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Abstract

Summary Nationwide hip fracture incidence in the Austrian population was assessed over a period of 30 years (1989-2018),
including 20 years data from a previous study and a recent 10 years follow-up. While absolute numbers in men continued to
increase, absolute numbers in women and age-standardized incidences in both men and women decreased.

Purpose In the Austrian population > 50 years, nationwide hip fracture incidences over a period of 20 years (1989-2008)
have shown an initial steep increase, followed by a leveling-off during the last few years of observation. The purpose of the
present study was to follow up on hip fracture incidences for another 10 years (2009—2018) and to analyze trends over the
entire period of 30 years.

Methods ICD-10 code classes S72.0, S72.1, and S72.2 were applied. All data were retrieved from the Statistics Austria
database and its hospital discharge register. Annual absolute numbers, crude and age-standardized incidences, and incidence
rate ratios (IRR) were stratified by sex and 5-year age intervals, and calculated by using a correction factor for multiple
registrations.

Results Total number of hip fracture cases increased from 13,984 (2009) to 14,640 (2015), and decreased thereafter to
14,457 (2018), despite a persistent increase in men. Age-standardized incidences peaked at 476/100,000 (2010), followed
by a decrease to 408/100,000 (2018). The observed overall decrease was mainly driven by the female population. Incidence
rate ratios (IRRs) yielded a statistically significant average annual decrease of age-standardized incidences in both women
and men (AIRR 0.984; 0.981-0.987).

Conclusion While absolute numbers of hip fracture in women showed a slight decrease during the last 10 years of observa-
tion, numbers in men continued to increase. Age-standardized incidences nevertheless decreased in both men and women,
which may be interpreted as a trend in the right direction. However, due to the rapid aging of the population, it cannot be
precluded that this trend will be compromised during the next few decades.

Keywords Epidemiology - Hip fracture - Austria - Incidence trend

Introduction

< Hans Peter Dimai

hans.dimai @medunigraz.at Osteoporosis is defined as a systemic skeletal disease char-

acterized by low bone mass and microarchitectural dete-
rioration of bone tissue with a consequent increase in bone
fragility and susceptibility to fracture [1]. Among osteo-
porotic fractures, hip fracture has been recognized as the
most serious one because of its consequences in regard to
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premature death, disability, chronic pain, and diminished
quality of life [2].

Austria, located in the southern part of Central Europe,
counted some 8.9 million inhabitants in 2019 [3]. Similar
to other countries in the European Union, the present-day
age pyramid shows a narrow base due to a reduction in birth
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rates and an increasing percentage of the population 50 years
of age and older.

With an age-standardized incidence of 501/100,000 in
women, and 264/100,000 in men, Austria is among the
countries with the highest hip fracture incidences (and con-
sequently hip fracture risk) worldwide, exceeded only by
Sweden and Denmark [4].

In 2011, Austrian hip fracture incidences were reported
in women and men aged 50 years and above, over a period
of 20 years (1989-2008) [5]. Overall, it was found that the
initial rise in age-standardized incidence between 1989 and
2005 was followed by a leveling off until the end of this
20-year period. This trend, however, was driven by a lev-
eling off and subsequent decrease in fracture incidence in
women, whereas the incidence in men has continued to rise
to the end of the observation period. Interestingly, similar
trend breaks have been reported before and thereafter for
several other countries, particularly for those of the so-called
Western world [6].

The purpose of the present study was to follow up on the
incidence of hip fractures in the Austrian population aged
50 years and above for another 10 years (2009-2018), in
order to analyze trends over the entire period of 30 years,
and to assess whether the leveling off observed during the
last few years of the 20 years report continued or changed
into a decline or an increase.

