Arch Osteoporos (2014) 9:200
DOI 10.1007/s11657-014-0200-5

ORIGINAL ARTICLE

Current and future burden of incident hip fractures

in New South Wales, Australia

Alexandre S. Stephens - Barbara Toson -
Jacqueline C. T. Close

Received: 25 June 2014 / Accepted: 29 October 2014 /Published online: 11 November 2014
© International Osteoporosis Foundation and National Osteoporosis Foundation 2014

Abstract

Summary Population ageing presents significant challenges
for many developed nations. Accurately forecasting the likely
future burden of age-related medical conditions, such as hip
fracture, is critical. In this study, we present estimates of the
current and future burden of hip fracture in NSW, Australia,
providing crucial information for future health care planning.
Purpose The aims of this study were to investigate the burden
of hip fracture in Australia’s largest state, New South Wales
(NSW), and to build a prediction model to forecast the likely
future burden of hip fracture from 2016 to 2036 in persons
aged 50 years or more.

Methods A retrospective population-based cohort study was
conducted using NSW hospitalisation data. Standardised in-
cident hip fracture rates and hip fracture-related acute care
length of stay and costs were estimated. Predictive negative
binomial regression modelling using age, gender and local
health district and year covariates together with projected
NSW populations was applied to forecast future hip fractures.
Results Total incident hip fractures increased 8.8 % over a 12-
year period from 2000/2001 to 2011/2012 despite declining
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age-standardised rates. Estimates of acute care length of stay
for the treatment of hip fracture ranged from 10 to 15 days and
acute care costs ranged between 21 and 29,000 Australian
dollars per fracture. By 2036, incident hip fractures are
projected to rise by 35.2 %, assuming a continued decline in
the rate of hip fracture or by 107.5 % if the current decline in
the rate does not continue. Acute care length of stay and costs
are each predicted to rise between 37.1 and 110.4 % by 2036.
Conclusion An ageing population and changing demo-
graphics will continue to drive the increasing burden of inci-
dent hip fractures in NSW and Australia in the foreseeable
future. These anticipated changes provide important informa-
tion for the planning and management of future hip fracture
care.

Keywords Hip fracture - Burden - Ageing population -
Projection - Health care planning

Introduction

An osteoporotic hip fracture is a devastating event for an older
person, associated with significant excess mortality, decreased
ability to function independently and reduced quality of life
[1-4]. In Australia, hip fracture is the most common low
trauma osteoporotic fracture necessitating hospitalisation, ac-
counting for over 40 % of incident fall-related fracture
hospitalisations [5, 6]. Aside from the enormous human cost,
hip fracture is associated with significant health care expendi-
ture with estimates of acute care costs alone ranging from
$2,000 to $20,000 Australian dollars (SAUD) per fracture [7].
Data from the USA show that hip fracture accounts for 72 %
of the financial burden whilst only accounting for 14 % of all
incident fractures [8].

In Australia, a nationwide study by the Australian Institute
of Health and Welfare (AIHW) showed that the absolute
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number of incident hip fractures steadily increased over
10 years from 1997/1998 to 2006/2007 corresponding to an
11 % rise over the study period [7]. However, this percentage
rise was well below the 36 % increase predicted by a forecast
analysis of the population-based Geelong Osteoporosis Study
over a similar timeframe (1996-2006) [9]. The difference in
the observed and predicted increase is in part explained by the
decreasing standardised rates of hip fracture seen in Australia.
Whilst the reasons underpinning the observed decrease in the
standardised rate of hip fracture are not fully understood, what
is clear in Australia and many other developed countries is that
population ageing will continue to increase the absolute num-
ber of older persons sustaining hip fractures into the foresee-
able future [10—15]. Therefore, it is important that forecasts of
the likely future burden of hip fracture are generated with the
anticipation that the knowledge will be used to inform health
policy, planning and practice.

