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Abstract

Objectives Elevated hip fracture incidence is a major
public health problem looming to aggravate in industrial-
ized countries due to demographic developments. We
report hip fracture incidence and expected future cases
from Vorarlberg, the westernmost province of Austria,
results potentially representative of Central European
populations.

Methods Crude and standardized hip fracture incidence
rates in Vorarlberg 2003-2013 are reported. Based on the
age-specific incidence in 2013 or trends 2003-2013, we
predict hip fractures till 2050.
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article (doi:10.1007/s00038-016-0878-9) contains supplementary
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Results Female age-standardized hip fracture incidence
decreased 2005-2013, whereas for men, the trend was
rather unclear. Uncorrected forecasts indicate that by 2050,
female and male cases will each have more than doubled
from 2015 in all demographic core scenarios. Corrected by
incidence trends before 2013, cases are expected to drop
among women but rise among men.

Conclusions We anticipate rising hip fracture numbers in
Vorarlberg within the next decades, unless prevention
programs that presumably account for decreasing incidence
rates, particularly among women since 2005, take further
effect to counteract the predicted steady increase due to
demographic changes. Concomitantly, augmented endeav-
ors to target the male population by these programs are
needed.
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Introduction

Osteoporosis, a systemic skeletal disease characterized by
low bone mass and architectural derangements (Sambrook
and Cooper 20006), is a significant medical health problem
due to the resulting elevated risk for skeletal fractures,
particularly in developed countries (Johnell and Kanis
2006). Hip fractures, 90 % of which occur after the age of
50 (Sambrook and Cooper 2006), their vast majority being
low trauma fragility fractures (Hernlund et al. 2013), are
the most devastating consequence of osteoporosis. Known
risk factors for osteoporosis include biological ones like
female sex, older age, and low body mass index, but also
behavioral factors like limited physical activity, smoking,
and alcohol consumption, and nutritional factors like low
dietary calcium (Hernlund et al. 2013; Zhu and Prince
2015; Peterlik et al. 2009). Importantly, also environmental
influences like restricted sun exposure impinging upon
vitamin D status (Holick 2011; Peterlik et al. 2009), and
exposure to cadmium (James and Meliker 2013) have been
associated with osteoporosis.

Hospitalization is required for virtually all hip fractures,
sometimes followed by a long recovery or permanent dis-
ablement, which contributes to an enormous osteoporosis-
related financial burden (Becker et al. 2010). For Austria,
the total annual financial burden incurred by osteoporotic
fractures for the year 2008 was estimated to amount to
685.2 million € (Dimai et al. 2012). Prevention of osteo-
porosis-related fractures is, thus, an important public health
issue. Whereas primary prevention aims at the protection
against bone loss, secondary prevention measures are tar-
geted at inhibiting advanced bone loss to avoid fractures
(Grossman 2011). Since most osteoporotic fractures occur
with a fall, efficient fall prevention is an additional measure
to reduce the burden of fragility fractures (El-Khoury et al.
2013).

To date in Austria, little is known about the epidemi-
ology of osteoporosis and its impact on skeletal fractures
on population level (Dorner et al. 2009). Geographic trends
reveal much higher hip fracture incidence rates in Austria
than in the surrounding countries, being in line with those
in Scandinavian countries (Cheng et al. 2011): For exam-
ple, compared to Germany, hip fracture incidence in
Austria was reported to be 30 % higher with a slight
increase between 1995 and 2004 (Mann et al. 2010).
However, a decrease of the age-standardized incidence
among the entire Austrian population has been observed by
mid of the last decade (Dimai et al. 2011), and several
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other international studies have reported a recent decline of
hip fracture incidence rates, in particular for women
(Cooper et al. 2011).