Methods

Like in our previous study, hip fracture events were obtained
from the Austrian Hospital Discharge Register (AHDR) for
the entire Austrian population > 50 years of age [5]. For the
present study, hip fractures that occurred between 2009 and
2018, i.e., during a period of 10 years, were included in the
analyses. According to the International Classification of
Diseases (ICD) in its most recent version (version 10), the
code classes S72.0, S72.1, and S72.2 were applied for identi-
fication of hip fractures. Data were extracted in 5-year inter-
vals (50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84,
85-90, 90-94, and 95 +) and stratified by sex and province
(Upper Austria, Lower Austria, Styria, Carinthia, Salzburg,
Tyrol, Vorarlberg, Burgenland, and Vienna). It should be
noted that ICD coding changed from ICD-9 to ICD-10 in
2000. This change has been described in more detail in the
previous study [5].

Data on the average annual resident population > 50 years
in all Austrian provinces and in 5-year age intervals was
retrieved from the database of Statistics Austria. Annual
crude incidence rates were calculated by relating yearly
hip fracture cases corrected for multiple registrations to
100,000 persons in the population > 50 years, stratified by
sex, and 5-year age intervals. Age-standardized incidences
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were obtained by relating corrected hip fracture cases to the
average Austrian population in each 5-year age interval both
during 2009-2018 and during 1989-2018 for comparability
with previous results on 1989-2008 [5].

In order to take into account multiple registrations for the
same diagnosis within 1 year, the number of aggregate dis-
charge diagnoses was corrected in two different ways. In one
analysis, a correction factor of 0.9 was applied throughout
to facilitate comparability with our previous study results
1989-2008, based on the same factor drawing on results
from Germany and data from two Austrian hospitals [5, 7].
In addition, we assessed age group— and sex-specific correc-
tion factors for the period 2009-2018. For this purpose, non-
aggregate data from the Austrian social insurance authorities
with anonymized documentation of hip fracture discharge
diagnoses according to ICD-10 S.72 without sub-codes
were available for 2014-2016 from approximately 98% of
the Austrian population > 50 years. In this dataset of 49,397
discharge entries, re-admissions were defined as occurring
within 6 months after the preceding discharge. (Re-)admis-
sion dates were calculated from hospital days associated
with each discharge entry. Correction factors were assessed
for age groups 50-69, 70-79, 80-89, and 90 + years, accord-
ing to age at discharge or at first discharge in case of re-
admissions, and in both sexes. Since sub-codes of S72 were
not available from data of the Austrian social insurance
authorities, a regional database of hip fracture discharges in
Vorarlberg, the westernmost Austrian province, was utilized.
This database contains anonymized entries, on personal level
though, on 4386 hospital discharges due to ICD-10 S72 from
2003 to 2013, including sub-codes of S72. From this infor-
mation, the proportion of re-admissions was ascertained in
women and men both for all S72 diagnoses and for S72.0,
S72.1, and S72.2 diagnoses only, with re-admissions defined
as occurring within 6 months after a preceding discharge.
The nationwide correction factor based on all S72 diagnoses
was hence adapted accordingly.

The average annual change of hip fracture incidence dur-
ing 2009-2018 was evaluated using Poisson and negative
binomial regression models that were fit to corrected annual
hip fracture counts with population size as offset variable.
Covariates were age (in intervals of 5 years), sex, province,
and year in the entire dataset. In further analyses stratified by
sex and by age in 5-year intervals, the appropriate covariates
were controlled for. Defining the variable “year” as continu-
ous covariate yielded incidence rate ratios (IRRs) for average
annual change for the 10-year observation period. Goodness
of model fit was assessed using the ratios of both deviance
and Pearson’s y? to the degrees of freedom (df) as measures
of deviation from equidispersion, i.e., the departure from
equality of variance and mean in the distribution of hip
fracture occurrences, as well as the Akaike and Bayesian
Information Criteria (AIC and BIC, respectively). For each
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evaluation, the one model was chosen with deviance/df and
22/df ratios closest to 1 and the minimum AIC and BIC val-
ues. Applying a 0.05 significance level, IRRs were consid-
ered statistically significant when the ratio of 1 was outside
the 95% confidence interval. All analyses were conducted in
IBM SPSS Statistics, version 25 (IBM Corp., Armonk, NY).

