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ABSTRACT

In this international study, we examined the incidence of hip fractures, postfracture treatment, and all-cause mortality following hip
fractures, based on demographics, geography, and calendar year. We used patient-level healthcare data from 19 countries and
regions to identify patients aged 50 years and older hospitalized with a hip fracture from 2005 to 2018. The age- and sex-standardized
incidence rates of hip fractures, post-hip fracture treatment (defined as the proportion of patients receiving anti-osteoporosis med-
ication with various mechanisms of action [bisphosphonates, denosumab, raloxifene, strontium ranelate, or teriparatide] following a
hip fracture), and the all-cause mortality rates after hip fractures were estimated using a standardized protocol and common data
model. The number of hip fractures in 2050 was projected based on trends in the incidence and estimated future population demo-
graphics. In total, 4,115,046 hip fractures were identified from 20 databases. The reported age- and sex-standardized incidence rates
of hip fractures ranged from 95.1 (95% confidence interval [CI] 94.8-95.4) in Brazil to 315.9 (95% Cl 314.0-317.7) in Denmark per
100,000 population. Incidence rates decreased over the study period in most countries; however, the estimated total annual number
of hip fractures nearly doubled from 2018 to 2050. Within 1 year following a hip fracture, post-hip fracture treatment ranged from
11.5% (95% Cl 11.1% to 11.9%) in Germany to 50.3% (95% Cl 50.0% to 50.7%) in the United Kingdom, and all-cause mortality rates
ranged from 14.4% (95% Cl 14.0% to 14.8%) in Singapore to 28.3% (95% Cl 28.0% to 28.6%) in the United Kingdom. Males had lower
use of anti-osteoporosis medication than females, higher rates of all-cause mortality, and a larger increase in the projected number of
hip fractures by 2050. Substantial variations exist in the global epidemiology of hip fractures and postfracture outcomes. Our findings
inform possible actions to reduce the projected public health burden of osteoporotic fractures among the aging population. © 2023
The Authors. Journal of Bone and Mineral Research published by Wiley Periodicals LLC on behalf of American Society for Bone and

Mineral Research (ASBMR).
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Introduction

Methods

ip fracture, a major consequence of osteoporosis, remains a
H global public health concern because of the large number
of fractures (over 10 million cases per year globally!”), which pro-
duces burdens on patients, their families, and healthcare sys-
tems.® Fortunately, many hip fractures and their sequelae are
potentially preventable.®¥

The pattern of hip fractures based on demographics, geogra-
phy, and calendar year may reflect public health activities,
healthcare policies, and underlying risk factors in populations.
Temporal and geographic variations exist in the incidence rates
of hip fracture.”® The International Osteoporosis Foundation
(IOF) reported that the age-standardized incidence rates in
females in Europe ranged from 246 in Romania in 2005-2009
to 677 in Denmark in 2004, per 100,000 population.®) Compared
with Europe, countries in Asia reported lower age-standardized
incidence rates in females, ranging from 133 in Philippines in
2001-2005 to 355 in Taiwan in 1996-2000, per 100,000 popula-
tion.”® Stable or declining trends have been reported in Europe,
Oceania, and North America, but increasing trends have been
observed in Asia.”® The heterogeneous incidence rates could
reflect genuine differences between populations or heterogeneity
in data sources, study periods, and analytical approaches.®” To
address this research gap and to inform clinical care guidelines,
it is important to update the trend in incidences geographically
using a standardized methodology.

We applied a unified methodology to analyze data in
20 healthcare databases from 19 countries and regions across
Oceania, Asia, Western and Northern Europe, and North and
South America. The main aims of this study were to examine sec-
ular trends from 2005 to 2018 for (i) the incidence rate of hip frac-
ture, (i) post-hip fracture treatment, defined as the proportion of
patients receiving anti-osteoporosis medications (AOMs) within
1 year following hip fracture, and (iii) the all-cause mortality rate
within 1 year following hip fracture. We further aimed to project
the number of hip fractures in 2050 based on trends in the inci-
dence in 2005-2018 and future population demographics.

Study design

We analyzed patient-level data obtained from electronic health
databases and registries using a standard protocol and a com-
mon data model (CDM). The study protocol has been pub-
lished.®> Details of the CDM, data analysis workflow, and
modifications made in site-specific analyses are described in
the Supplementary Methods.

Data sources

This large-scale global study included databases from Oceania
(State of Victoria in Australia, New Zealand), Asia (Hong Kong,
Japan, Singapore, South Korea, Taiwan, Thailand), Northern and
Western Europe (Denmark, Finland, the United Kingdom [UK],
France, Germany, ltaly, the Netherlands, Spain), and North and
South America (Canada, the United States [US], Brazil). In the
US, two large representative databases covering Medicare
Fee-for-Service (Medicare) and Medicare Advantage-insured
and commercial plan-insured (Optum) populations were
included. In total, 20 healthcare databases were included in the
analysis (a brief description of each database is provided in the
Supplementary Methods). The characteristics of the databases
and data availability have been reported.”” Twelve databases
covered over 90% of the population in their country or region,
while the remaining eight covered 5% to 70% of the population
(Tables 1 and S1).

Study populations

Patients aged =50 years at the time of hip fracture with data
available on sex were identified in each calendar year from
2005 to 2018. In claims or primary care databases, we further
selected those who met the following criteria on January 1 of a
given calendar year: (i) still enrolled in the database and (ii) had
at least a 1-year observation period.
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To estimate post-hip fracture treatment and mortality, we
excluded patients with a previous diagnosis of hip fracture at
least 1 year before 2005. The rationale was that patients with a
history of hip fracture are more likely to receive treatment and
have a higher risk of death than those without this history.

Outcome assessment

Hip fracture events were defined using inpatient diagnoses with
International Classification of Diseases, Ninth/Tenth Revision codes
or equivalent codes used in other diagnostic coding systems for
hip fractures. The list of diagnosis codes has been reported.® For
primary care databases without inpatient diagnoses, we used gen-
eral practice diagnoses. Each patient could have had multiple hip
fracture events during the study period. These could represent mul-
tiple fracture events or complications and follow-up visits after a sin-
gle fracture event. To avoid repeat counting of the same episode,
we applied a washout period of 180 days, based on clinical exper-
tise, to define a new hip fracture event (i.e,, two hip fracture diagno-
ses occurring within 180 days of each other were considered a
single event). Baseline characteristics, including age, sex, and receipt
of AOMs within 1 year before fracture, were described. To investi-
gate whether the 180-day washout period would bias the incidence
estimate, we used a shorter (90-day) and a longer (365-day) wash-
out period in the sensitivity analyses.