The aim of this study was to utilise New South Wales
(NSW) admitted patient hospital data, which provides com-
plete state-wide coverage of incident hip fracture cases, to
generate forecasts of the likely future burden of hip fracture
in NSW in persons aged 50 years or above. This study
explores the patterns of incident hip fractures in NSW,
Australia’s most populous state, and derives estimates of hip
fracture-related acute care length of stay and costs by age
group and gender. Statistical modelling is used to generate a
prediction model for incident hip fracture and is combined
with projected changes in NSW populations to forecast the
future burden of incident hip fractures in NSW, Australia, to
inform policy and planning of future health care services.

Study population and statistical methods

Study design

This is a retrospective population-based cohort study.
Data sources

NSW is the largest state in Australia with an estimated resi-
dential population of 7.4 million in 2013. NSW accounts for
approximately one third of the total Australian population and
constitutes a large representative sample of the general popu-
lation. Hospitalisation data used for the study was from the
NSW admitted patient data collection (APDC). The APDC is
a census of all inpatient hospital separations from public and
private institutions in NSW, Australia. For the APDC, separa-
tions are classified as occurring when a patient is discharged,
transferred to another hospital, assigned a new type of care
(statistical discharge) or dies. Each APDC record contains
multiple diagnosis fields that are coded according to the
International Statistical Classification of Diseases and Related

@ Springer

Health Problems, Tenth Revision, Australian Modification
(ICD-10-AM) [16]. The study population comprised all
NSW residents aged 50 years or more admitted to a hospital
with a primary diagnosis of hip fracture (ICD-10-AM S72.0 to
S72.2) over the period 1 July 2000 to 30 June 2012. The study
population was restricted to incident cases by omitting trans-
fers from other hospitals and by excluding statistical dis-
charges. An estimate of the number of incident
hospitalisations for NSW residents that occurred whilst they
were interstate was obtained for the two most recent financial
years (2010 and 2011) based on the average of the three
previous years.

Demographic variables used in the study were obtained
from the NSW APDC and included age (in 5-year age groups),
gender, financial year and NSW Local Health District (LHD)
to provide a measure of geographical area of residence. Age-
and sex-specific estimated residential populations (ERPs) for
the 15 NSW LHDs as on 31 December for the calendar years
2000 to 2012 were obtained from the NSW Ministry of
Health. The ERPs were used to calculate age- and sex-
standardised hospitalisation rates and to build a prediction
model for forecasting future incident hip fracture
hospitalisations. ERPs were based on Australian Bureau of
Statistics (ABS) mid-year population estimates and derived
from cubic spline interpolation. The NSW APDC and ERP
datasets were accessed through the NSW Ministry of Health’s
Secure Analytics for Population Health Research and Intelli-
gence (SAPHaRI) system. NSW Local Government Area
(LGA) age- and sex-specific projected populations for 2016
to 2036 were obtained from the NSW Department of Planning
and Infrastructure [17]. The projected populations were avail-
able in 5-year intervals commencing with the year 2016.
LGA-projected populations were mapped to LHDs within
the SAPHaRI environment to generate LHD projected popu-
lations. Projected populations take into consideration the find-
ings from the 2006 Australian census, published ABS ERPs
for the period 20062009 and current information on fertility,
migration and mortality [17].

Statistical and projection analysis

Direct age- and sex-standardised incident hip fracture
hospitalisations were calculated using the NSW residential
population as on 30 June 2001 as the reference population,
according to the recommendations of the ABS and the AIHW
[18]. For the building of a prediction model, Poisson regres-
sion was initially fitted to the data but model diagnostics
indicated that incident hip fracture rates were over-dispersed.
A negative binomial regression, which accommodates for
increased variance in the outcome, was then used to model
incident hip fracture hospitalisation rates with year, age group,
gender, and LHD (for the modelling of area specific effects) as
covariates. Two-way interaction terms for age group and year,
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and gender and year were tested but did not improve goodness
of fit and were excluded from the final model. Natural
logarithm-transformed ERPs for each age-sex-year-LHD stra-
ta group were included in the models as an offset variable.
Estimated parameters for year, age group, gender and LHD
were used in conjunction with projected populations to fore-
cast incident hip fracture hospitalisations into the future. Two
projection scenarios were used for the forecasting of
hospitalisations by 5-year intervals from 2016 to 2036:

(1) Demographic changes only

The estimated effects for gender, age group and LHD were
applied to the projected changes in demographics to forecast
the number of incident hip fracture hospitalisations into the
future. This scenario does not take into account the recent
observed decline in standardised incident hip fracture rates
and effectively models the influence of projected changes in
demographics. It assumes that incident hip fracture rates will
continue at 2011 financial year levels into the future and
provides a likely upper estimate of future hip fracture cases.

