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Abstract
Background Hip fractures are associated with a high risk
of death; among those who survive a hip fracture, many
experience substantial decreases in quality of life. A
comprehensive understanding of the epidemiology and
burden of hip fractures by country, age, gender, and soci-
odemographic factors would provide valuable information
for healthcare policymaking and clinical practice. The
Global Burden of Disease (GBD) study 2019 was a global-

level study estimating the burden of 369 diseases and in-
juries in 204 countries and territories. An exploration and
additional analysis of the GBD 2019 would provide a
clearer picture of the incidence and burden of hip fractures.
Questions/purposes Using data from the GBD 2019, we
asked, (1) What are the global, regional, and national in-
cidences of hip fractures, and how did they change over a
recent 30-year span? (2) What is the global, regional, and
national burden of hip fractures in terms of years lived with
disability, and how did it change over that same period? (3)
What is the leading cause of hip fractures? (4) How did the
incidence and years lived with disability of patients with
hip fractures change with age, gender, and sociodemo-
graphic factors?
Methods This was a cross-sectional study. Participant data
were obtained from the GBD 2019 (http://ghdx.healthdata.
org/gbd-results-tool). The GBD study is managed by the
WHO, coordinated by the Institute of Health Metrics and
Evaluation, and funded by the Bill and Melinda Gates
Foundation. It estimates the burden of disease and injury for
204 countries by age, gender, and sociodemographic factors,
and can serve as a valuable reference for health policymaking.
All estimates and their 95% uncertainty interval (UI) were
produced usingDisMod-MR2.1, a Bayesianmeta-regression
tool in the GBD 2019. In this study, we directly pulled the
age-standardized incidence rate and years lived with dis-
ability rate of hip fractures by location, age, gender, and cause
from the GBD 2019. Based on these data, we analyzed the
association between the incidence rate and latitude of each
country. Then, we calculated the estimated annual percentage
change to represent trends from 1990 to 2019. We also used
the Spearman rank-order correlation analysis to determine the
correlation between the incidence or burden of hip fractures
and the sociodemographic index, a composite index of the
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income per capita, average years of educational attainment,
and fertility rates in a country.
Results Globally, hip fracture incidences were estimated
to be 14.2 million (95%UI 11.1 to 18.1), and the associated
years lived with disability were 2.9 million (95% UI 2.0 to
4.0) in 2019, with an incidence of 182 (95% UI 142 to 231)
and 37 (95% UI 25 to 50) per 100,000, respectively. A
strong, positive correlation was observed between the in-
cidence rate and the latitude of each country (rho = 0.65;
p < 0.001). From 1990 to 2019, the global incidence rate for
both genders remained unchanged (estimated annual per-
centage change 0.01 [95% confidence interval -0.08 to
0.11]), but was slightly increased in men (estimated annual
percentage change 0.11 [95% CI 0.01 to 0.2]). The years
lived with disability rate decreased slightly (estimated an-
nual percentage change 0.66 [95%CI -0.73 to -0.6]). These
rates were standardized by age. Falls were the leading
cause of hip fractures, accounting for 66% of all patients
and 55% of the total years lived with disability. The in-
cidence of hip fractures was tightly and positively corre-
lated with the sociodemographic index (rho 0.624; p <
0.001), while the years lived with disability rate was
slightly negatively correlated (rho -0.247; p < 0.001). Most
hip fractures occurred in people older than 70 years, and
women had higher incidence rate (189.7 [95% UI 144.2 to
247.2] versus 166.2 [95% UI 133.2 to 205.8] per 100,000)
and years lived with disability (38.4 [95% UI 26.9 to 51.6]
versus 33.7 [95% UI 23.1 to 45.5] per 100,000) than men.
Conclusion Hip fractures are common, devastating to
patients, and economically burdensome to healthcare sys-
tems globally, with falls being the leading cause. The age-
standardized incidence rate has slightly increased in men.
Many low-latitude countries have lower incidences, pos-
sibly because of prolonged sunlight exposure. Policies
should be directed to promoting public health education
about maintaining bone-protective lifestyles, enhancing
the knowledge of osteoporosis management in young res-
ident physicians and those in practice, increasing the
awareness of osteoporosis screening and treatment in men,
and developing more effective antiosteoporosis drugs for
clinical use.
Level of Evidence Level III, prognostic study.