Results

During the period of 2009-2018, the total number of hip
fracture cases amounted to 14,640 in 2015, using a correc-
tion factor of 0.9 (Table 1). Incidence rates reached their
maximum in 2010 in both sexes and decreased thereafter.
Crude female and male incidences in 2010 amounted to
638 and 288, respectively, and decreased to 526 and 268 in
2018, respectively. When age-standardized for the average
Austrian population 2009-2018, female and male incidences
corrected by a factor of 0.9 were 629 and 296, respectively,
in 2010, decreasing to 534 and 260, respectively, in 2018
(Table 1).

In addition, age group- and sex-specific correction fac-
tors were calculated and applied to assess hip fracture cases.
Based on data of the Austrian social insurance authorities for
all S72 diagnoses, these correction factors were 0.86, 0.82,
0.83, and 0.87 for women, and 0.89, 0.84, 0.84, and 0.86
for men aged 50-69, 70-79, 80-89, and 90 + years, respec-
tively. Further sex-specific adjustment for the sub-codes
S72.0, S72.1, and S72.2 based on the regional database in
Vorarlberg resulted in only slight changes, yielding final cor-
rection factors of 0.87, 0.84, 0.84, and 0.88 for women, and
0.89, 0.85, 0.84, and 0.86 for men, 50-69, 70-79, 80-89, and
90 + years of age, respectively, that were applied to aggre-
gate discharge data 2009-2018. Upon correction with these
age- and sex-specific factors, the total number of hip fracture
cases amounted to 13,879 in 2015 (Supplementary Table),
and crude female and male hip fracture incidences in 2010
amounted to 602 and 275, respectively, declining to 498 and
256 in 2018, respectively. Age-standardized incidences in
women and men 2010 were 595 and 283, respectively, and
declined to 505 and 247, respectively, in 2018 (Supplemen-
tary Table).

Analysis of incidence rate ratios (IRRs) during
2009-2018 yielded a statistically significant average annual
decrease of age-standardized incidences in both women and
men (Table 1, Supplementary Table). Notably, the extent of
the decrease was almost identical using either method of
correction for multiple registrations. For both sexes, an IRR
of 0.984 (95% C1 0.981-0.987) was observed, corresponding
to an average annual decrease in hip fracture incidence of
1.6% (1.3-1.9%) from 2009 to 2018. In women, the rate ratio
of 0.979 (95%—CI 0.977-0.982) applying a correction fac-
tor of 0.9, and 0.980 (95% CI 0.977-0.982) using age- and

sex-specific correction factors corresponded to an average
decline in annual incidences of 2.1% and 2.0% (2.3-1.8%),
respectively, and men’s IRR of 0.986 (95% CI 0.982-0.989)
equaled an average annual decline of 1.4% (1.1%-1.8%).
Accordingly, IRRs were < 1 in all 5-year age groups, and
this reduction was significant in most age groups in both
women and men (Table 1 and Supplementary Table). In
detail, applying a correction factor of 0.9, the most salient
annual changes were observed in men aged 50-54 (—3.7%,
95% CI—2.0-—5.4%) and 55-59 years (—2.8%, 95%
CI-1.3—-4.2%), and in women aged 55-59 (—2.0%, 95%
CI-0.5--3.4%), 60-64 (—2.1%, 95% CI—0.7-—3.4%),
75-79 (—=2.9%, 95% CI—-2.4—-3.5%), 80-84 (—3.0%,
95-CI—-2.6——-3.5%), and 85-89 years (—2.1%, 95%
CI—-1.7--2.5%). By contrast, no significant changes were
seen in men aged 60—64, 70-74, 90-94, and 95 + years, and
in women aged 50-54, 70-74, and 95 + years (Table 1).
Using age- and sex-specific correction factors, the results
were almost identical (Supplementary Table).

Results for the years 1989-2008 include data from [5]
and are displayed in Fig. 1 (aggregate data) and Fig. 2 (age-
standardized incidences).