(2) Demographic changes assuming a decline in hip frac-
ture rates into the future

The recent observed decline in standardised hip fracture
hospitalisation rates was included in the forecast model. All
estimated parameters from the negative binomial model were
used with projected population data to forecast incident
hip fracture hospitalisations into the future. This projec-
tion scenario provides a likely lower boundary of future
hip fracture cases.

The use of two projection scenarios provides a mechanism
to cater for the uncertainty of potentially changing hip fracture
rates into the future. It is possible that the current decline in hip
fracture rates will continue into the near future. However, this
decline will not continue indefinitely and at some stage will
lessen or stabilise. When this change will occur is unknown,
the two projection scenarios provide an interval that is more
likely to capture the true future burden, helping accommodate
the uncertainty associated with extrapolating hip fracture rates
into the future.

For the estimation of mean acute care length of stay and
costs, information was captured across all relevant hospital
records by using the complete hospitalisation dataset includ-
ing new (incident) admissions, transfers and changes in ser-
vice type. This dataset is identical to the dataset used to
estimate incident hip fracture cases (described above) but
includes hospital transfer admissions and care-type change
admissions. To minimise the potential influence of extreme
outlier observations, hospital admissions with length of stay
greater than 70 days (the 99th percentile) were trimmed to
70 days. Mean acute care length of stay was estimated by

summing length of stay across APDC records by age group
and gender, and then dividing the summed length of stay by
the corresponding estimated number incident hip fractures.
Acute care length of stay was projected into the future by
multiplying age-group and gender-specific estimated mean
acute care length of stay by projected incident hip fracture
cases for the two projection scenarios.

To derive mean acute care costs, a measure of the standard
cost of care in the form of cost weights for each APDC record
with a primary diagnosis of hip fracture was generated. Epi-
sode of care costs was derived according to the New South
Wales Cost of Care Standards 2009/2010 [19]. Standard costs
of admitted acute care services were estimated from the
2006/2007 NSW Hospital Cost Data Collection (HCDC).
The HCDC includes data from 83 hospitals throughout
NSW and was used to estimate the average cost of treatment
for each Australian Refined Diagnosis Related Group (AR-
DRG). AR-DRGs represent a classification system used to
group hospital admissions with similar clinical conditions into
categories that reflect similar usage of hospital resources and
services. An AR-DRG is assigned to each hospital admission
and provides a basis for funding. To estimate costs, relative
costs (cost weights) supplied in the Cost of Care Standards
were assigned to each hospital admission by matching on AR-
DRG. Adjustments to cost weights for transfers, in-hospital
deaths and long lengths of stay were made as per the cost of
care standards [19]. The cost for records with infrequent or
missing AR-DRGs was obtained by applying the average
inlier, outlier and transfer cost weights and average high trim
point based on the 95.3 % of records covered by the top six
AR-DRGs. Due to the changing pattern of AR-DRG usage for
hip fracture over time, acute care costs were estimated over the
2-year period from 1 July 2010 to 30 June 2012, reflecting the
most recent pattern of stable AR-DRG usage. Cost weights
were summed across APDC records by age group and gender
and then divided by the number of incident hip fractures to
derive mean acute care cost weights. Due to small numbers,
cost weights for the 50-54-year age group were estimated
based on a combined group of males and females. Dollar costs
($AUD) were obtained by multiplying the cost weights by
$4,280, the average dollar amount of a cost weight in
2009/2010 [19], and final costs were escalated to include
Sydney, NSW health care sector rates of inflation [20] for
the financial years 2010 to 2012 to reflect 2013 costs. We
assumed that the average AR-DRG charges were reflective of
the real costs of health care provision. Acute care costs were
projected into the future using the same methodology applied
to forecast acute care length of stay.