Post-hip fracture treatment was defined as the proportion of
patients receiving a prescription for or being dispensed an

AOM within 1 year of the initial hip fracture. AOMs include
bisphosphonates, denosumab, raloxifene, strontium ranelate,
and teriparatide; a list of AOMs has been reported elsewhere.®)
Prescription or dispensing records were classified using World
Health Organization Anatomical Therapeutic Chemical classifica-
tion system codes or equivalent codes from other drug-coding
systems as used in the databases.

All-cause mortality was defined as all deaths occurring within
1 year of an initial hip fracture.

Statistical analysis

The methodologies used to estimate the incidence rates, post-hip
fracture treatment, all-cause mortality rates, secular trends, and pro-
jected number of hip fractures are described in the Supplementary
Methods. The 2020 United Nations world population estimates
(https://population.un.org/wpp/Download/Standard/Population/)
were used for age and sex standardization. All analyses were con-
ducted using SAS (SAS Institute, Cary, NC, USA) or R (R Foundation
for Statistical Computing, Vienna, Austria) software.

Results

Overall, 4,115,046 hip fractures were identified from 20 data-
bases. Over 70% of fractures occurred in females and more than
40% occurred in people aged =85 years (Table 1). Fourteen data-
bases reported a median of 10.2% (range 2.3% to 17.6%) of the

Table 2. Age- and Sex-Standardized?® Incidence Rates of Hip Fractures during Study Period in People Aged 50 Years and Older

Standardized incidence rate per 100,000 population (95% CI)

Study Female-to-male

Site period Overall Female Male ratio
Oceania

Australia, Victoria 2014-2017 224.2 (221.3,227.1) 297.3 (292.7,301.9) 144.1 (140.8, 147.6) 2.1

New Zealand 2008-2018 189.8 (187.9, 191.6) 252.4 (249.5, 255.4) 121.1 (119.0, 123.3) 2.1
Asia

Hong Kong 2005-2018 190.4 (189.1, 191.7) 245.5 (243.4, 247.5) 130.2 (128.6, 131.7) 1.9

Japanb 2013-2018 54.8 (51.6, 58.2) 79.4 (73.8, 85.3) 29.1 (26.1, 32.4) 2.7

Singapore 2005-2018 314.2 (311.0,317.4) 418.1 (412.9,423.3) 200.4 (196.8, 204.1) 2.1

South Korea 2008-2018 189.5 (188.8, 190.1) 244.1 (243.2, 245.1) 129.6 (128.8, 130.5) 1.9

Taiwan 2005-2018 253.4 (252.4,254.4) 319.4 (317.8, 320.9) 181.1 (180.0, 182.3) 1.8

Thailand 2016-2018 95.2 (94.4, 96.0) 128.2 (126.9, 129.5) 59.2 (58.2, 60.1) 2.2

Northern and
Western Europe

Denmark 2005-2018 315.9 (314.0, 317.7)
Finland 2005-2018 226.5 (225.0, 228.0)
UK 2005-2018 134.0 (133.2, 134.9)
France 2007-2018 239.4 (237.9, 240.9)
Germany 2012-2018 178.5 (176.2, 180.8)
Italy 2011-2018 227.2 (226.7,227.7)
The Netherlands 2009-2018 147.0 (144.5, 150.9)
Spain 2005-2018 176.8 (176.4,177.3)
North and South America

Canada 2005-2016 157.8 (157.2, 158.3)
US (Medicare)® 2008-2018 487.9 (486.2, 489.6)
US (Optum) 2009-2018 237.3 (236.1, 238.5)
Brazil 2008-2018 95.1 (94.8, 95.4)

401.9 (399.1, 404.7) 221.6 (219.3,223.9) 1.8
271.3 (269.1, 273.5) 177.5 (175.5, 179.6) 15
183.3 (182.0, 184.6) 80.0 (79.1, 81.0) 23
3184 (316.1, 320.7) 152.9 (151.1, 154.8) 2.1
224.0 (220.4, 227.5) 128.7 (126.0, 131.4) 1.7
309.6 (308.8, 310.5) 136.9 (136.3, 137.6) 23
192.0 (187.0, 197.1) 99.1 (95.3, 103.1) 1.9
240.2 (239.5, 240.9) 107.4 (106.9, 108.0) 2.2
209.6 (208.7, 210.5) 100.9 (100.3, 101.6) 2.1
624.0 (621.4, 626.5) 321.0(318.8,323.1) 19
315.8 (313.9,317.7) 151.2 (149.8, 152.7) 2.1
116.9 (116.5, 117.3) 71.2(70.9,71.5) 1.6

®The 2020 United Nations world population estimates were used for standardization.

PThe population in Japan included people aged <75 years only; Medicare database in the US included people aged >65 years only. Cl = confidence

interval; UK = United Kingdom; US = United States.
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https://population.un.org/wpp/Download/Standard/Population/

patients being prescribed or dispensed an AOM within 1 year
before a hip fracture event.

Hip fracture incidence rate in patients aged 50 years and
older

All the databases reported the incidence rates of hip fractures.
The highest age- and sex-standardized incidence rate per
100,000 population was observed in Denmark (315.9), followed
by Singapore (314.2) and Taiwan (253.4) (Table 2 and Fig. S1),
and the lowest incidence rate was observed in Brazil (95.1), fol-
lowed by Thailand (95.2) and the UK (134.0). The age-
standardized incidence rates were higher in females than in
males in all populations. The incidence of hip fractures increased
markedly with increasing age (Table S2 and Fig. S2).