The Vorarlberg Health Monitoring & Prevention Pro-
gram (VHM&PP) (Concin et al. 2013) is a population-
based risk factor surveillance program in Vorarlberg, the
westernmost and second smallest province in Austria,
inhabited by approximately 370,000 residents (2013), with
a long-standing tradition of health surveillance and disease
prevention. The VHM&PP is implemented by the Agency
for Social and Preventive Medicine, its primary purpose
being prevention of foremost chronic diseases and cancer.
As part of the program, by the end of the 1990s prevention
campaigns were initiated to reduce osteoporosis-related
disease burden, including fall prevention measures like
widely offered osteoporosis gymnastics, as well as
advanced screening and treatment of osteoporosis. To
survey the success of such public health-related programs,
epidemiological studies monitoring fracture incidence are
needed. Moreover, due to the ongoing change of demo-
graphic structure in industrialized countries towards aging
populations, forecasting future trends that account for the
expected demographic alterations are helpful in assessing
how current measures that usually imply latency periods of
many years until they take effect will affect future out-
comes and, therefore, costs of disease burden as well as of
prevention programs. As a result, certain population seg-
ments identified as future high-risk groups could be
specifically targeted by today’s preventive measures.

The aims of the present study include determining hip
fracture incidence rates in Vorarlberg 2003-2013, exam-
ining secular trends, and predicting future hip fracture
cases in a population-based sample, representative of a
Central European population living in rural and urban areas
alike. Results are, therefore, expected to be valuable for
future health policy decisions also beyond Vorarlberg and
Austria.

Methods
Study design and data retrieval

In this population-based study within the framework of the
VHM&PP, data were collected of 5842 patients with dis-
charge diagnosis hip fracture between January Ist, 2003
and December 31st, 2013 from all hospitals in Vorarlberg
(Landeskrankenhaus Bregenz, Landeskrankenhaus Blu-
denz, Krankenhaus Dornbirn, Landeskrankenhaus
Feldkirch, Landeskrankenhaus Hohenems, and Sanatorium
Schruns). Hip fracture was defined by the ICD-10 codes
S32.4, S32.5 (acetabular fractures), as well as S72.0, S72.1,
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S72.2, S72.7 and S72.9 (femoral fractures). To obtain
incidence rates 2003-2013, yearly cases were related to
corresponding figures of the average annual resident pop-
ulation retrieved from the Statistical Database of Statistics
Austria (http://www.statistik.at). Likewise, predicted aver-
age annual hip fracture incidence rates until 2050 were
related to a main demographic scenario of medium fertility,
life expectancy, and immigration, which is most likely to
occur (Hanika 2015; http://www.statistik.at) and served as
our base case. For comparability, the two other available
demographic core scenarios, the “growth scenario” (high
fertility, life expectancy, and immigration), and the “age-
ing scenario” (low fertility and immigration but high life
expectancy) were accounted for, characterized by an aging
population with different birth and immigration rates
(Hanika 2015): Assumptions of fertility are based on a total
fertility rate of 1.61 births per woman in 2014 that in 2060
is expected to amount to 1.62 anticipating medium fertility,
to drop to 1.12 in 2030 and rise to 1.44 in 2060 assuming
low, and to reach 2.12 in 2060 assuming high total fertility.
Life expectancy at birth is projected to constantly rise until
2060 from 80.0 years among men and 85.1 years among
women in 2014 to 88.0 and 91.3 years, respectively, in the
medium variant, to 85.0 and 89.1 years, respectively, in the
low variant, and to 90.4 and 93.0 years, respectively, in the
high variant. Annual immigration in Vorarlberg is expected
to exceed that of 2014 (6808 persons) in the coming years,
at least until 2018 in the low immigration variant. Com-
pared with 2014, immigration is predicted to change by
+1.8 % in 2030 and —4.8 % in 2060 in the medium, by
—12.1 % in 2030 and —21.3 % in 2060 in the low, and by
+10.4 % in 2030 and +9.1 % in 2060 in the high variant.
Numerical representations of the predicted demographic
developments according to each of the scenarios are shown
in Supplemental Table 1.

Statistical analysis

Age-standardized incidence rates per 100,000 person years
(PY) are based on the exact European population (ESR,
European Standard Rate) with a 95 % confidence interval
(95 % CI) using the direct method in 5 years age cate-
gories. Based on crude incidence rates 2003-2013 and the
population predictions of the Statistics Austria database,
hip fracture cases were estimated up to 2050. Incidence
time trends observed from annual rates 2003—-2013 for both
genders in different age groups (i.e., 0-49 years,
50-64 years, 65-79 years, and 80+ years) were approxi-
mated by an exponential graph that proved the best fit to
the data relative to others like a linear one, and projections
up to 2050 were conducted using a log-linear model (Ste-
vens and Rudd 2013). Since peak incidences occurred
between 2004 and 2006, incidence rates of