All data manipulations, statistical analyses and projection
of incident hip fracture hospitalisations, acute care length of
stay and acute care costs into the future were carried out in
SAS Enterprise Guide, version 5.1 (SAS Institute, Inc., Cary,
NC, USA). Tables were generated in Microsoft Excel and
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figures were created in R 2.15.1. Years are financial unless
otherwise stated.

Results
Patterns of incident hip fracture in NSW

Over the 12-year period from 1 July 2000 to 30 June 2012,
there were 71,566 incident hip fractures in persons aged
50 years or more in NSW, Australia. Unintentional falls were
the primary external cause of injury for 65,957 (91.9 %) of the
cases and females accounted for 72.2 % of incident hip
fractures. Over the study period, 89.4 % of incident hip
fractures occurred in those aged 70 years or greater and
persons aged 85 years or more accounted for 43.7 %.

The number of annual incident hip fracture hospitalisations
increased over the study period from 5,777 in 2000 to 6,287 in
2011, representing an 8.8 % rise. Despite the rise in the total
number of incident hip fractures over time, standardised inci-
dent hip fracture rates for males and females declined over the
time period (Table 1). For females, the standardised rate was
438.7 fractures per 100,000 in the year 2000 and declined to
342.9 fractures per 100,000 by 2011 (a change of —21.8 %).
For males, the standardised rate was 162.2 per 100,000 in
2000 and decreased to 139.1 in 2011 (a change of —14.2 %).

When studied by 5-year age group, incident hip fracture
rates declined significantly over the study period for all age
groups aged 65 years or more, displaying mean annual per-
centage changes ranging from —0.8 to —2.4 %. Hip fracture
rates were stable over the study period for the 50-54-, 55-59-
and 60—64-year age groups. Standardised hip fracture rates
were strongly correlated with age group and displayed an
exponential rise with increasing age. The lowest rates were
observed in those aged 5054 years (e.g. 14.4 per 100,000 in
2011) and were greatest in those aged 85 years or more (e.g.
2078.9 per 100,000 in 2011).

Table 2 highlights the distribution of AR-DRGs assigned to
incident hip fractures by age group over the period 1 July 2010
to 30 June 2012. Six major AR-DRGs were assigned to
95.3 % of all incident hip fracture cases with the remaining
4.7 % of patients distributed across less frequent AR-DRGs or
missing an AR-DRG. The six major AR-DRGs related to
procedures of the hip, femur or neck of femur. When AR-
DRGs were analysed by age group, a changing pattern in the
distribution of AR-DRGs was observed, whereby the propor-
tion of AR-DRGs associated with comorbidities and compli-
cations increased with increasing age (Table 2 and Fig. 1a).

Mean acute care length of stay (acute bed days) and mean
acute care costs were estimated by gender and age group
(Fig. 1b, c). Mean acute care length of stay ranged from
10.5 to 15.0 days for males and from 10.6 to 13.8 days for
females. Increasing age was associated with an increased
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length of stay, and this effect was seen in both males and
females. Males had a higher acute care length of stay in all age
groups with the exception of those aged 50-54 years. Acute
care costs based on AR-DRG increased with age, ranging
from AUDS$20,980 per incident hip fracture in people aged
50-54 years to AUD$26,760 for females and AUD$28,270
for males aged 85+years.

Projected changes in NSW populations by age group
and gender

The NSW population as estimated on 30 June 2011 was
7,357,300 with 2,369,800 (32.2 %), aged 50 years or greater.
By 2036, it is expected that the total NSW population will
increase by 29.4 % to 9,521,400 persons and 3,626,900
(38.1 %) will be aged 50 years or more. Over this 25-year
period, the population growth experienced in those aged
50 years or older is projected to be 53.0 %. The breakdown
of the projected populations by gender and age group in
persons aged 50 years or more was examined from 2016 to
2036 in 5-year intervals (Online Resource 1 and Fig. 1d).