A decreasing trend (95% Cl for the trend did not cross zero;
see Supplementary Methods) was observed in age- and sex-
standardized incidence rates over time in 11 databases, an
increasing trend in five, and no substantial change in four
(Fig. 1, Tables S3 and 3). The declines were most prominent in
Singapore (average annual percentage change [AAPC]: —2.8;
see Supplementary Methods), Denmark (AAPC: —2.8), and Hong
Kong (AAPC: —2.4), while the largest increase was noted in the
Netherlands (AAPC: 2.1). Trends in South Korea and France ini-
tially increased and subsequently declined in recent years.

Trends were similar in females and males, but in general, the
magnitude of the decline was smaller in males than that in
females (Fig. S3 and Table S4). Trends in the population aged
50-74 years increased in some databases, while the rates in the
oldest population (aged >75) generally showed a declining trend

(Table S5, Figs. S4-S6). The trends did not change meaningfully
in the sensitivity analyses when a shorter or a longer washout
period was used to define a new fracture event (data not shown).

Post-hip fracture treatment in fracture prevention

Information on the use of AOMs was available in 15 databases.
Over the study period, less than 40% (11.5% to 37.0%) of patients
at all sites except the UK (50.3%) received an AOM within 1 year
after hip fracture, and a lower proportion of males (5.1% to
38.2%) versus females (15.0% to 54.7%) received AOMs
(Table S6). Trends in post-hip fracture treatment varied across
study sites and by year, with an increasing trend noted in four
databases (AAPCs: Hong Kong, 12.7; Australia, Victoria, 6.8;
Denmark, 4.3; UK, 2.0), a declining trend in six (AAPCs ranging
from —2.3 in Germany to —9.6 in France), and no substantial
change in five (Fig. 2, Tables S7 and S8).

In certain countries, trends shifted over time: post-hip fracture
treatment in the UK increased initially (annual percentage
change [APC] 9.2) but then declined after 2011 (APC-3.3). In con-
trast, post-hip fracture treatment in New Zealand and the US
(as shown in both the Medicare and Optum databases) declined
initially and then plateaued afterward.

Trends were similar in females and males (Fig. S7). Data on
drug-specific trends were available in 14 databases (Fig. S8).

One-year all-cause mortality rate

One-year post-hip fracture all-cause mortality rates were avail-
able in 18 databases. However, mortality rates could not be
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Fig. 1. Age- and sex-standardized incidence rates of hip fractures from 2005 to 2018 among people aged 50 years and older. The 2020 United Nations
world population estimates was used for standardization. Japan and US (Medicare) data are not shown because the age groups of the study population in
the two databases were not comparable. The legend is ordered by the incidence (highest to lowest) in 2018 or the most recent year available in the data-

base. UK = United Kingdom; US = United States.

Journal of Bone and Mineral Research

GLOBAL EPIDEMIOLOGY OF HIP FRACTURES 5 Il

85UL017 SUOWILIOD SISO 3ol idde auy Aq peusenob ke e VO ‘8sn J0 S9|nJ 10J ARIG1ITaUIUQ AB]IM UO (SUOTHIPUOD-PUE-SWLBIALIY™AS | 1M AReq1 Ul |uO//SdNL) SUONIPUOD pue SWIS | 81 89S *[£202/90/7T] U0 Aleiqiauliuo AS|IM HBeyioljqiastBISIBAIUN Wepenoy AlsieAlun snuwses3 Aq Tz8y'IWq (/Z00T 0T/I0p/wod" A3 (1M Alelq joul U0 Jwgse//:sdny wouj pepeojumod ‘0 ‘T89rEeST



Table 3. Secular Trends for Age- and Sex-Standardized Incidence Rates of Hip Fractures Estimated Using Segmented Linear Regression

Site Year AAPC (95% Cl) APC (95% Cl)
Oceania
Australia, Victoria 2014-2017 0.17 (—1.08, 1.44)
New Zealand 2008-2018 —0.86 (—1.15, —0.57) 2008-2012 —2.25(-3.27, —1.22)
2013-2018 0.19 (—0.61, 0.98)
Asia
Hong Kong 2005-2018 —243 (—2.73, —2.14)
Japan 2013-2018 —2.30 (—6.24, 1.80)
Singapore 2005-2018 —2.84 (—3.30, —2.38)
South Korea 2008-2018 1.24 (1.01, 1.48) 2008-2011 7.16 (5.91, 8.41)
2012-2018 —1.59 (—2.08, —1.11)
Taiwan 2005-2018 —2.10(—2.33, —-1.87)
Thailand 2016-2018 1.17 (=9.20, 12.72)
Northern and Western Europe
Denmark 2005-2018 —2.77 (—3.02, —2.52)
Finland 2005-2018 —1.50 (—1.75, —1.24)
UK 2005-2018 —1.38 (—1.70, —1.06)
France 2007-2018 1.02 (0.41, 1.63) 2007-2009 9.14 (3.80, 14.75)
2010-2018 —1.65 (—2.55, —0.75)
Germany 2012-2018 0.77 (0.14, 1.40)
Italy 2011-2018 —1.48 (—2.27, —0.67)
The Netherlands 2009-2018 2.07 (0.18, 4.00)
Spain 2005-2018 —1.18 (—1.38, —0.97)
North and South America
Canada 2005-2016 —0.90 (—1.25, —0.55)
US (Medicare) 2008-2018 —1.18 (—1.45, —0.91) 2008-2012 —2.66 (—3.61, —1.70)
2013-2018 —0.03 (—0.77,0.71)
US (Optum) 2009-2018 —0.25 (—0.72,0.22)
Brazil 2008-2018 0.67 (0.12, 1.22)

Abbreviations: AAPC = average annual percentage change; APC = annual percentage change; Cl = confidence interval; UK = United Kingdom;

US = United States.
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UK = United Kingdom; US = United States.

compared among Japan, US Medicare, Italy, and South Korea.
The study population in Japan and US Medicare did not cover

all persons aged 50years and older,

while

Italy and

South Korea reported only in-hospital mortality. Excluding these
four databases, 1-year all-cause mortality rates over time across
the sites ranged from 12.1% to 25.4% in females and from
19.2% to 35.8% in males (Table S9). Mortality rates were

consistently higher in males than in females throughout the
study period (Fig. 3 and Table S10). Declining trends were noted
in seven databases, with AAPCs ranging from —1.4 (Taiwan) to
—4.3 (Singapore) (Table S11); no substantial changes were
observed in other databases. Among the sites, Denmark had
the highest age- and sex-standardized mortality rate over the
study period (females 13.3%, males 17.2%), whereas the
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Table 4. Projection of Hip Fractures in 2050 in People Aged 50 Years and Older