Introduction

Hip fractures threaten people’s lives and wellbeing, and
these injuries impose a major cost on healthcare systems
worldwide [22]. The 1-year mortality rate from hip fracture
exceeds 30% in some countries and has been estimated to
increase by 2% per year [19].More than 10% of patients are
unable to recover to their prefracture functional status, and
most will have residual disability or pain. Hip fractures
occur in patients with a mean age of more than 80 years,

and more than 80% of those patients are women [23].
Despite improvements in surgical treatments, functional
outcomes generally have decreased, perhaps because of an
aging population [38]. Additionally, 1-year mortality often
exceeds 20%, even in high-income countries [30]. This is
because the costs of treatment are high, reaching USD
14,000 per patient in the United States, according to one
estimate [30]. Therefore, measures are needed to prevent
hip fractures. A comprehensive understanding of the up-to-
date incidence and burden of hip fractures by country, age,
gender, and sociodemographic levels will help to increase
public awareness and provide a reference for medical re-
source allocation and policymaking.

In 1990, the number of hip fractures worldwide was es-
timated to be 1.3 million [18]. In 2019, the incidence was
estimated to be 14.2million in a recent study using data from
the Global Burden of Disease (GBD) Study 2019, and the
age-standardized rate has increased by 0.4% each year to
182.5 per 100,000 individuals as of that time [16]. However,
there is no detailed depiction of the regional and national
incidence to help policymaking and healthcare practice. In
addition, the burden of hip fractures has mainly been eval-
uated by mortality rate in outcome studies [20, 28], but this
approach has shortcomings. Because patients with hip
fractures may experience long-term loss of health and in-
dependence, and some are unable to return to work, simply
using the mortality rate does not adequately reflect patients’
actual health and economic burden. A better method is to
quantify the years lived with disability to evaluate this bur-
den [1]. Using this method, the GBD 2019 estimated the
global burden of hip fractures to be 2.94 million years lived
with disability, with an age-standardized rate of 36.8 per
100,000 [16]. However, the years lived with disability and
the trends in the past 30 years by country, age, and gender,
which are more valuable to guide related efforts, were not
detailed in that study. In addition, because the cost to treat
hip fractures is much higher than that of other fragility
fractures [32], it is more cost-effective to prevent hip frac-
tures than to treat them. Knowing the major causes of hip
fractures will contribute to more targeted measures. Finally,
the outcome of a fracture is also affected by age, gender, and
sociodemographic development levels. Exploring age and
gender differences among patients with hip fractures will
help to identify individuals who would benefit from addi-
tional attention and care. A previous study suggested that the
incidence of hip fractures increases with sociodemographic
development and reaches a plateau or decreases at a high
level of development [2]. Nevertheless, there is still a lack of
comprehensive data to analyze the impact of sociodemo-
graphic level on the incidence and burden of hip fractures.
Revealing this impact will help to guide further policies
about sociodemographic factors that are relevant to each
country.
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We therefore used data from the GBD 2019 and asked,
(1) What are the global, regional, and national incidences
of hip fractures, and how did they change over a recent 30-
year span? (2) What is the global, regional, and national
burden of hip fractures in terms of years lived with dis-
ability, and how did it change over that same period? (3)
What is the leading cause of hip fractures? (4) How did the
incidence and years lived with disability of patients with
hip fractures change with age, gender, and sociodemo-
graphic factors?

Patients and Methods

Data Source

The data used in this cross-sectional secondary analysis
were obtained from the GBD 2019 (http://ghdx.healthdata.
org/gbd-results-tool). The GBD 2019 is the latest version
of the GBD study rounds, which have been conducted since
1990. Funded by the Bill andMelindaGates Foundation, the
GBD studies were run by the WHO and coordinated by the
Institute of Health Metrics and Evaluation. In the study,
more than 7000 researchers in epidemiology, statistics, and
other disciplines from more than 156 countries and
territories participated in data collection and analysis. It is
one of the most in-depth databases available; it provides
timely updates on the global burden of disease. In the GBD
2019 study, the incidence and burden of hip fractures were
estimated for 204 countries and territories by age, gender,
and sociodemographic index.