Considering the entire period of 30 years (1989-2018),
and applying a correction factor of 0.9, age-standardized hip
fracture incidences peaked in 2003 at 689/100,000 women,
and in 2006 at 294/100,000 men. A continuously decreasing
incidence can be observed ever since for both sexes, falling
to 517/100,000 and 242/100,000 in 2018 among women and
men, respectively (Fig. 2).

Discussion

The findings of the present nationwide study indicate that
in the Austrian female population aged 50 years and above,
absolute numbers of hip fractures remained fairly stable until
2015, and thereafter slightly decreased until 2018. The pla-
teau observed in the present study perpetuates the plateau
observed during the last years of the previous study which
had revealed a marked and sustained increase of hip fracture
cases between 1989 and 2006. In contrast, absolute numbers
in the male population continued their steady but small rise
since 1989, even during the last 10 years of observation.

The true relevance of these findings becomes more evi-
dent considering that during the last 10 years of observation
the number of women and men aged 50 years and above
has markedly increased in Austria, similar to other countries
of the so-called Western World. For example, the increase
in the Austrian male population aged 50 years and above
between 2009 and 2018 was 23%, and that in the female
population of the same age amounted to 17%, corresponding
to an overall average increase of 20% for the entire popula-
tion aged 50 years and above.
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Fig. 1 Annual discharges due
to hip fracture > 50 years
from all Austrian hospitals
1989-2018
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Fig.2 Age-standardized hip
fracture incidences in the
Austrian population > 50 years
1989-2018, age standardiza-
tion according to the Austrian
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Consequently, the age-standardized incidence in the Aus-
trian female population has in fact significantly decreased
between 2009 and 2018, indicating that the trend reversal
observed during the years 2005 and 2006 sustained. Sur-
prisingly and irrespective of the fact that absolute numbers
continued to rise, age-standardized hip fracture incidence in
men decreased during the past 10 years as well, albeit to a
smaller extent compared to women. Similarly, results from
a study in the westernmost Austrian province Vorarlberg
during 2003-2013 had shown a declining age-standardized
hip fracture incidence in women but no clear trend for men,

294
242

—M—Male —A—Female —@—Total

whereas absolute numbers stagnated in women but were on
the rise in men [8].

Leveling off or even decreases in (age-standardized) hip
fracture incidences after initial (steep) increases have been
observed for several populations, and even as early as during
the second half of the past century [9]. For example, in the
female population of Rochester (MN, USA), a steep increase
in age-standardized hip fracture incidence was observed
between 1930 and 1950, followed by a remarkable decrease
until the turn of the century. A similar trend was noted in the
male population, too, but the trend reversal occurred some

@ Springer
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20 years later than in the female population [9]. In Europe,
Finland was among the first countries which exhibited a
break in the increasing trend of age-standardized hip fracture
incidences [10]. A dramatic increase between 1970 and the
mid-1990s was followed by a sustained decrease until 2016,
in both women and men. Trend reversals in age-standardized
incidence rates have also been reported for other European
countries such as Switzerland, Norway, and the UK, but also
for some countries in the Asian and Oceania region [9].

Aside from the increasingly constrictive shape of the
Austrian population pyramid, several other factors may be
considered causative for the decrease in age-standardized
hip fracture incidence rates. For example, like in many other
countries, an increase in the body mass index (BMI) has
been observed in the Austrian population aged 55 years
and above, beginning in the early 1980s of the past century
[11]. Interestingly, this increase was more pronounced in
the female population (+7.7%) than in the male population
(+6.4%), whereby the change in women was mainly driven
by those > 75 years of age. Results of observational studies
on a possible association between obesity and risk of hip
fracture are conflicting. However, a recent meta-analysis of
prospective cohort studies including more than three mil-
lion participants provided strong evidence that obesity in
adults is significantly and independently associated with a
decreased risk of hip fracture [12]. Interestingly, there is also
evidence that the effect of obesity on hip fracture risk may
depend on the type of body fat distribution. In this regard,
another recent meta-analysis found a strong association
between abdominal (or visceral) obesity and an increase
in hip fracture risk [13]. Given that abdominal obesity is
mainly found in men, as opposed to women, in whom fat
is mainly distributed around the hips and thighs, it may be
speculated that the protective effect of an increasing BMI in
men may at least in part be blunted by the type of body fat
distribution itself.