2018 (or most recent year®) 2050 Fold-change (2050/2018)
Site® All Female Male All Female Male All Female Male
Oceania
Australia 25,219 16,757 8462 108,260 35,585 72,675 4.29 2.12 8.59
New Zealand 4215 2870 1345 9305 5636 3669 2.21 1.96 2.73
Asia
Hong Kong 6600 4398 2202 9820 6947 2873 1.49 1.58 1.30
Singapore 3146 2092 1054 8196 4911 3285 2.61 2.35 3.12
South Korea 38,679 27,971 10,708 102,257 83,843 18414 2.64 3.00 1.72
Taiwan 20,629 13,176 7453 34,372 20,219 14,153 1.67 1.53 1.90
Thailand 21,478 15,055 6423 96,246 56,284 39,962 448 3.74 6.22
Northern and Western Europe
Denmark 7800 5176 2624 3960 1695 2265  0.51 0.33 0.86
Finland 7083 4768 2315 7929 5069 2860 1.12 1.06 1.24
UK 45,781 32,001 13,780 54,147 35,010 19,137 1.18 1.09 1.39
France 97,377 72,187 25,190 119,702 87,985 31,717 1.23 1.22 1.26
Germany 126,329 85,896 40,433 222,708 115,523 107,185 1.76 1.34 2.65
Italy 93,636 69,566 24,070 97,710 71,679 26,031 1.04 1.03 1.08
The Netherlands 17,177 11,739 5438 67,346 35,096 32,250 3.92 2.99 5.93
Spain 51,936 37,529 14,407 78,520 49,983 28,537 1.51 1.33 1.98
North and South America
Canada 28,030 19,350 8680 47,486 31,431 16,055 1.69 1.62 1.85
US (Optum) 337,348 232,635 104,713 605,966 370,679 235,287 1.80 1.59 2.25
Brazil 50,593 32,903 17,690 199,148 131,386 67,762 394 3.99 3.83
All sites 983,056 686,069 296,987 1,873,078 1,148,961 724,117 1.91 1.67 2.44

“The projection of hip fractures in Japan (people aged <75 years only) and the US Medicare database (people aged >65 years only) is shown in Table S8.
*The most recent year is 2017 in Australia and 2016 in Canada. UK = United Kingdom; US = United States.

Netherlands had the lowest (females 5.8%, males 8.2%)
(Tables S12 and S13).

Projection of hip fractures through 2050

All databases contributed to the projected number of hip frac-
tures in 2030, 2040, and 2050 (Tables 4 and S14). Excluding
Japan and the US Medicare populations (due to incommensura-
ble populations), the total number of hip fractures in all data-
bases projected in 2050 is nearly double the number in 2018
(1.9-fold increase). The increase in males (2.4-fold increase) was
relatively larger than that in females (1.7-fold increase)
(Table 4). Only in Denmark were fewer hip fractures projected
in 2050 than in 2018.

Discussion

Our study examined secular trends in hip fracture incidence,
post-hip fracture treatment, and all-cause mortality following
hip fracture from 2005 to 2018 in 19 countries and regions.
Age- and sex-standardized hip fracture incidence rates have
declined in recent years in most countries and regions. However,
as the global population ages, the burden of hip fractures will
increase, with the number of hip fractures projected to double
by 2050. A large post-hip fracture treatment gap in fracture pre-
vention was observed across all countries throughout the study
period. The 1-year all-cause mortality rates after hip fractures
either declined or stabilized; however, this remains a concern
in some countries. The burden of hip fractures, in terms of

post-hip fracture treatment and mortality, was more pro-
nounced in males than in females.

Hip fracture incidence

With updated data derived using a standardized methodology,
our findings support published global studies showing geo-
graphical variations in hip fracture incidence across coun-
tries.®®'® However, we observed that the standardized
incidence rates in European countries were generally lower than
those reported in the IOF scorecard for osteoporosis in Europe
(SCOPE) report.” This discrepancy could be because of those
studies in the IOF report being published over a decade ago,
while hip fracture incidence rates have declined in recent years.
In addition, we also compared the risk category of incidence of
hip fracture with the previous systematic review of hip fracture
incidence" and found that there were substantial changes
(Table S15). For example, the UK is now one of the countries/
regions having the lowest hip fracture incidence, while the UK
was in the top three countries/regions with the highest hip frac-
ture incidence in women in the previous systematic review.!'”
It is noteworthy that the Global Burden Disease (GBD) study'”
reported a global age- and sex-standardized incidence rate of
183 per 100,000 population in 2019 in all ages and a rate of
681 per 100,000 population in aged =55 in 2019. Compared with
our study, the number of hip fractures among people aged
>50 years estimated in the GBD study was higher (Table S16).
This discrepancy might be explained by the methodological dif-
ferences that the GBD study estimated the number of hip
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fracture based on statistical modeling on the data from hetero-
geneous sources, whereas our study reported the actual number
of hip fractures recorded in the healthcare databases.

Most countries showed declining trends in the hip fracture
incidence, regardless of sex, while the characteristics of mean
age of hip fracture have been relatively stable over time
(Table S17). Since the causes of hip fracture are multifactorial,
the secular trends observed in different countries were the
results of varying factors in each population. These factors
include improved post-hip fracture care, improved lifestyle (such
as reduced prevalence of smoking'? and alcohol consump-
tion"), increasing body mass index,"*'® and increasing use
of calcium and vitamin D."'® Detailed discussion is provided in
Supplementary Discussion.

As most hip fractures occur after a fall, implementing fall pre-
vention programs could be another key factor underlying the
declining trend. A group of European experts has been studying
drugs associated with risk of falls to heighten awareness of the
need for judicious prescribing of these drugs in older people.'”
Successful efforts taken to prevent falls could in turn reduce the
occurrence of hip fractures.