Data Processing by the GBD and Additional Analysis in
This Study

The GBD 2019 research team collected raw data from civil
registration, vital statistics, hospital records, and household
surveys in each country [15], providing reliable estimates
about the burden of hip fractures. The raw data were then
adjusted and smoothened before the final estimation, as
described in detail elsewhere [14, 17]; likewise, our
methods for estimating injury have been reported else-
where [11]. Briefly, after data collection, the GBD re-
searchers adjusted inconsistent disease coding with time
and different coding methods among countries. Then, the
data were split by age, gender, and year. DisMod-MR 2.1, a
Bayesian meta-regression tool, was used to produce esti-
mates of the incidence and years lived with disability of hip
fractures for each country. The country data were then
grouped into 21 GBD regions (Table 1) and were further
aggregated to produce global estimates.

Dissimilar to a previous study reporting the aggregated
data of all fractures using the same database [16], we

focused on hip fractures and pulled data on related global,
regional, and national incidence and years lived with dis-
ability from the database. Cause-, age-, and gender-related
data were also pulled from the database. We then analyzed
the association between the age-standardized incidence
rate and latitude of the capital of each country to examine
the effects of sunlight exposure on hip fractures. We cal-
culated and visualized, in heatmaps, the estimated annual
percentage change in the incidence and disability for each
country. We also analyzed the correlations between the
incidence and years lived with disability and sociodemo-
graphic index to explore the impact of sociodemographic
factors on the burden of hip fractures, and we calculated the
proportion of each cause of hip fractures to determine the
leading cause.

Definitions

The GBD 2019 study defined two kinds of injuries to ex-
plore causal relationships: the cause and nature of injury.
The nature of injury is the consequence to the body, while
the cause of injury is the external causes that occur to the
body. For example, hip fractures are considered nature of
injuries, and can be the result of many causes of injuries,
such as falls, road injuries, mechanical forces, and others.
One cause might lead to multiple injuries at different ana-
tomic sites. To establish the one-to-one relationship be-
tween the two injuries, the GBD study developed a severity
hierarchy for the nature of injury (Supplemental Table 1;
http://links.lww.com/CORR/A968). Based on this
hierarchy, the nature of injury is the one that is
responsible for the largest burden and ranks at the top in
the hierarchy of injuries. In this study, we directly pulled
the cause-specific data of hip fractures from the GBD 2019,
and we defined the leading cause of hip fractures as the one
that accounted for the largest proportion of incidences and
years lived with disability. Years lived with disability are
the sum of years patients lived with health loss because of
hip fractures. The sociodemographic index developed by
the GBD study is a composite indicator reflecting the in-
fluence of background social and economic conditions on
health outcomes in each location. The sociodemographic
index relies on the method used by the United Nations to
calculate the Human Development Index [15]. It is calcu-
lated from three covariates: the total fertility rate in people
younger than 25 years, mean education years for those 15
years or older, and lag-distributed income per capita [10]
(Supplemental Digital Content 1; http://links.lww.
com/CORR/A969). The sociodemographic index ranges
from 0 to 100, with 0 indicating that a location has the
theoretical minimum level of sociodemographic
development and the outcome for any health problem is
expected to be the poorest. On the contrary, a
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Table 1. The incidence, prevalence, and YLD of hip fractures in 2019 and the estimated annual percentage change from 1990 to
2019 in 21 regionsa

Region

Incidence
number in 1990

(3 1000)

Incidence
number in 2019

(3 1000)

ASIR per
100,000 in

2019

EAPC of ASIR
from 1990 to

2019

YLD
number in

1990
(3 1000)

YLD
number in

2019
(3 1000)

ASYR per
100,000 in

2019

EAPC of ASYR
from 1990 to

2019

Global 7393 (5916 to 9261) 14,244 (11,095 to
18,064)

182 (142 to
231)

0.01 (-0.08 to
0.11)

1817 (1244 to
2484)

2936 (2030 to
3955)

37 (25 to 50) -0.66 (-0.67 to
-0.52)

Global
women

3923 (3068 to 4952) 8136 (6184 to
10619)

190 (144 to
247)

0.04 (-0.06 to
0.15)

957 (666 to
1301)