Projection of incident hip fractures and related acute care
length of stay and costs in NSW

A negative binomial prediction model for incident hip fracture
was generated and used in conjunction with projected changes
in demographics to estimate the future burden of incident hip
fractures in NSW over the period 2016 to 2036 (Table 3).
Incident hip fracture predictions were combined with age- and
gender-specific estimates of acute care length of stay and
acute care costs to obtain projections for these outcomes.
Two scenarios were used to forecast incident hip fractures into
the future. Projections were plotted against year by gender and
age group (Fig. 2 and Online Resource 2). Demographic
changes alone are expected to drive an increase in the absolute
number of incident hip fractures into the future. Even in the
best case scenario where fracture rates are assumed to contin-
ue declining into the future, incident hip fractures are
projected to rise by 14.3 % in 2026 and by 35.2 % in 2036,
representing absolute incident hip fractures of 7,188 and
8,498, respectively. If the current decline in fracture rate does
not continue, then incident hip fractures are projected to
increase by 46.8 % in 2026 and by 107.5 % in 2036 equating
to 9,228 and 13,043 absolute hip fractures, respectively. The
largest increases in the number of incident hip fractures are
projected to occur in the older age groups. By 2026, 90 % of
all incident hip fractures are projected to occur in persons aged
70 or more and this number is set to rise to 93 % by 2036. The
proportion of hip fractures accounted for by women is
projected to decline slightly from 71 % in 2011 to 68.5 %
by 2026 and to 68 % by 2036.
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Table 1 Total and fall-related absolute numbers of incident hip fractures and standardised total incident hip fractures rates per 100,000 population by
gender and age groups in NSW for the financial years 2000 to 2011

Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Hip fractures
Total® 5777 5921 5962 5888 5705 5724 5944 5967 5966 6152 6273 6287
Fall-related * 5229 5285 4930 5396 5335 5355 5543 5595 5581 5756 5894 5898
(%) ® 90.5 89.3 82.7 91.6 93.5 93.6 93.3 93.8 93.5 93.6 94.0 93.8
Gender
Females 438.7 428.7 418.1 404.4 382.2 372.6 370.9 361.9 351.7 3585 3499 3429
Males 162.2 167.0 166.3 161.7 151.9 1493 154.8 151.7 147.9 143.7 145.1 139.1
Age group
50-54 17.5 18.5 17.2 15.9 14.0 16.3 15.0 19.0 15.8 17.3 193 14.4
55-59 26.6 29.4 26.5 30.5 315 28.0 33.0 27.8 277 32.6 334 29.6
60-64 58.4 59.0 46.7 482 48.6 50.9 50.5 61.1 55.7 46.4 46.3 63.5
65-69 103.9 85.8 108.9 113.6 99.7 85.2 94.4 102.1 92.4 98.4 84.6 94.4
70-74 2249 2329 214.6 227.6 205.9 196.1 190.7 202.8 186.9 188.3 199.9 194.5
75-79 522.9 5623 496.2 507.9 462.8 483.1 461.6 460.3 438.9 454.0 397.0 403.6
80-84 12228 10756 11557  1078.7 10540  1030.7  1013.8  938.0 936.6 929.8 912.1 887.6
85+ 2597.7 26565  2603.0 24258 23025 22167  2296.6 21853  2177.1 21719 22234 20789

# Observed incident hip fracture hospitalisations

® Fall-related incident hip fracture hospitalisations expressed as a percentage of total

Based on current estimates of acute care costs and acute
care length of stay, and assuming a continued decline in the
rate of hip fracture, total acute bed days are projected to rise
from 85,884 in 2011 to 98,915 (15.2 % increase) by 2026 and
to 117,729 (37.1 %) by 2036 (Fig. 3a and Online Resource 3).
In the absence of a further decline in the rate of hip fracture,
total acute bed days are projected to increase to 126,996
(47.9 %) by 2026 and to 180,689 by 2036 (110.4 %, Fig. 3a
and Online Resource 3). Using both scenarios, acute care costs
are projected to rise from AUD$163.9 million in 2011 to

Table 2 Column percentages of major hip fracture Australian Refined
Diagnosis Related Groups (AR-DRG) by 5-year age group, total incident
hip fractures and percentages by age group, and total incident hip

between AUD$188.9 and AUD$242.5 million in 2026 and
to between AUD$224.8 and AUD$345.0 million in 2036
(Fig. 3b and Online Resource 4).