We observed that declining hip fracture trends slowed down
or stabilized in recent years in the US and New Zealand. These
findings are consistent with research conducted by Lewiecki
et al.,, who reported a plateau in the age-standardized incidence
of hip fractures in the US in 2013 to 2015."® We found that the
plateau in the US continued until 2018. One hypothesis for the
plateau is the decreased reimbursement of dual-energy X-ray
absorptiometry since 2007 in the US, which resulted in fewer
diagnoses of osteoporosis and associated prescriptions for
AOMs."® In New Zealand, the reason for a slowdown in the
declining hip fracture trends since 2013 is less clear, but
decreased use of AOMs, as shown in our study, may be a contrib-
uting factor.

Despite declining trends in hip fracture incidence, the pro-
jected number of hip fractures will markedly increase by 2050,
largely due to the aging of the population. As reported by the
WHO," the global population aged =85 will increase 4.5-fold
from 2010 to 2050. Thus, the current declines in hip fracture inci-
dence we identified in most countries may be insufficient to off-
set the impact of the aging population and the attendant high
risk of hip fractures in the older population. Larger or collabora-
tive efforts focused on hip fracture prevention, such as the Cap-
ture the Fracture® global program®® led by the IOF and
community screening of high-risk people using risk assessment
tools,®" are needed to address the growing burden of hip frac-
tures and osteoporosis across the globe.

Post-hip fracture treatment gap in fracture prevention

A gap in the post-hip fracture treatment needed to prevent
future fractures has been widely reported in many coun-
tries.?>?® Studies in the UK and the US have indicated that the
use of AOMs has declined since the 2010s.%*2>) Qur study further
shows that the treatment rate is still lagging. Notably, if we only
look at the patients who were not on treatment before hip frac-
ture, the treatment gap is even larger (Table S18).

The large treatment gap in some countries may stem from
concerns about adverse events associated with antiresorptive
therapies, including osteonecrosis of the jaw and atypical femur
fracture.” The US Food and Drug Administration issued a safety
communication for bisphosphonates following a report on atyp-
ical femoral fractures in 2010.® Although these adverse effects

are uncommon, concerns among patients and clinicians could
contribute to a reluctance to prioritize treatment to reduce the
fracture risk. These reactions may be exacerbated by media
reports on the safety of bisphosphonates,® although compari-
sons of treatment risks and benefits clearly favor treatment.*”

Apart from concerns about adverse drug effects, the apparent
decline in AOM use in some countries may stem from an
increased use of parenteral bisphosphonate therapies, such as
intravenous zoledronic acid and subcutaneous denosumab.
These drugs are administered in a hospital or clinic setting, which
would not be captured in the databases of some countries (such
as in New Zealand and the UK). At the same time, some patients,
particularly those with frailty and poor cognitive function, may
not be prescribed AOMs because of the difficulty in taking oral
bisphosphonates correctly (i.e., maintaining an upright position
for at least 30 minutes after ingestion to avoid gastroesophageal
irritation) or a perceived limited life expectancy. Notably, even
though patients are prescribed AOMs, they may refuse to
take them.

Several international societies have called for increased
urgency in addressing the treatment gap.?® Some countries
have attempted to reduce or close this gap by improving post-
hip fracture care and fracture liaison service (FLS). For example,
the UK is leading the way to establish a FLS database to monitor
the national audit of secondary fracture prevention. The role of
general practitioners, endocrinologists, or other specialists is
influential when patients decide whether or not to initiate treat-
ment. Thus, clinical education programs to enhance communica-
tion with patients about treatment options and their associated
risks and benefits may reduce the treatment gap.

All-cause mortality after hip fractures

A systematic review of the literature from 36 countries (most
published between 2015 and 2017) reported a median 1-year
mortality rate of 22.8% after a hip fracture.?® Our study had a
similar result of 22.4% median 1-year mortality rate across the
included countries. Several countries showed a downward trend
that could be attributed to several factors. First, advances in post-
hip fracture care could have a positive impact on mortality. FLS
programs have been shown to reduce post-hip fracture mortality
and subsequent fracture rates.®® The IOF has published guid-
ance to assess the performance of and improve the quality of
FLS at the local level.®" Second, some countries and regions,
such as Australia, Denmark, and Hong Kong, have implemented
quality indicators for post-hip fracture care such as early surgery
and preoperative optimization. Fulfillment of these quality indi-
cators has been associated with reduced post-hip fracture mor-
tality. Despite declines in all-cause mortality, the rates remain a
concern in some countries. For instance, New Zealand and the
UK have a significant post-hip fracture mortality burden, with
one in four females and one in three males dying within 1 year.
Thus, focused efforts to improve fracture prevention and post-
hip fracture care are warranted.

Preventing hip fractures in males: An unmet need

Our study found that approximately 30% of all hip fractures
occurred in males, which is consistent with figures reported in
the literature.®? However, prevention, diagnosis, and treatment
in males have been overlooked for years. In general, postmeno-
pausal women are treated for primary prevention of osteopo-
rotic fractures, while males are treated for secondary
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prevention when they had a fracture. In our study, we observed a
sex disparity in post-hip fracture treatment, with males having
29.8% to 66.5% lower use of AOMs than females. Compared with
females, males have a poorer prognosis after hip fracture, includ-
ing the higher mortality shown in this study, and greater loss of
independence.®® In addition, our study suggests that by 2050
males may have a larger increase in the projected number of
hip fractures than females. This is likely explained by the smaller
decline in the incidence rate in males than in females and a
larger treatment gap in males. Another contributing factor could
be the larger increase in life expectancy by 2050 in males than in
females as estimated by the United Nations.®? By 2050, esti-
mated life expectancy in males will likely surpass 75 years, an
age at which our study showed a high risk of hip fracture. Thus,
an increasing number of males is expected to experience hip
fracture, and more attention should be paid to post-hip fracture
care in males.