year(s) preceding the year of peak incidence were excluded
from the model, otherwise all available data points were
accounted for. Predicted female and male annual cases of
all age groups were added up for total numbers of forecast
cases, around which 95 % prediction intervals (95 % PIs)
were constructed. PIs, like confidence intervals, take
account of slope and intercept variability of the regression
line, but they characterize the range of single unknown
observations rather than the distribution of sample means
as confidence intervals do, thus more appropriately cap-
turing the uncertainty inherent to forecasts. Estimates of
predicted cases up to 2050, including corresponding 95 %
PIs, based on hip fracture incidence 2003-2013, were
obtained using the formula

100,000 in(int) +aY=to5 ¢ / 144+ 52 SE

PP ¢ ’
in which PP denotes the predicted population of year Y, and
int and a are the intercept and slope, respectively, of the
exponential model; required for calculation of 95 % PI
upper and lower bonds are furthermore 7, s which is the
two-sided critical ¢ statistic value for a probability of 95 %;
n which is the number of data points 2003-2013 which are
used in the model (between 8 and 11); y which is the mean
year date from 2003 to 2013 (“2008”, if all 11 data points
are used); SS, which is the sum of squares of deviations
from y; and SE which is the standard error of the In of
incidence 2003-2013.

Prerequisite for validity of these estimates was the
assumption of a constant medical supply situation (i.e.,
prevention and access to health care) until 2050. For
comparison of gender groups, Wilcoxon test was applied.
All statistical analyses were performed using SAS 9.3
(SAS Institute, Cary, NC, USA), SPSS version 19 (SPSS
Inc., Chicago, IL, USA), and Mathematica 5.2 (Wolfram
Research, Champaign, IL, USA).

Results

From 2003 through 2013, 5842 hip fractures (21.9 %
fractures of the acetabulum and 78.1 % fractures of the
femur) were identified in total, occurring in 1707 (29.2 %)
men and in 4135 (70.8 %) women. Number of cases, target
population, and incidence by gender for the years
2003-2013 are shown in Table 1 and Fig. 1.

Crude male hip fracture incidence rates were significantly
lower than female ones (p < 0.01) but without clear temporal
trend, displaying fluctuation of the age-standardized inci-
dence rates between 89.4 per 100,000 PY in 2013 and 143.6
per 100,000 PY in 2006 (Table 1;Fig. 1). Female hip fracture
incidence adjusted to the ESR increased from 220.2 per
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Table 1 Hip fracture cases, and crude incidence as well as age-adjusted European standardized rates (ESR) of hip fractures, both in all age
groups and at >50 years (Vorarlberg Health Monitoring & Prevention Program, Austria 2003-2013)