Discussion
This study provides clear evidence of the substantial impact

that incident hip fracture continues to have on our health
systems despite the observed decrease in rates over time. A

fractures and percentages by AR-DRG in NSW hospitals over the period

1 July 2010 to 30 June 2012

Australian Refined Diagnosis Related Group Column percentages by age group (years) Total

Code 50- 55~ 60— 65~ 70— 75~ 80— 85+ =n Col

54 59 64 69 74 79 84 %
Other hip and femur procedures with catastrophic or severe CC ~ 108A 9.3 10.5 104 109 121 146 145 192 2003 16.1
Other hip and femur procedures w/o catastrophic or severe CC ~ 108B 44.1 40.2 357 36.7 320 293 296 27.8 3705 298
Hip revision with catastrophic or severe CC 103A 2.5 2.6 53 72 7.8 92 9.9 10.3 1160 93
Hip replacement with catastrophic or severe cc or hip revision w/o 103B 9.3 16.2 167 157 20.0 177 155 13.6 1888 15.2
cat

Fractures of neck of femur with catastrophic or severe CC 178A 3.1 30 28 27 37 38 57 59 630 5.1
Fractures of neck of femur w/o catastrophic or severe CC 178B 255 21.8 241 227 197 209 19.8 187 2459 19.8
Other AR-DRG or missing - 62 56 49 41 49 46 50 45 581 4.7
Total n 161 266 431 559 926 1494 2661 5928 12,426 100
Total row % 1.3 21 35 45 75 120 214 47.7 100
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Fig. 1 a Percentage of hip fracture-related AR-DRGs with and without
complications by age group. b Mean acute care length of stay (hospital
bed days) by gender and age group for the treatment of hip fracture. ¢ Hip
fracture-related mean acute care costs by gender and age group in

fall is the dominant precipitant of the fracture event which in
turn is more common in females and in the older old, both
factors associated with an increased likelihood of osteoporosis
[21, 22]. Our findings are consistent with a number of other
Australian and international studies which have shown that
age-standardised hip fracture rates for both males and females
have declined over recent years [5, 7, 15, 23-28]. A number of
hypotheses have been proposed to explain the observed de-
cline, the two most common of which relate to use of

Table 3 Total observed (for 2011) and projected (2016-2036) absolute
incident hip fractures and related acute care length of stay (bed days) and
acute care costs assuming incident hip fracture rates continue to decline at
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Number of Persons

Australian dollars (JAUD). d 2011 NSW estimated residential popula-
tions and 2036 projected populations by age group and gender. Inb and ¢,
dotted lines represent non-parametric LOESS smoothed curves

pharmacological agents for osteoporosis and implementation
of effective falls prevention strategies. A recent report from
NSW, Australia [29] shows that whilst hip fracture-related
hospitalisation is decreasing, the overall rate of fall-related
hospitalisation continues to increase by 3.8 % per annum
and does not support the argument of effective implementa-
tion of falls prevention strategies. Equally, the report chal-
lenges the argument that the decline is related to successful
treatment of osteoporosis as the rate of fall-related fracture

recent levels (A) or continue at 2011 levels into the future (B) for persons
aged 50 years or more in NSW, Australia

Year Incident hip fractures Acute care bed days Acute care costs (million $AUD)

A B A B A B
2011 6287 6287 85,884 85,384 163.9 163.9
2016 6477 (3.0) 6956 (10.6) 88,798 (3.4) 95,370 (11.0) 169.6 (3.5) 182.2 (11.1)
2021 6715 (6.8) 7886 (25.4) 92,177 (7.3) 108,241 (26.0) 176.0 (7.4) 206.7 (26.1)
2026 7188 (14.3) 9228 (46.8) 98,915 (15.2) 126,996 (47.9) 188.9 (15.2) 242.5 (47.9)
2031 7845 (24.8) 11,013 (75.2) 108,328 (26.1) 152,065 (77.1) 206.8 (26.1) 290.3 (77.0)
2036 8498 (35.2) 13,043 (107.5) 117,729 (37.1) 180,689 (110.4) 224.8 (37.1) 345.0 (110.4)