1291 (885 to
1745)

38 (27 to 52) -0.60 (-0.73 to
-0.6)

Global men 3470 (2803 to 4300) 6108 (4916 to 7531) 166 (133 to
206)

0.11 (0.01 to
0.2)

860 (585 to
1197)

1645 (1150 to
2195)

34 (23 to 45) -0.68 (-0.75 to
-0.62)

East Asia 644 (469 to 865) 2087 (1491 to 2831) 116 (83 to 158) 0.98 (0.54 to
1.43)

154 (107 to
208)

244 (161 to
349)

13 (8 to 19) -1.75 (-2.26 to
-1.23)

Southeast Asia 341 (271 to 433) 639 (511 to 792) 109 (86 to 136) 0.04 (-0.22 to
0.31)

120 (80 to
179)

170 (119 to
230)

28 (20 to 37) -1.21 (-1.27 to
-1.14)

Oceania 3 (3 to 4) 9 (7 to 11) 115 (91 to 144) 0.54 (0.08 to 1) 1 (1 to 2) 3 (2 to 4) 39 (27 to 52) 0.45 (0.34 to
0.57)

Central Asia 79 (64 to 97) 114 (92 to 140) 132 (107 to
163)

-0.39 (-0.85 to
0.08)

22 (16 to 30) 26 (18 to 35) 30 (21 to 41) -1.16 (-1.23 to
-1.08)

Central Europe 489 (391 to 613) 556 (439 to 701) 318 (253 to
400)

-0.84 (-0.96 to
-0.71)

103 (73 to
137)

77 (53 to 108) 41 (28 to 58) -2.31 (-2.49 to
-2.13)

Eastern Europe 730 (579 to 910) 710 (561 to 891) 259 (205 to
321)

-0.31 (-0.53 to
-0.1)

176 (125 to
234)

112 (77 to
155)

37 (26 to 51) -2.2 (-2.5 to
-1.89)

High-income
Asia Pacific

337 (266 to 427) 674 (515 to 873) 176 (137 to
222)

-0.21 (-0.26 to
-0.16)

48 (33 to 66) 89 (60 to 127) 22 (15 to 31) -0.45 (-0.56 to
-0.33)

Australia 76 (60 to 95) 205 (162 to 254) 433 (346 to
537)

0.88 (0.82 to
0.94)

9 (6 to 12) 25 (17 to 35) 51 (35 to 72) 1.08 (1.03 to
1.14)

Western Europe 1450 (1128 to 1857) 2441 (1877 to 3148) 268 (209 to
342)

-0.24 (-0.31 to
-0.17)

186 (126 to
261)

324 (222 to
458)

35 (23 to 49) -0.03 (-0.08 to
0.03)

Southern Latin
America

81 (65 to 101) 138 (111 to 172) 179 (144 to
224)

-0.05 (-0.1 to 0) 20 (14 to 26) 22 (16 to 31) 28 (20 to 39) -1.54 (-1.61 to
-1.47)

High-income
North America

602 (446 to 791) 1373 (991 to 1849) 225 (165 to
300)

0.87 (0.82 to
0.93)

62 (41 to 91) 139 (91 to
203)

23 (15 to 33) 0.82 (0.78 to
0.87)

Caribbean 38 (31 to 46) 94 (76 to 116) 184 (149 to
227)

1.28 (0.46 to
2.11)

9 (7 to 12) 22 (14 to 33) 43 (28 to 66) 1.25 (0.77 to
1.73)

Andean Latin
America

38 (28 to 56) 63 (51 to 76) 106 (87 to 129) -0.18 (-0.4 to
0.05)

12 (8 to 18) 15 (11 to 20) 26 (18 to 35) -1.87 (-1.92 to
-1.82)

Central Latin
America

154 (123 to 196) 266 (214 to 337) 111 (89 to 141) -0.61 (-0.75 to
-0.47)

49 (32 to 77) 53 (36 to 72) 22 (15 to 30) -2.09 (-2.25 to
-1.94)

Tropical Latin
America

117 (88 to 154) 252 (183 to 336) 107 (78 to 144) -0.06 (-0.14 to
0.02)

26 (18 to 35) 39 (27 to 53) 16 (11 to 22) -1.34 (-1.56 to
-1.13)