Year Population Cases Crude European standard Population Cases Crude European standard
incidence® rate (95 % CI)* incidence® rate (95 % CI)*
All men Men >50 years
2003 175,498 145 82.6 114.1 (93.7-134.4) 48,225 100 207.4 257.8 (225.6-290.0)
2004 176,867 151 85.4 127.0 (104.4-149.6) 49,134 115 234.1 311.8 (275.3-348.3)
2005 178,278 171 95.9 135.4 (113.2-157.7) 50,184 111 221.2 300.6 (265.5-335.6)
2006 179,368 170 94.8 143.6 (120.3-166.9) 51,433 128 248.9 344.1 (306.9-381.3)
2007 180,008 133 73.9 114.9 (94.1-135.7) 52,599 107 203.4 289.6 (255.9-323.3)
2008 180,520 137 75.9 114.4 (94.1-134.8) 53,856 109 202.4 289.6 (262.0-322.4)
2009 181,021 162 89.5 123.1 (103.2-142.9) 55,165 124 224.8 293.6 (262.0-325.2)
2010 181,690 154 84.8 116.4 (97.4-135.4) 56,689 134 236.4 303.4 (272.2-334.4)
2011 182,195 184 101.0 131.4 (111.8-151.0) 58,148 143 245.9 314.1 (283.1-345.1)
2012 182,970 168 91.8 123.8 (104.7-143.0) 59,771 144 240.9 317.4 (286.6-348.3)
2013 184,093 132 71.7 89.4 (73.8-105.0) 61,412 122 198.7 240.8 (215.1-266.5)
Year Population Cases Crude European standard Population Cases Crude European standard
incidence® rate (95 % CI)* incidence® rate (95 % CI)*
All women Women >50 years
2003 180,123 362 201.0 210.5 (188.4-232.5) 57,155 344 601.9 575.1 (539.1-611.0)
2004 181,654 387 213.0 220.2 (197.7-242.7) 58,082 373 642.2 607.2 (570.5-643.9)
2005 183,113 398 217.4 225.8 (203.2-248.5) 59,209 381 643.5 617.0 (580.2-653.9)
2006 184,021 381 207.0 210.9 (189.5-232.3) 60,323 360 596.8 572.6 (537.9-607.3)
2007 184,977 379 204.9 206.0 (185.2-226.8) 61,391 365 594.5 565.0 (531.0-598.9)
2008 185,877 352 189.4 187.6 (168.0-207.2) 62,614 342 546.2 516.7 (484.6-548.8)
2009 186,569 354 189.7 180.1 (161.3-198.9) 63,959 343 536.3 494.4 (463.8-525.1)
2010 187,204 407 2174 200.5 (181.0-220.1) 65,419 394 602.3 549.7 (517.9-581.5)
2011 187,901 406 216.1 196.4 (177.2-215.7) 66,969 395 589.8 543.7 (512.4-575.3)
2012 188,727 373 197.6 173.8 (156.0-191.7) 68,542 363 529.6 480.0 (450.8-509.3)
2013 189,548 336 177.3 152.9 (136.3-169.5) 70,126 329 469.2 426.0 (398.6-453.4)
Year Population Cases Crude European standard Population Cases Crude European standard
incidence® rate (95 % CI)* incidence® rate (95 % CI)*
All All >50 years
2003 355,621 507 142.6 184.4 (167.9-200.8) 105,380 444 421.3 479.2 (452.7-505.7)
2004 358,521 538 150.1 193.6 (176.7-210.5) 107,216 488 455.2 516.4 (488.9-543.8)
2005 361,391 569 157.4 200.0 (183.1-216.9) 109,393 492 449.8 513.6 (486.6-540.7)
2006 363,389 551 151.6 190.5 (174.4-206.7) 111,756 488 436.7 496.2 (470.2-522.1)
2007 364,985 512 140.3 174.1 (159.0-189.2) 113,990 472 414.1 466.1 (441.5-490.6)
2008 366,397 489 1335 161.4 (147.1-175.7) 116,470 451 387.2 432.5 (409.2-455.7)
2009 367,590 516 140.4 163.1 (149.1-177.1) 119,124 467 392.0 426.6 (404.1-449.9)
2010 368,894 561 152.1 171.6 (157.5-185.8) 122,108 528 432.4 464.2 (441.2-487.2)
2011 370,096 590 159.4 174.3 (160.2-188.3) 125,117 538 430.0 458.3 (435.7-480.8)
2012 371,697 541 145.5 154.6 (141.6-167.6) 128,313 507 395.1 415.1 (393.9-436.2)
2013 373,641 468 125.2 130.5 (118.6-142.3) 131,538 451 3444 359.9 (340.4-379.5)

# Per 100,000 person years

100,000 PY in 2004 to 225.8 per 100,000 PY in 2005. After
that year, the trend was inverted and the age-standardized
incidence decreased to 152.9 in 2013, corresponding to an
average annual decrease of 4.7 % between 2005 and 2013.
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This was similarly reflected in the group of women >50 years
with an average decrease of 4.5 % from 617.0 in 2005 to
426.0in 2013. By age groups, the largest percentagewise drop
in crude incidence rates 2003-2013 was observed for both
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women and men <50 years, from 14.6 to 5.9 per 100,000 PY
and from 35.4 to 8.2 per 100,000 PY, respectively. Crude
50-64 years,
65-79 years, and 80+ years ranged from 105.8 (in 2004) to

incidence for

women at

age

groups

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

year

74.4 (in 2012), from 665.2 (in 2005) to 364.5 (in 2013), and
from 3094.0 (in 2004) to 2052.6 (in 2013) per 100,000 PY,
respectively. For men, crude incidence rates at age groups
50-64 years, 65-79 years, and 80+ years ranged from 129.4
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Table 2 Predicted hip fracture cases 2015-2050 based on (i) inci-
dence in 2013 and (ii) age- and gender-specific incidence trends
2003-2013 assuming the main demographic scenario (see “Methods”

and Supplemental Table 1), both in all age groups and at >50 years
(Vorarlberg Health Monitoring & Prevention Program, Austria
2003-2013)