Percentage changes relative to 2011 are denoted in parentheses
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Fig. 2 Observed (2000 to 2011) Female

Male

and projected (2016 to 2036)
incident hip fracture
hospitalisations by gender and
age group for two projection
scenarios. Solid lines represent the
assumption that incident hip
fracture rates will continue to
decline into the future and dashed
lines assume that incident hip
fracture rates remain at 2011
levels into the future

5000 -

4000

3000

2000

1000

Observed and projected hip fracture hospitalisations

Age group
- 65-69 yrs
4 70-74 yrs
= 75-79 yrs
-+ 80-84 yrs
85+ yrs

hospitalisations continues to increase at 0.5 % per annum. As
an example, the standardised rate of low trauma leg, ankle and
foot fractures has risen by 1.3 % per year between 1998/1999
and 2011/2012 [29]. What the report also highlights is the
disproportionate increase in non-fracture fall-related
hospitalisations (5.9 % per annum), which is being driven by
the oldest old (6.9 % per annum).

Other potential hypotheses include the “healthy cohort
effect” [27] and the “healthy migrant effect” [30]. The healthy
cohort effect is the phenomenon of general improved health of
later birth cohorts, which can lead to consistent declines in
incident hip fracture rates in successive generations [27]. The
healthy migrant effect reflects the fact that people immigrating
to Australia are selected on numerous factors including health
and are likely to have equal or better health than the general
Australian population [30]. A recently published paper pro-
vides some evidence that overweight and obesity may confer a
protective effect on fracture risk [31]. This is not through a
decreased falls risk, as the data shows an increased risk of
falls, but could reflect better bone stock from increased load-
ing [32] or the protective effects of adipose tissue as an energy
absorber at the time of a fall event [33].

We also investigated the burden of hip fracture in NSW by
estimating hip fracture-related acute care length of stay and
costs. Acute care length of stay and associated acute care costs
increased with age and were generally higher in men. This is
likely to reflect a combination of increasing comorbidity and
complications with age and the fact that these people are often
slower to recover after major surgery compared to a younger
hip fracture patient. This is relevant to future cost projections
given the changing demography and the increasing number of
the older old population. Our estimates place acute care costs

S $ S o S S
¢S § S 0 © S
o P ® o 1 'L
Year

for the treatment of hip fracture between AUD$20,000 and
AUD$30,000 per fracture, totalling $165 million in
2011/2012. Also of note is that the estimate of cost only
represents the financial burden attributable to acute care, and
costs related to hip fracture following acute treatment includ-
ing rehabilitation in the hospital or at home, and long-term
care and support either in the community or in residential aged
care facilities are often not factored into the calculation of the
true societal impact of hip fracture [34, 35]. It is clear that in
many countries, incident hip fractures remain a significant
health and financial burden despite recently declining fracture
rates. Increases in the absolute number of hip fractures over
time reflect the impact of rising populations and increasing
age in driving an increased burden.

To gain an understanding of future health care demand and
burden, we used statistical modelling to predict the number of
incident hip fractures into the future. We implemented two
projection scenarios providing upper and lower prediction
limits representing what are likely to be the best and worst
case scenarios for future demand. By 2036, the number of
incident cases is predicted to range between 8,498 and 13,043
with the lower limit representing a 35 % increase in number of
hip fractures relative to 2011 and the upper limit reflecting an
increase of more than 100 % relative to 2011. These results are
comparable to the 100 % increase in incident hip fracture
cases projected to occur in Ireland over a similar time period
based entirely on demographic changes [11]. Likewise, recent
projection studies have predicted substantial rises in the num-
ber of incident hip fracture cases in other countries, such as a
potential doubling of cases in England over the 25-year period
(2008-2033) [27], a similar doubling in the annual number of
cases in Sweden between 2002 and 2050, and a greater than
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20 % rise over the 10-year period from 2010 to 2020 in Italy
[13—-15]. Significantly, even when declining annual hip frac-
ture rates are extrapolated into the future, the annual number
of hip fractures is still projected to increase by 12 % from 2010
to0 2030 in the USA and by 22 % in Norway between 2008 and
2040 [12, 36]. Furthermore, the estimated mean annual per-
centage changes in hip fracture rates required to counteract the
effects of population ageing in Norway, the UK, Germany,
France and the USA ranged between —1.1 and —2.2 %, and
highlights the strength of the projected growth in elderly
populations in driving increased hip fracture burden into the
future [12]. Our analysis also shows that the burden of hip
fractures is likely to shift slightly from females to males
reflecting the fact that males are projected to experience larger
population growth in the older age groups. In the absence of
new innovations and approaches to care, population ageing
alone will lead to a disproportionate increase in both length of