Another possible reason for the marked decrease in hip
fracture incidence observed in the female population could
lie in the use of estrogen, combined or not combined with
gestagens. After its initial use over more than two decades
for prevention and treatment of menopause-related symp-
toms, menopausal hormone therapy (MHT) was approved
by the Food and Drug Administration (FDA) for the pre-
vention of osteoporosis in 1988 [14]. Although the effect of
estrogen or MHT has not been investigated so far in a large-
scale randomized controlled trial with a primary endpoint of
fracture risk, a recent systematic review and meta-analysis
showed an overall relative hip fracture risk reduction of 28%
[15]. Consequently, women who had received their MHT as
early as over the first decade after approval for osteoporosis
prevention, and who have reached their eighth or ninth dec-
ade of life between 2006 and 2018, may have contributed
significantly to the leveling off and subsequent decrease in

@ Springer

hip fracture incidence during this period. Indeed, among all
age groups, we observed the most pronounced reduction in
annual incidences 2009-2018 in women aged 75-89 years
(Table 1, Supplementary Table).

Improved nutrition and adipose gain during childhood and
young adulthood may be another factor leading to a cohort
effect characterized by reduced fracture risk in later life. In
this regard, it was shown in a Finnish cohort of women born
between 1934 and 1944 that hip fracture in later life was
associated with increasing Z-scores for height at between 1
and 12 years of age, if this gain in height was not accompa-
nied by an adequate increase in weight [16]. Consequently,
the authors concluded that “thinness” in childhood could be
a risk factor for hip fracture in later life.

Changes in smoking patterns in the older population
could be another factor contributing to a decline in age-
standardized hip fracture incidence. Largely independent
of bone mineral density (BMD), smoking has been shown
to be one of the strongest risk factors for hip fracture [17].
Consequently, it has been incorporated into different fracture
risk calculation tools such as FRAX® and QFracture [18].
However, whereas due to stringent nationwide regulations
smoking habits have led to a decrease in prevalence numbers
in several countries in the past decade, two cross-sectional
surveys (Austrian Health Interview Surveys for 2007 and
2014) revealed even increasing numbers in both men and
women, including age groups 65 years and above [19]. It
could thus be speculated that if Austrian health authori-
ties had undertaken successful efforts to decrease smoking
prevalence, hip fracture incidences may have dropped even
more pronouncedly.

Functional ability as reflected by muscle strength, coor-
dination, and balance has been shown to be associated with
the risk of falls and consequently hip fracture [20, 21].
Whereas trend analyses on physical activities in the older
population have been published for some countries, no such
data is available for Austria [22]. However, in recent years,
Austria has developed an ambitious framework addressing
physical activity in all age groups, involving a network of
over 15,000 sports clubs [23]. Thus, it cannot be precluded
that the observed decrease in age-standardized hip fracture
incidence has also been driven by an increase in physical
activity particularly in the older population.

Finally, pharmacological interventions for prevention and
treatment of osteoporosis, including increasing and wide-
spread use of vitamin D together with calcium, may have
contributed to the observed trend change in hip fracture inci-
dence [24]. Although hip fracture per se has not been a pri-
mary endpoint in any of the pivotal trials designed to prove
anti-fracture efficacy, there is strong evidence for hip frac-
ture risk reduction through antiresorptive as well as bone-
anabolic drugs [25]. In this regard, it is of note that the trend
break of rising hip fracture incidence during the 2000s in
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women was associated with steeply increasing prescriptions
of anti-osteoporotic drugs such as bisphosphonates [26, 27].