North Africa
and Middle East

328 (257 to 443) 752 (577 to 1044) 148 (113 to
200)

1.8 (1.33 to
2.27)

152 (74 to
352)

203 (114 to
370)

38 (22 to 66) -1.49 (-1.63 to
-1.35)

South Asia 1316 (1058 to 1637) 3389 (2648 to 4254) 242 (188 to
307)

0.62 (0.52 to
0.72)

521 (362 to
693)

1122 (784 to
1486)

80 (56 to 106) -0.09 (-0.2 to
0.01)

Central
Sub-Saharan
Africa

39 (27 to 62) 69 (55 to 91) 92 (74 to 113) -1.53 (-2.89 to
-0.15)

19 (11 to 36) 43 (24 to 83) 53 (32 to 92) -0.07 (-0.52 to
0.38)

Eastern
Sub-Saharan
Africa

426 (191 to 996) 198 (159 to 246) 88 (71 to 107) -2.14 (-3.11 to
-1.16)

88 (47 to 169) 122 (69 to
232)

50 (31 to 86) -0.93 (-1.2 to
-0.67)

Southern Sub-
Saharan Africa

21 (16 to 26) 32 (25 to 40) 49 (39 to 62) -0.42 (-0.54 to
-0.3)

9 (6 to 12) 11 (8 to 14) 17 (12 to 23) -1.16 (-1.37 to
-0.94)

Western
Sub-Saharan
Africa

85 (63 to 126) 183 (140 to 242) 74 (58 to 94) 0.13 (-0.17 to
0.43)

32 (22 to 43) 74 (50 to 103) 30 (21 to 40) 0.1 (-0.03 to
0.22)

aThe number of hip fractures and the YLDs in 1990 and 2019 for all regions were directly downloaded from the official website
(https://vizhub.healthdata.org/gbd-results/) of the GBD study 2019. The ASIR and ASYR of hip fractures in 2019 for all regions were
directly downloaded from the official website (https://vizhub.healthdata.org/gbd-results/) of the GBD study 2019. The EAPC of ASIR
and ASYR were additional calculations in this study.
YLD = years lived with disability; ASIR = age-standardized incidence rate; EAPC = estimated annual percentage change; ASYR = age-
standardized YLD rate.
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sociodemographic index of 100 indicates that the
theoretical level of sociodemographic development is the
maximum and the outcome for any health problem is
expected to be the best [15].

Primary and Secondary Study Outcomes

Our primary study goal was to delineate the incidence and
disease burden of hip fractures at the global, regional, and
national level in 2019, as well as the trends from 1990 to
2019. To achieve this, we obtained the numbers and age-
standardized rates of incidence and years lived with
disability of hip fractures from the GBD 2019. Then, we
analyzed their trends from 1990 to 2019 by calculating the
estimated annual percentage change.

The secondary outcomes of interest included the leading
cause of hip fractures and how the incidence and burden of
hip fractures changes with gender, age, and sociodemo-
graphic factors. We analyzed cause-specific data and calcu-
lated the percentages of each cause for the incidence and years
lived with disability of patients with hip fractures. Then, we
determined the global incidence and years lived with dis-
ability in 2019 and trends from 1990 to 2019 by age and
gender. Finally, we used Spearman rank-order correlation
analysis to determine associations between the incidence or
burden of hip fractures and the sociodemographic index.

Statistical Analysis

In the GBD 2019, the estimates of the disease and injury
incidence and burdenwere produced byDisMod-MR 2.1, a
Bayesian meta-regression tool developed by the GBD
research team. Each estimate was produced with a 95%
uncertainty interval (UI). The 95% UI is different from the
commonly used 95% confidence interval (CI) in frequentist
estimation. It is analogous to the credible interval produced
in Bayesian estimates and refers to an actual probability
distribution around a true parameter value, which means
that 95% of the probable values of the parameter would fall
into the 95% UI [12]. By contrast, the 95% CI is used in
testing the significance of the null hypothesis in frequentist
analyses. It contains no distribution information and only
indicates a range containing all the probable values that
would not be rejected with a p value < 0.05. More details
and differences between the 95% UI and 95% CI can be
learned from a well-recognized article [24].