Fig. 3 a Projected incident hip

acute stay and cost of acute care. Whilst NSW is just one state
in Australia, it is the most populated and is considered repre-
sentative of Australia more generally. These projections are
relevant beyond NSW.

A previous Australian fracture projection study by
Saunders et al. [9] overestimated the future burden of hip
fracture in Australia by a substantial margin and reflects the
difficulty in generating accurate forecasts in the face of chang-
ing hip fracture trends. We have attempted to address this
uncertainty by utilising two projection scenarios which take
into consideration the current decline in hip fracture rates
whilst also generating forecasts based on rates remaining at
current levels. The two scenarios create an interval that ex-
pands into the future, reflecting increased uncertainty of
longer-term projections and which is more likely to contain
the true future burden. Our population-based study also
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Saunders et al. (all of NSW versus Barwon Statistical Divi-
sion), leading to more precise estimation of age- and sex-
specific hip fracture rates for use in projections.

The main limitation of the study is the absence of informa-
tion validating the coverage and accuracy of hip fracture data
in the APDC. However, the validity of administrative data to
identify hip fracture in several other countries has been shown
to be high and supports the use of administrative data to
reliably enumerate hip fractures [37]. The forecasting of hip
fractures into the future is also reliant on several other critical
assumptions. The projected populations used in the study
were forecasts themselves and, as such, were likely to contain
uncertainty that would be transferred to the forecasts. Any
changes to the estimates used to calculate projected popula-
tions including base populations, birth rates, mortality rates,
immigration and emigration, could impact hip fracture projec-
tions. A further limitation is the uncertainty of extrapolating
current standardised hip fracture rate trends into the future. We
have attempted to capture some of this uncertainty by utilising
two projection scenarios based on declining and stable hip
fracture rates to create projection intervals. However, uncer-
tainty in the extrapolation scenarios remains.

Our work suggests that the future burden of hip fracture in
NSW and Australia is likely to be substantial. The challenge
remains as to how to best alter this trend in hip fracture-related
hospitalisation in Australia and beyond. There is a wealth of
evidence to support the benefits of treating osteoporosis
[38—42], yet our approach to care in this area is still
fragmented and not systematised, with many people not of-
fered treatments from which they stand to benefit [40]. Evi-
dence also exists to highlight the potential effects of high
quality models of care that proactively address secondary
fracture prevention and where fracture rates at a population
level have been reduced through a systematised approach to
care [43]. Equally important is the need to ensure that falls
prevention strategies are applied. A robust evidence base
exists to support a number of different approaches to falls
prevention and it is the ability to implement the evidence
where gaps still exist [44, 45].

There is also much that can be done at a population and
health promotion level to reduce falls and fractures through
nutrition, maintenance of a healthy weight, exercise, smoking
cessation, alcohol minimisation and sensible sunlight expo-
sure. These interventions need to span the life cycle and have
the potential to deliver a number of positive health outcomes
including falls and fracture prevention in older age [40]. Only
when we see all these elements coming together are we likely
to see a significant change in the number of people being
admitted to hospital every day with what is a devastating
injury for the person and a costly one both to the health system
and society more generally.

In conclusion, we applied statistical modelling to forecast
the likely future burden of hip fracture in NSW, Australia,

using projected changes in demographics and trending hip
fracture information. The results show that the future burden
of hip fracture is likely to be significant, even with a continu-
ing decline in hip fracture rates. It highlights the need for
implementation of known effective strategies to reduce falls
and prevent and treat osteoporosis. It also provides vital
information for health care administrations to adequately plan
services to meet the future needs of the ageing NSW and
Australian population.
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