Our study has several limitations. First, changes in coding
and recording of fractures in the databases over time might
influence perceived trends within a study site. However, our
findings were consistent with the published literature (where
available), and most study sites showed constantly declining
trends, suggesting that any coding changes had a minimal
impact on the trend analysis. Second, for higher accuracy in
identifying hip fracture cases, the study did not include hip
fractures occurring outside the hospital, including those
occurring in nursing homes without hospital admission. Thus,
our incidence and mortality rates may be slightly underesti-
mated. Third, our findings are based on a descriptive analysis
of retrospective datasets, and the reasons for the observed
trends would require further in-depth research. Fourth, site-
specific limitations stemming from the characteristics of the
databases are discussed in the Supplementary Methods. Fifth,
several factors affect hip fracture incidence, such as the use of
fracture liaison services, lifestyle, diet, comorbidities, and soci-
etal changes in the population. However, it is difficult to eval-
uate all these factors on hip fracture incidence in a single
study, and different data sources may be needed that include
lifestyle information. Future studies are warranted to examine
how these factors may influence the trends of hip fracture inci-
dence. Sixth, since the COVID-19 pandemic started in 2019 and
several study sites did not have data from 2019 onward due to
lags in administrative data collection or data availability, the
current study only evaluated the hip fracture epidemiology
up to 2018. There is a possibility that undertreatment during
the pandemic could result in a surge of initial hip fractures.
Future study evaluating the impact of COVID-19 pandemic
on the hip fracture incidence is warranted. Finally, some coun-
tries and regions might have fewer hip fractures in the future
despite a significant increase in the population aged 50 years
or above, besides Denmark. However, we expect that a major-
ity of the countries and regions will still have increased num-
bers of hip fractures in the future if the incidence of hip
fracture is not further reduced.

The main strengths of our study are its direct access to
patient-level data and its use of a standardized methodology
for data analysis. Another strength is inclusion of a large number
of countries and regions across Asia, Oceania, Europe, and the
Americas. Most study sites provided more than 10 years of
nationwide data to inform secular trends. Importantly, we have
been able to establish a global routine clinical care data platform
to facilitate collaboration across multiple institutions for future
epidemiological studies.

Conclusion

This study provides an update on the global epidemiology of hip
fractures. Globally, hip fractures remain an important public
health condition with severe morbidity and mortality. The declin-
ing incidence of hip fractures in many countries in recent years is
insufficient to offset the impact of the growing aging population.
Consequently, the number of hip fractures is projected to nearly
double over the next 20 to 30 years. Interventions are needed to
prevent hip fractures, improve the treatment gap, and provide
post-hip fracture care to achieve better patient outcomes and
fewer future hip fractures, particularly in males.

Author Contributions

Chor-Wing Sing: Conceptualization; methodology; software; data
curation; investigation; validation; formal analysis; supervision; pro-
ject administration; writing - original draft; writing — review and
editing. Tzu-Chieh Lin: Conceptualization; methodology; resources;
visualization; writing — review and editing; investigation; project
administration. Sharon Bartholomew: Formal analysis; investiga-
tion; writing — review and editing; methodology. J Simon Bell:
Investigation; writing — review and editing; methodology. Corina
Bennett: Conceptualization; methodology; investigation; visualiza-
tion; writing — review and editing. Kebede Beyene: Formal analysis;
writing — review and editing; methodology. Pauline Bosco-Levy:
Investigation; formal analysis; writing — review and editing; method-
ology. Brian Bradbury D: Writing - review and editing; methodol-
ogy. Amy Hai Yan Chan: Investigation; writing - review and
editing; methodology. Manju Chandran: Investigation;
writing — review and editing; formal analysis; methodology. Cyrus
Cooper: Writing - review and editing. Maria de Ridder: Formal
analysis; writing — review and editing. Caroline Doyon Y: Investiga-
tion; writing — review and editing; formal analysis; methodology.
Cécile Droz-Perroteau: Writing - review and editing; investigation;
methodology. Ganga Ganesan: Investigation; formal analysis;
writing — review and editing; methodology. Sirpa Hartikainen:
Investigation; writing — review and editing; methodology. Jenni llo-
maki: Investigation; writing — review and editing; methodology.
Han Eol Jeong: Investigation; formal analysis; writing — review
and editing; methodology. Douglas Kiel P: Investigation;
writing - review and editing; methodology. Kiyoshi Kubota: Meth-
odology; investigation; formal analysis; writing — review and editing.
Edward Chia-Cheng Lai: Investigation; methodology;
writing — review and editing. Jeff Lange L: Investigation; methodol-
ogy; conceptualization; writing — review and editing; resources.
Michael Lewiecki E: Methodology; writing — review and editing;
investigation. Julian Lin: Formal analysis; writing — review and edit-
ing. Jiannong Liu: Investigation; methodology; formal analysis;
writing - review and editing. Joe Maskell: Software;
writing — review and editing; formal analysis. Mirhelen Mendes
de Abreu: Investigation; methodology; formal analysis;
writing — review and editing. James O’Kelly: Conceptualization;
methodology; investigation; writing — review and editing. Nobuhiro
Ooba: Methodology; writing - review and editing. Alma Pedersen
B: Methodology; investigation; writing — review and editing. Albert
Prats-Uribe: Formal analysis; writing — review and editing. Daniel
Prieto-Alhambra: Methodology; investigation; writing — review
and editing. Simon Xiwen Qin: Formal analysis; writing — review
and editing. Ju-Young Shin: Methodology; investigation;
writing — review and editing. Henrik Sgrensen T: Methodology;
investigation; writing — review and editing. Kelvin Bryan Tan:

M 10 SINGETAL

Journal of Bone and Mineral Research

85UL017 SUOWILIOD SISO 3ol idde auy Aq peusenob ke e VO ‘8sn J0 S9|nJ 10J ARIG1ITaUIUQ AB]IM UO (SUOTHIPUOD-PUE-SWLBIALIY™AS | 1M AReq1 Ul |uO//SdNL) SUONIPUOD pue SWIS | 81 89S *[£202/90/7T] U0 Aleiqiauliuo AS|IM HBeyioljqiastBISIBAIUN Wepenoy AlsieAlun snuwses3 Aq Tz8y'IWq (/Z00T 0T/I0p/wod" A3 (1M Alelq joul U0 Jwgse//:sdny wouj pepeojumod ‘0 ‘T89rEeST



Methodology; investigation; writing - review and editing. Tracy
Thomas: Methodology; investigation; writing — review and editing;
formal analysis. Anna-Maija Tolppanen: Methodology; investiga-
tion; writing — review and editing. Katia Verhamme MC: Methodol-
ogy; investigation; writing — review and editing. Grace Hsin-Min
Wang: Methodology; formal analysis; writing — review and editing.
Sawaeng Watcharathanakij: Methodology; investigation; formal
analysis; writing — review and editing. J Stephen Wood: Formal
analysis; writing — review and editing. Ching-Lung Cheung: Con-
ceptualization; methodology; supervision; investigation; resources;
writing — review and editing; writing — original draft. lan Wong
CK: Conceptualization; methodology; supervision; resources; inves-
tigation; funding acquisition; writing — review and editing.