Year Predicted Cases predicted Predicted cases based on Predicted Cases predicted Predicted cases based
population® from incidence incidence trend population® from incidence on incidence trend
in 2013 2003-2013 (95 % in 2013 2003-2013 (95 %
prediction interval) prediction interval)
All men Men > 50 years
2015 186,335 140 153 (77-274) 64,967 130 139 (71-232)
2020 190,653 161 158 (53-321) 72,370 152 150 (51-290)
2025 193,983 182 164 (31-392) 77,013 172 159 (30-366)
2030 196,834 203 171 (26-488) 80,289 194 168 (26-466)
2035 199,221 221 173 (22-598) 83,726 212 172 (22-579)
2040 201,208 242 174 (17-730) 86,693 232 173 (17-714)
2045 202,773 266 175 (13-890) 89,428 257 174 (13-876)
2050 203,877 286 168 (9-1060) 91,146 271 168 (9-1047)
Year Predicted Cases predicted Predicted cases based on Predicted Cases predicted Predicted cases based
population® from incidence incidence trend population® from incidence on incidence trend
in 2013 2003-2013 (95 % in 2013 2003-2013 (95 %
prediction interval) prediction interval)
All women Women >50 years
2015 191,421 352 363 (284-464) 73,389 345 355 (280-452)
2020 195,205 399 357 (264-484) 80,957 392 352 (262-474)
2025 198,450 448 350 (242-509) 86,276 442 346 (241-501)
2030 201,297 500 340 (218-535) 90,117 493 338 (217-529)
2035 203,604 551 327 (194-558) 94,054 545 325 (193-553)
2040 205,409 608 315 (173-581) 97,073 602 314 (173-577)
2045 206,732 679 308 (157-613) 99,662 673 307 (157-609)
2050 207,441 741 295 (140-632) 101,190 735 294 (140-630)
Year Predicted Cases predicted Predicted cases based on Predicted Cases predicted Predicted cases based
population® from incidence incidence trend population® from incidence on incidence trend
in 2013 2003-2013 (95 % in 2013 2003-2013 (95 %
prediction interval) prediction interval)
All All >50 years
2015 377,756 492 516 (361-738) 138,356 475 494 (351-684)
2020 385,858 560 515 (317-805) 153,327 544 502 (313-764)
2025 392,433 630 514 (273-901) 163,289 614 505 (271-867)
2030 398,131 703 511 (244-1023) 170,406 687 506 (243-995)
2035 402,825 772 500 (216-1156) 177,780 757 497 (215-1132)
2040 406,617 850 489 (190-1311) 183,766 834 487 (190-1291)
2045 409,505 945 483 (170-1503) 189,090 930 481 (170-1485)
2050 411,318 1027 463 (149-1692) 192,336 1012 462 (149-1677)

# cf. Statistik Austria (2015) (http://www.statistik.at) and Hanika 2015

(in 2004) to 52.5 (in 2012), from 350.3 (in 2005) to 235.3 (in
2013), and from 1379.5 (in 2006) to 745.3 (in 2004) per
100,000 PY, respectively (not shown).

Age-specific incidence rates by gender for 2013 appear
in Supplemental Fig. 1. Hip fractures and age-specific
incidence rates increased with age in both men and women,
the highest age-specific incidence of 3107 per 100,000 PY

@ Springer

in women aged 90+ years. For males and females com-
bined at >50 years, the highest crude and age-adjusted
incidence of hip fractures, respectively, 455.2 and 516.4
per 100,000 PY, was observed in 2004 (Table 1; Fig. 1).
Based on age-specific incidence rates in 2013, we cal-
culated expected hip fracture cases for the years 2015-2050
in the base case scenario (Table 2; Fig. 2). In this scenario,
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Fig. 2 Projections of annual hip fracture cases until 2050 assuming
the main demographic scenario (see “Methods” and Supplemental
Table 1) in all age groups for both genders (a), and for women (b) and
men (c) separately. Dotted curves indicate annual cases predicted
from incidences in 2013 irrespective of incidence trends 2003-2013.
Solid lines represent predictions of future hip fracture cases consid-
ering incidence trends 2003-2013, and dashed lines represent the
upper and lower limits of the 95 % prediction intervals (PIs) of these
forecast cases (Vorarlberg Health Monitoring & Prevention Program,
Austria 2003-2013)

