.1)

Subtrochanteric
(S72.2)

Hip fracture incidence rates/10,000 py (95 % CI)

Age Men Women Men Women Men Women

50–54 3 (2–4) 3 (2–4) 3 (2–4) 3 (2–3) 1 (0–1) 1 (0–1)

55–59 4 (3–5) 6 (5–7) 4 (3–4) 3 (2–4) 1 (0–1) 1 (0–1)

60–64 7 (6–9) 9 (7–10) 6 (5–7) 9 (8–10) 1 (1–2) 1 (1–2)

65–69 11 (10–13) 18 (16–20) 8 (7–10) 13 (11–14) 2 (2–3) 3 (2–4)

70–74 18 (16–21) 30 (27–33) 14 (12–16) 27 (25–30) 5 (4–6) 5 (4–6)

75–79 35 (31–39) 56 (51–61) 25 (21–28) 56 (53–60) 7 (5–9) 9 (7–11)

80–84 68 (60–75) 107 (100–115) 50 (43–56) 97 (90–103) 10 (7–13) 16 (13–19)

85–89 122 (108–136) 196 (184–208) 93 (81–105) 140 (129–150) 12 (7–16) 29 (24–34)

90+ 221 (192–249) 282 (263–301) 158 (134–183) 232 (215–249) 25 (15–35) 55 (46–63)

py person-years, CI confidence interval

Table 4 Incidence rates/10,000 py for hip fractures which were confirmed by surgery in people aged 50 years and older stratified by age, sex and hip
fracture type

Type of hip fracture
(ICD-10 code)

Neck (S72.0) Petrochanteric (S72.1) Subtrochanteric (S72.2)

Hip fractures incidence rates/10,000 py confirmed by surgery (95 % CI)

Men Women Men Women Men Women

50–54 2 (2–3) 2 (2–2) 2 (1–3) 1 (1–1) 1 (0–1) 1 (0–1)

55–59 4 (3–5) 4 (4–5) 3 (2–3) 2 (2–3) 1 (0–1) 1 (0–1)

60–64 6 (5–7) 7 (6–7) 5 (4–6) 4 (3–4) 1 (1–2) 1 (1–1)

65–69 9 (7–10) 15 (14–16) 7 (6–8) 8 (7–9) 2 (1–2) 2 (2–3)

70–74 15 (13–17) 25 (24–27) 11 (9–13) 15 (14–16) 4 (3–5) 4 (3–5)

75–79 28 (25–31) 47 (45–50) 20 (17–22) 30 (28–32) 5 (4–7) 7 (6–8)

80–84 55 (51–60) 89 (85–93) 42 (38–45) 62 (59–66) 9 (7–11) 13 (11–14)

85–89 102 (96–108) 162 (155–170) 80 (75–86) 122 (115–128) 8 (6–10) 24 (22–27)

90+ 173 (165–182) 226 (213–238) 128 (121–136) 203 (191–215) 18 (15–21) 47 (41–53)

py person-years, CI confidence interval
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concordance was found between self-reported hip fracture in
female health professionals and registered hip fracture, 84 %
concordance for forearm fractures and 83 % for humerus frac-
tures [11].

Furthermore, the present results provide more accurate es-
timates of the number of fractures and, thereby, these data will
assist to the planning of health services and to the estimation
of fracture-associated costs. And the present estimates could
also be used to update the Danish algorithms for Fracture Risk
Assessment Tool (FRAX). At present, the Danish version of
FRAX included in the major osteoporotic fracture risk esti-
mates a vertebral fracture probability that is imputed from
Danish official hip fracture rates using Malmö conversion
ratios, while forearm and humerus fractures are those reported
by the Danish National Board of Health at the time. The pres-
ent study has the advantage of using a conservative approach
to reduce the risk of multiple counting of the same fracture, or
including hip fracture repair, and it is also the most up-to-date
incidence rate report. We are aware of some limitations of this
study. Our IR estimates might be somewhat conservative, be-
cause we excluded all fractures with a history of fracture of the
same type in 6 months before, to overcome the problem of
double counting of the same fracture. Additionally, we were
only able to estimate the number of vertebral fractures that
came to clinical attention. This of course reflects the immedi-
ate societal burden and use of the healthcare system, but pa-
tients with vertebral fractures who do not receive the diagnos-
tic work-up including x-rays are also subject to increased
morbidity and mortality [24].

In summary, we have shown age- and gender-specific frac-
ture rates for any fracture as well as for different fracture sites.
The IRs of most fracture sites increased with age. Until the age
of 50, fractures occurred more in men than in women, while
this was reversed in older age groups. Estimating the number
of fractures for Denmark based on the imputation of data from
other countries led to both over- and underestimation. Future
research should therefore focus on how to improve those im-
putations as not all countries have nationwide registry data.
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