Acknowledgments

We would like to acknowledge Tingting Gong and Yuanyuan Ji,
who analyzed the US Medicare data. We thank the team mem-
bers (Angela Grelaud-Boussinot, Jérémy Jové, Emmanuelle
Bignon, Régis Lassalle, Clémentine Lacueille, Adeline Grolleau)
in France who were involved in the project. We also thank José
Antonio Sena, Fernando Castro, and Matheus Albuquerque,
who extracted and cleaned the data in Brazil. The investigators
in Taiwan are grateful to the Health Data Science Center,
National Cheng Kung University Hospital, Taiwan, for providing
administrative and technical support. This study used research
data from South Korea (M20200722662) prepared by Health
Insurance Review & Assessment Service (HIRA). The views
expressed are those of the author(s) and not necessarily those
of the HIRA and the Ministry of Health and Welfare,
South Korea. The study was funded by Amgen Inc.

Disclosure

DPK, EML, and the institutions in which ICKW, SW, KMCV, A-MT,
HTS, J-YS, JnL, DP-A, MMdA, EC-CL, KK, CD-P, AHYC, KB, and JSB
were employed received financial support from Amgen Inc. for
the submitted work. DPK also receives support from Amgen,
Inc. in the form of an investigator-initiated grant. All other
authors declare no competing interests.

Peer Review

The peer review history for this article is available at https://www.
webofscience.com/api/gateway/wos/peer-review/10.1002/
jbmr.4821.

Data Availability Statement

Data sharing policy varies across the data custodians of the study
sites. Individual authors for each country may be contacted for
the availability of data access. The programming codes for the
analysis of data is available upon request.

Ethics statement

Each participating site adhered to the relevant local ethics and
regulatory framework for study approval. The status of ethics
approval at each site was provided in a previous publication.®

References

20.

21.

. Global Burden Disease Fracture Collaborators. Global, regional, and

national burden of bone fractures in 204 countries and territories,
1990-2019: a systematic analysis from the global burden of disease
study 2019. Lancet Healthy Longev. 2021;2(9):e580-e592.

. Dyer SM, Crotty M, Fairhall N, et al. A critical review of the long-term

disability outcomes following hip fracture. BMC Geriatr. 2016;16:158.

. Kanis JA, Cooper C, Rizzoli R, Reginster JY, Scientific Advisory Board of

the European Society for C, Economic Aspects of O, et al. European
guidance for the diagnosis and management of osteoporosis in post-
menopausal women. Osteoporos Int. 2019;30(1):3-44.

. American Society for Bone and Mineral Research. Patients 65 Years of

Age or Older with Hip or Spine Fracture Should be Treated for Oste-
oporosis [News Release]. 2018. https://medicalxpress.com/news/
2018-09-patients-years-age-older-hip.html, Accessed 11 Nov 2022.

. Kanis JA, Norton N, Harvey NC, et al. SCOPE 2021: a new scorecard for

osteoporosis in Europe. Arch Osteoporos. 2021;16(1):82.

. Cauley JA, Chalhoub D, Kassem AM, Fuleihan GH. Geographic and

ethnic disparities in osteoporotic fractures. Nat Rev Endocrinol.
2014;10(6):338-351.

. Cooper C, Cole ZA, Holroyd CR, et al. Secular trends in the incidence

of hip and other osteoporotic fractures. Osteoporos Int. 2011;22(5):
1277-1288.

. Ballane G, Cauley JA, Luckey MM, Fuleihan GH. Secular trends in hip

fractures worldwide: opposing trends east versus west. J Bone Miner
Res. 2014;29(8):1745-1755.

. Sing CW, Lin TC, Bartholomew S, et al. Global epidemiology of hip

fractures: a study protocol using a common analytical platform
among multiple countries. BMJ Open. 2021;11(7):e047258.

. Strom O, Borgstrom F, Kanis JA, et al. Osteoporosis: burden, health

care provision and opportunities in the EU: a report prepared in col-
laboration with the international osteoporosis foundation (IOF) and
the European Federation of Pharmaceutical Industry Associations
(EFPIA). Arch Osteoporos. 2011;6:59-155.

. Kanis JA, Oden A, McCloskey EV, et al. A systematic review of hip frac-

ture incidence and probability of fracture worldwide. Osteoporos Int.
2012;23(9):2239-2256.

. Collaborators GBDT. Smoking prevalence and attributable disease

burden in 195 countries and territories, 1990-2015: a systematic
analysis from the global burden of disease study 2015. Lancet.
2017;389(10082):1885-1906.

. Global status report on alcohol and health 2018. Licence: CC BY-NC-

SA 3.0 IGO. Geneva: World Health Organization; 2018.

. Collaboration NCDRF. A century of trends in adult human height.

elLife. 2016;5:213410.

. Collaborators GBDO, Afshin A, Forouzanfar MH, et al. Health effects of

overweight and obesity in 195 countries over 25 years. N Engl J Med.
2017;377(1):13-27.

. Zhou W, Langsetmo L, Berger C, et al. Longitudinal changes in cal-

cium and vitamin D intakes and relationship to bone mineral density
in a prospective population-based study: the Canadian multicentre
osteoporosis study (CaMos). J Musculoskelet Neuronal Interact.
2013;13(4):470-479.

. Seppala LJ, van der Velde N, Masud T, et al. EUGMS task and finish

group on fall-risk-increasing drugs (FRIDs): position on knowledge
dissemination, management, and future research. Drugs Aging.
2019;36(4):299-307.