Analysis of incidence rate ratios (IRRs) during
2009-2018 in the 5-year age groups yielded decreasing
annual incidences in women and men, albeit not statisti-
cally significant in all age groups. Explanations for inho-
mogeneous results across age groups remain tentative and
speculative. For example, the absence of an effect in men
and women aged 90+ and 95 +, respectively, might mirror
lower prescription of anti-osteoporotic drugs compared with
younger subjects [28]. Also, the onset of the trend break of
hip fracture incidence during the 2000s was attenuated in
women aged 80 + years compared with younger age groups
[27]. The distinct decrease in women aged 75—-89 might at
least in part be attributed to the effect of menopausal hor-
mone therapy several decades before. Eventually, younger
men aged 50-59 years and women aged 55-64 years like-
wise displayed a significant decrease in hip fracture inci-
dence during 2009-2018, which might reflect their improved
nutritional status during childhood as opposed to older
generations.

This study has several strengths and limitations. One of
the strengths lies in the fact that numbers were calculated
based on a nationwide register, which captures all hip frac-
tures that occur within 1 year. Cohort effects that may occur
when using incidence data from a specified catchment area
in order to extrapolate findings to the entire nation have
thus been precluded. Another strength lies in the correc-
tion factor that was applied for repeat hospital admissions
of the same diagnosis. However, the study has also some
limitations. For example, in theory, it might be possible
that incorrect hospital discharge diagnoses are entered into
the local hospital information system. However, since hip
fracture is very costly and remuneration to the local health
care provider depends on discharge diagnosis and medical
service provided, it appears very unlikely that such proce-
dural inadequacies could significantly affect hip fracture data
as stored in the AHDR. Furthermore, rigorous in-hospital
quality control programs in Austria ensure that discharge
diagnoses are coded correctly by the respective physicians.
Potential further limitations may apply to the assessment of
the correction factor, variations of which over time could not
be accounted for. In this respect, health insurance data from
Germany reported a decrease in the correction factor from
1998 to 2009 from above 0.9 to values below 0.9 after the
year 2001 [29]. It might thus be speculated that a correction
factor of 0.9 represents a valid approximation for our study,
in particular for data covering the years 1989-2008. In addi-
tion, we strived to assess this factor for a more recent time
interval from a nationwide source and a regional database.
Interestingly, our finding that the correction factor decreases
with advancing age up to 90 years is likewise in line with
results from the aforementioned German study [29]. On the

other hand, its observed rise after 90 years of age is argu-
ably due to the steep increase in in-hospital mortality [30].
Another limitation of the correction factor used could be the
absence of S72 sub-codes in the nationwide dataset from the
Austrian social insurance authorities, and different times of
data acquisition in the nationwide dataset (2014-2016) vs.
the regional database (2003-2013). Despite all these limi-
tations, we deem the applied correction value as the best
possible approximation for aggregate discharges in recent
years. Moreover, IRRs for annual change 2009-2018 were
largely independent of the kind of correction factor applied.

In conclusion, while absolute numbers of hip fractures
showed a steep increase from 1989 to 2006, they remained
fairly stable throughout the following 12 years of observa-
tion until 2018. This plateau was driven by a slight decrease
of hip fracture numbers in the female population, and a
“compensatory” slight increase in the male population at the
same time. It is of note that the latter increase has persisted
since the beginning of the 30-year period of observation,
suggesting that “the worse” is not yet over, at least in men.
Irrespective of the absolute numbers, and due to a remark-
able population growth of the age groups 50 years and
above, the overall age-standardized hip fracture incidence
rates in fact decreased during the last 10 years of follow-up,
in both women and men, albeit the amount of decrease in
the latter was less pronounced. Thus, in terms of change in
age-standardized incidence, the worst seems to be behind us.
However, at the present, it cannot be precluded that due to
the rapid aging of the Austrian population, this trend in the
right direction will be compromised in the next few decades.
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