the overall number of hip fractures per year is predicted to
increase by an average of 2.2 %, which is roughly the same
for both women and men (Supplemental Table 2). In both
the growth and aging scenarios, an average annual increase
of approximately 2.4 % is expected, likewise equal for both
genders (Supplemental Table 2).

Considering incidence trends 2003-2013, overall annual
cases are likely to moderately decrease from 516 (95 % PI

361-738) in 2015 to 463 (95 % PI 149-1692) in 2050 in
the base case scenario (Table 2; Fig. 2), corresponding to a
drop of 0.32 % each year (Supplemental Table 2). How-
ever, gender-wise projections differ distinctly. Whereas
male annual hip fracture cases are predicted to marginally
rise from 153 (95 % PI 77-274) in 2015 to 175 (95 % PI
13-890) in 2045 and drop thereafter, female cases are
projected to clearly decline from 363 (95 % PI 284-464) in
2015 to 295 (95 % PI 140-632) in 2050 (Table 2; Fig. 2),
corresponding to a decrease of 0.61 % each year (Supple-
mental Table 2). By comparison, in the growth and aging
scenario, overall cases are expected to slightly increase
from 510 (95 % PI 356-730) and 509 (95 % PI 355-729),
respectively, in 2015 to 524 (95 % PI 249-1052) and 521
(95 % PI 248-1045), respectively, in 2030, and then drop
to 492 (95 % PI 156-1818) and 487 (95 % PI 155-1793),
respectively, in 2050 (not shown). Gender-wise, male cases
are predicted to increase from 153 in both the growth and
aging scenarios (95 % PIs 76-273 and 76-272, respec-
tively), to 187 (95 % PI 13-956) and 186 (95 % PI
13-945), respectively, in 2045, and drop until 2050 (not
shown). Constantly decreasing female cases are expected
in both scenarios, from 357 (95 % PI 279-457) and 356
(95 % PI 279-457) in 2015 following the growth and the
aging scenario, respectively, to 308 (95 % PI 146—664) and
306 (95 % PI 145-656), respectively, in 2050 (not shown),
which corresponds to an annual decrease of 0.43 and
0.45 %, respectively (Supplemental Table 2).

Supplemental Table 2 lists predicted changes in hip
fracture cases 2015-2050 in Vorarlberg in different age
groups for each core demographic development and
assumption of future incidence. Cases among male and
female patients <50 years are predicted to remain constant
ignoring the incidence trend 2003-2013, or follow a con-
siderable decline if the incidence trend of the past years is
considered. At more advanced age, unsurprisingly, the
largest percentagewise increase in hip fractures will be
seen at >80 years in all scenarios if the incidence trend
2003-2013 is not factored in. If so, however, decreasing
numbers of cases are expected up to 79 years for women
and up to 64 years for men, and the highest increases are
predicted among males over 80 years at an annual rate of
1.81 %.

Discussion

Our study provides current population-based data on hip
fractures in the period of 2003-2013 in the westernmost
Austrian province Vorarlberg and predicts hip fracture
cases till 2050. Contrasting with previous publications on
hip fracture incidence in the Austrian population aged
>50 years that analyzed annual data of 1994-2006 and
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1995-2004 (Mann et al. 2008, 2010), we observed lower
age-standardized incidence rates among both genders. Our
figures are, however, more consistent with an investigation
by Dimai et al. (2011), also with respect to the notion of an
annual decrease in particularly female hip fracture inci-
dence in Austria from 2005 until the final year of that
study. A plausible explanation for these divergent findings
could be the lack of exclusion of multiple registrations due
to re-admissions for the same fracture in the studies by
Mann et al. (2008, 2010), whereas Dimai et al. (2011)
applied a correction factor, and for the present investiga-
tion anonymized information on the patient level was
available. In an international context, incidence rates herein
are moderate to low according to the categorization used in
a previous meta-analysis that compared age-standardized
hip fracture incidence rates among studies in general
populations worldwide (Kanis et al. 2012) (data therein are,
however, reported as standardized to the world population
and not to the ESR). We tentatively explain this finding by
effective regional prevention programs: Since the early
1990s, in Vorarlberg broad public awareness has been
created by area-wide activities for fall prevention in the
context of “Safe Communities”, and osteoporosis gym-
nastics, advanced screening and treatment of osteoporosis
(women 50 PLUS) were offered (Concin et al. 2002).