. Lewiecki EM, Wright NC, Curtis JR, et al. Hip fracture trends in the

United States, 2002 to 2015. Osteoporos Int. 2018;29(3):717-722.

. World Health Organization. Global Health and Aging. 2011. Geneva:

World Heath Organization.

Akesson K, Marsh D, Mitchell PJ, et al. Capture the fracture: a best
practice framework and global campaign to break the fragility frac-
ture cycle. Osteoporos Int. 2013;24(8):2135-2152.

Shepstone L, Lenaghan E, Cooper C, et al. Screening in the commu-
nity to reduce fractures in older women (SCOOP): a randomised con-
trolled trial. Lancet. 2018;391(10122):741-747.

Journal of Bone and Mineral Research

GLOBAL EPIDEMIOLOGY OF HIP FRACTURES 11 Il

85UL017 SUOWILIOD SISO 3ol idde auy Aq peusenob ke e VO ‘8sn J0 S9|nJ 10J ARIG1ITaUIUQ AB]IM UO (SUOTHIPUOD-PUE-SWLBIALIY™AS | 1M AReq1 Ul |uO//SdNL) SUONIPUOD pue SWIS | 81 89S *[£202/90/7T] U0 Aleiqiauliuo AS|IM HBeyioljqiastBISIBAIUN Wepenoy AlsieAlun snuwses3 Aq Tz8y'IWq (/Z00T 0T/I0p/wod" A3 (1M Alelq joul U0 Jwgse//:sdny wouj pepeojumod ‘0 ‘T89rEeST


https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/jbmr.4821
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/jbmr.4821
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/jbmr.4821
https://medicalxpress.com/news/2018-09-patients-years-age-older-hip.html
https://medicalxpress.com/news/2018-09-patients-years-age-older-hip.html

22.

23.

24,

25.

26.

27.

Skjodt MK, Khalid S, Ernst M, et al. Secular trends in the initiation of
therapy in secondary fracture prevention in Europe: a multi-national
cohort study including data from Denmark, Catalonia, and the
United Kingdom. Osteoporos Int. 2020;31(8):1535-1544.

Skjodt MK, Ernst MT, Khalid S, et al. The treatment gap after
major osteoporotic fractures in Denmark 2005-2014: a com-
bined analysis including both prescription-based and
hospital-administered anti-osteoporosis medications. Osteo-
poros Int. 2021;32(10):1961-1971.

van der Velde RY, Wyers CE, Teesselink E, et al. Trends in oral anti-
osteoporosis drug prescription in the United Kingdom between
1990 and 2012: variation by age, sex, geographic location and ethnic-
ity. Bone. 2017;94:50-55.

Jha 'S, Wang Z, Laucis N, Bhattacharyya T. Trends in media reports,
oral bisphosphonate prescriptions, and hip fractures 1996-2012:
an ecological analysis. J Bone Miner Res. 2015;30(12):2179-2187.

Shane E, Burr D, Ebeling PR, et al. Atypical subtrochanteric and diaph-
yseal femoral fractures: report of a task force of the American Society
for Bone and Mineral Research. J Bone Miner Res. 2010;25(11):2267-
2294.

Black DM, Geiger EJ, Eastell R, et al. Atypical femur fracture risk versus
fragility fracture prevention with bisphosphonates. N Engl J Med.
2020;383(8):743-753.

29.

30.

31.

32.

33.

34.

. Conley RB, Adib G, Adler RA, et al. Secondary fracture prevention:

consensus clinical recommendations from a multistakeholder coali-
tion. 2020;35(1):36-52.

Downey C, Kelly M, Quinlan JF. Changing trends in the mortality rate
at 1-year post hip fracture—a systematic review. World J Orthop.
2019;10(3):166-175.

Li N, Hiligsmann M, Boonen A, et al. The impact of fracture liaison ser-
vices on subsequent fractures and mortality: a systematic literature
review and meta-analysis. Osteoporos Int. 2021;32(8):1517-1530.

Javaid MK, Sami A, Lems W, et al. A patient-level key performance
indicator set to measure the effectiveness of fracture liaison services
and guide quality improvement: a position paper of the IOF capture
the fracture working group, National Osteoporosis Foundation and
fragility fracture network. Osteoporos Int. 2020;31(7):1193-1204.

Khosla S, Amin S, Orwoll E. Osteoporosis in men. Endocr Rev. 2008;
29(4):441-464.

Fransen M, Woodward M, Norton R, Robinson E, Butler M,
Campbell AJ. Excess mortality or institutionalization after hip frac-
ture: men are at greater risk than women. J Am Geriatr Soc. 2002;
50(4):685-690.

United Nation Department of Economic and Social Affairs. World
Population Prospect; 2019 p 2019. New York: United Nation.

M2

SING ET AL.

Journal of Bone and Mineral Research

85UL017 SUOWILIOD SISO 3ol idde auy Aq peusenob ke e VO ‘8sn J0 S9|nJ 10J ARIG1ITaUIUQ AB]IM UO (SUOTHIPUOD-PUE-SWLBIALIY™AS | 1M AReq1 Ul |uO//SdNL) SUONIPUOD pue SWIS | 81 89S *[£202/90/7T] U0 Aleiqiauliuo AS|IM HBeyioljqiastBISIBAIUN Wepenoy AlsieAlun snuwses3 Aq Tz8y'IWq (/Z00T 0T/I0p/wod" A3 (1M Alelq joul U0 Jwgse//:sdny wouj pepeojumod ‘0 ‘T89rEeST



	Global Epidemiology of Hip Fractures: Secular Trends in Incidence Rate, Post-Fracture Treatment, and All-Cause Mortality
	Introduction
	Methods
	Study design
	Data sources
	Study populations
	Outcome assessment
	Statistical analysis

	Results
	Hip fracture incidence rate in patients aged 50years and older
	Post-hip fracture treatment in fracture prevention
	One-year all-cause mortality rate
	Projection of hip fractures through 2050

	Discussion
	Hip fracture incidence
	Post-hip fracture treatment gap in fracture prevention
	All-cause mortality after hip fractures
	Preventing hip fractures in males: An unmet need

	Conclusion
	Author Contributions
	Acknowledgments
	Disclosure
	Peer Review
	Data Availability Statement

	Ethics statement
	References