The absolute numbers of hip fracture incidences and
years lived with disability, along with the age-standardized
rates for each country and region, were directly pulled from
the GBD 2019 study via its official website (https://vizhub.
healthdata.org/gbd-results/). Age-, cause-, and gender-
specific data and sociodemographic index were also

obtained from the database. Based on these data, we first
analyzed the association between the age-standardized rate
and the latitude of each country to see whether the
incidence is correlated to sunlight exposure in different
locations. Then, we calculated the estimated annual per-
centage change and its 95% CI, which has been widely
used in studies reporting the burden of other diseases or
injuries using the GBD database [10, 26, 33]. The esti-
mated annual percentage change was calculated based on a
linear regression model as y = a + bx + «, in which
y indicates log10 (age-standardized rates), x represents the
calendar year, and b is the coefficient of the regression
model. If the estimated annual percentage change and the
upper limit of the 95% CI were below zero, the trend was
considered to be downward, and vice versa.

To determine the impact of sociodemographic factors on
the incidence and burden of hip fractures, we used Spearman
rank order (rho) correlation analysis to determine the corre-
lation between the incidence of hip fractures and the socio-
demographic index. In this analysis, we considered the
correlation to be week if the absolute value of rho fell within
0.1 to 0.3, mediumwithin 0.3 to 0.5, and strong if the rhowas
greater than 0.5 [6]. Statistical significance was determined
as a p value less than 0.05. All additional data analyses were
performed using R software (version 3.6.3).

Results

Incidence of Hip Fractures

There were estimated to be 14.2 million (95% UI 11.1 to
18.1 million) hip fractures worldwide in 2019 (Table 1),
which increased by 92.7% compared with the estimate in
1990. The age-standardized incidence rate in 2019 was 182
per 100,000. From 1990 to 2019, the age-standardized
incidence rate of both genders remained unchanged (esti-
mated annual percentage change 0.01 [95% CI -0.08 to
0.11]), but slightly increased in men (estimated annual
percentage change 0.11 [95% CI 0.01 to 0.2]). Regionally,
Australia had the highest incidence rate (433 per 100,000
[95% UI 346 to 537 per 100,000]) in 2019, followed by
Central, Western, and Eastern Europe. From 1990 to 2019,
the incidence rate increased substantially in North Africa
and the Middle East (estimated annual percentage change
1.8 [95% CI 1.33 to 2.27]), followed by the Caribbean and
East Asia, while the highest decrease was seen in Eastern
Sub-Saharan Africa (estimated annual percentage change
-2.14 [95% CI -3.11 to -1.16]).

Nationally, countries in higher latitudes tended to have a
higher incidence than those in tropical areas (Fig. 1A),
while the trends from 1990 to 2019 were less affected by
location (Fig. 1B). Spearman correlation analysis
revealed a strong correlation between latitude and the age-
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standardized incidence rate of hip fractures (rho = 0.65;
p < 0.001) (Fig. 2). Croatia (499 [95% UI 389 to 624] per
100,000) led the world in the incidence rate of hip fractures,
followed by Slovenia, New Zealand, and Australia
(Supplemental Table 2; http://links.lww.com/CORR/A970).
The highest increase in age-standardized incidence rates was
seen in Syria (estimated annual percentage change 9.2 [95%
CI 5.9 to 2.6]). Increased rates were also observed in many
countries with high sociodemographic indexes, such as the
Netherlands (estimated annual percentage change 1.44 [95%
CI 0.76 to 2.11]), Australia (estimated annual percentage
change 0.97 [95% CI 0.91 to 1.03]), Canada (estimated an-
nual percentage change 0.82 [95% CI 0.74 to 0.89]), and the
United States (estimated annual percentage change 0.83 [95%
CI 0.75 to 0.9]).