It is these measures and prevention programs that may
have contributed likewise to the decline of hip fractures by
the mid of the last decade, particularly among women. This
trend has previously been observed in Austria from 2006 to
2008 in a study based on the national hospital discharge
register for the population >50 years (Dimaietal.2011), and
declining hip fracture incidence during previous years has
been reported from other countries as well: Using register-
based hospital data from Oslo/Norway, the age-standardized
hip fracture incidence rate for women but not men >50 years
was significantly decreased in 2007 as compared to inci-
dence rates from the 1970s, 1980s, and 1990s (Stgen et al.
2012). Also in Belgium 2000-2007, using the national hos-
pital database, age-adjusted annual incidence rates were
found to have significantly declined for women but not for
men >50 years (Hiligsmann et al. 2012). A decrease in age-
adjusted rates for both genders was reported for the Nor-
wegian population >50 years 1999-2008 using a nationwide
hip fracture database (Omsland et al. 2012), from the
Canadian province of Québec among people >50 years
1993-2004 based on the local hospital discharge register
(Vanasse et al. 2012), and from The Netherlands for the
population >65 years 1994-2008 using the national hospital
discharge registry (Hartholt et al. 2011); moreover, using
data from the Swiss national statistics database, age-stan-
dardized hospitalizations due to hip fractures significantly
decreased for both genders >45 years 20002008 (Lippuner
etal. 2012). Furthermore, in France 2002—-2008, based on the
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national hospital database, a decreasing incidence trend was
described for both genders >75 years, yet over 40 years,
women displayed declining, and men increasing incidence
trends (Maravic et al. 2011). Similarly in Spain, with fracture
data obtained from a governmental database, annual age-
adjusted incidence rates 2007-2010 rose for male but
declined for female hip fractures since the period of
1997-2000 for the population >65 years (Azagra et al.
2014). By contrast, while crude incidence rates in Germany
increased 1995-2010 using data from the national hospital
discharge register, no significant trend was observed upon
adjustment for age and sex; however, for males >40 years,
incidence rates increased whereas those for women over
60 years decreased in areas of former Western Germany
only (Icks et al. 2013). In fact, mixed results were also
reported in a previous review on secular trends of hip fracture
incidence (Cooper et al. 2011). Such variation can be
explained by differences in the investigated age groups,
observation periods, outcome measures (crude, age- and/or
sex-adjusted incidence), and data resources.

Gender-specific differences in hip fracture incidence
may be reflective of a faster decrease among women than
among men (Cawthon 2011; Lippuner et al. 2012). In our
study, we observed a decline in female hip fracture inci-
dence, but, despite a local maximum 2005 and 2006, no
clear further trend for men, whereas elsewhere an increase
among older men >80 years was stated (Hartholt et al.
2011). Since osteoporosis is more prevalent in women,
many prevention programs have targeted mainly those,
while male osteoporosis is likely to be underdiagnosed and
accordingly undertreated (Geusens et al. 2009). Consistent
with more previous data from Austria (Dimai et al. 2011),
we observed a reversal of the trend in female hip fracture
incidence, suggesting that prevention programs are effec-
tive. There is no clear impact on male hip fracture
incidence, indicating that measures for male osteoporosis
prevention should be intensified.

Assuming a constant standard in prevention and care of
hip fractures in Vorarlberg till 2050, forecasts up to 2050
show an increase in both male and female hip fractures if
incidence trends 2003-2013 are not accounted for. If these
trends are accounted for, we predict slightly rising male but
decreasing female cases, however, precaution is due because
of the wide 95 % prediction intervals for male cases. As
observed elsewhere, demographic changes towards an aug-
mented proportion of older age groups substantially
contribute to increasing numbers of hip fractures (e.g.,
Hartholt et al. 2011). If, however, the trend of decreasing
female incidence continues in the coming years, it will
antagonize the predicted increment in the number of cases.
Brown et al. (2012) accounted for past decreasing trends in
hip fracture incidence in the United States among individ-
uals >45 years between 1990 and 2006; using data from the
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National Hospital Discharge Survey on hip fractures, they
found that conservative estimates may result in levelling-off
of all cases and even a reduction of male cases 2010-2050.
With data from the same database likewise 1990-2006 for
people >65 years, considering past incidence trends, a rise
of 11.9 % of total hip fractures from 2010 until 2030 was
anticipated (Stevens and Rudd 2013); gender-wise, however,
a small reduction of 3.5 % was predicted for female cases
counteracted by an almost 52 % increase of male cases.
Similar conclusions can be drawn from our results herein
that cases will increase until 2050 if incidence trends before
2013 are not factored in. If they are considered based on
gender- and age-specific incidence rates, our scenario for
male cases 2015-2050 is similar to that described by Brown
et al. (2012) resulting in a slight rise to a constant level
followed by a reduction. Our prognosis for female hip
fractures matches the finding of Stevens and Rudd (2013)
that cases are on a moderate decrease.

Lifestyle changes such as weight gain, enhanced phys-
ical activity or improved prevention (anti-osteoporotic
drugs, hip protectors) may have contributed to differential
fracture risks across populations. Possible reasons for the
decrease in (female) hip fracture incidence observed in our
study could include improvements in general health that
are mostly unrelated to prevention programs, such as
changes in risk factors (smoking, alcohol consumption, low
physical activity) over time, effects on bone health in birth
cohorts, and changes in population structure. But also
preventive measures could play a significant role encom-
passing  effects of augmented  bisphosphonate
administration, which entails benefits particularly for
postmenopausal women (Gallacher and Dixon 2010). This
conjecture is supported by studies demonstrating that a
marked increase in bisphosphonate prescriptions during the
2000s coincided with reduction of primarily female hip
fracture incidence (Alves et al. 2013; Fisher et al. 2009;
Hiligsmann et al. 2012). Further observation of our study
population can clarify the impact of prevention programs,
including administration of bisphosphonates and fall pre-
vention strategies, on future hip fracture incidence.
Increase of longevity has an eminent influence on the
future number of cases, since hip fractures occur predom-
inantly at more advanced age, which is evident in the group
of those over 50 years. Furthermore, today’s preventive
measures can have an effect until 2030 if one assumes a
latency period of 10 years. Prognosis for subsequent years
is, therefore, speculative, also because possible behavioral
changes in the population cannot be known today. Further
observations of incidence trends are required to verify the
predictions and possibly to adjust for expected future risk
factor constellations such as obesity and physical activity.

Our study might harbor several limitations: Assuming
validity and reliability of the reported hip fracture numbers

and population projections, possible future changes in
osteoporosis prevalence as a result of improvements in
prevention or treatment are unknown to date and could,
therefore, not be accommodated by our model. It should,
furthermore, be borne in mind that misclassification of the
diagnosis of hip fracture is theoretically possible, though it
is usually clearly diagnosed. Moreover, our estimates are
based on the discharge diagnoses of regional hospitals and,
therefore, reflect the health care situation in Vorarlberg.
However, since hip fractures are treated almost exclusively
on a stationary basis, completeness of the data can be
assumed (Wildner and Clark 2001). Major strengths of our
investigation include the availability of data on hip frac-
tures covering a period of 11 years on individual level,
whereas most previous analyses on osteoporosis and hip
fractures in Austria rely on aggregated data from the
national hospital diagnosis discharge register (Icks et al.
2008; Mann et al. 2008, 2010). Beyond that, owing to the
geographic situation but also political factors (extensive
mountain ranges and non-EU countries constitute the bor-
ders), exhaustive capture of hip fracture cases in the target
population is likely, since treatment of local hip fractures in
adjacent regions is practically very limited.

Conclusions

Our results indicate that in Vorarlberg past preventive
programs against osteoporosis-related (hip) fractures have
been effective after all in the female population and should
be continued focusing on women >80 years in particular,
but more efforts are required regarding the male popula-
tion, especially >65 years. In aging societies, such
programs will be the more successful the more efficiently
they reach the fastest growing elderly age groups.
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