Burden of Disease Attributable to Hip Fractures

Years lived with disability from hip fractures worldwide in
2019 were estimated to be 2.9 million (95% UI 2.0 to 4.0
million), increasing by 61.6% compared with that in 1990
(Table 1). The global age-standardized rate of years lived
with disability decreased slightly during this period (esti-
mated annual percentage change -0.66 [95% CI -0.73 to
-0.6]). The highest decrease was seen in Central Europe
(estimated annual percentage change -2.31 [95% CI -2.49
to -2.13]). Despite decreases inmost regions, the Caribbean

(estimated annual percentage change 1.25 [95% CI 0.77 to
1.73]), Australia (estimated annual percentage change 1.08
[95% CI 1.03 to 1.14]), and North America and Greenland
(estimated annual percentage change 0.82 [95% CI 0.78 to
0.87]) had increased rates.

Nationally, the highest age-standardized rate of years lived
with disability fromhip fractures in 2019was 208per 100,000,
observed in Afghanistan (Supplemental Table 2; http://links.
lww.com/CORR/A970), followed by Burundi and Rwanda
(Fig. 3A). Burundi (estimated annual percentage change 4.48
[95% CI 2.35 to 6.65]) also had higher increases in the years
livedwith disability rate than other countries (Fig. 3B).Many
countries with a high sociodemographic index, including
Australia, the United States, Canada, and most countries in
Western Europe such as the Netherlands, United Kingdom,
Spain, and Germany, also showed increased rates of years
lived with disability from 1990 to 2019 (Supplemental
Table 2; http://links.lww.com/CORR/A970).

Leading Causes of Hip Fractures

The leading cause of hip fractures was falls, followed by
road injuries (including pedestrian, cyclist, and motor ve-
hicle and other road injuries) and exposure to mechanical
forces (Fig. 4A). Conflict and terrorism replacedmechanical
forces as the third-leading cause of years livedwith disability
(Fig. 4B). Fall-related incidences and years lived with dis-
ability were estimated to be 9.85 million (95% UI 0.71 to
13.6million) and 1.62million (95%UI 1.12 to 2.21million),
respectively, accounting for 66% and 55% of the total

Fig. 1 These maps show (A) the ASIR of hip fractures per
100,000 people in 2019 and (B) the EAPC from 1990 to 2019 in
204 countries and territories, for both genders. ASIR = age-
standardized incidence rate; EAPC = estimated annual per-
centage change.

Fig. 2 This figure shows the association between the age-
standardized incidence rate of hip fractures and the latitudes
of each country. We used the latitudes of the capital of each
country. The latitudes were divided into three groups: low-
latitude region, 0° to 30°; middle-latitude region, 30° to 60°; and
high-latitude region, 60°to 90°. We analyzed the association of
latitude with the age-standardized rate using Spearman rank-
order correlation analysis.
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incidences and years lived with disability, respectively (Fig.
4, A-B). Road injuries were the second-most common cause
of hip fractures, resulting in 13%of total incidences and 24%
of the total years lived with disability. Other causes were
associated with 16% of the total incidence and 14% of the
total years lived with disability. From 1990 to 2019, the
incidence of hip fractures caused by falls gradually increased
(Fig. 4C), while the years lived with disability decreased
from 1990 to 2010 and then increased since 2010 (Fig. 4D).

Incidence and Disability of Hip Fractures by
Sociodemographic Index, Gender, and Age

In 2019, countries with higher sociodemographic indexes
tended to have higher incidence rates than did those with a
low sociodemographic index (Fig. 5A). Spearman rank-
order analysis revealed a strong, positive correlation be-
tween the age-standardized incidence rate (rho = 0.64; p <
0.001) and sociodemographic index (Fig. 5A), but a weak,
negative correlation between years livedwith disability and
sociodemographic index (rho = -0.247; p < 0.001)
(Fig. 5B). The estimated annual percentage change from
1990 to 2019 showed no correlation with the sociodemo-
graphic index (Fig. 5, C-D).

Globally, the age-standardized incidence rate and years
lived with disability rate in women reached 190 (95%UI 144
to 247) and 38 (95% UI 27 to 52) per 100,000, respectively,

and inmen reached 166 (95%UI 133 to 206) and 34 (95%UI
23 to 45) per 100,000, respectively. From 1990 to 2019, the
age-standardized incidence rate and years livedwith disability
rate were consistently higher in women than that in men
(Fig. 6A and 6B). Men and women worldwide had decreased
years lived with disability rates during this time (Fig. 6B).

Among patients younger than 70 years, the incidence and
years lived with disability rates worldwide were similar
between women and men, both increasing slightly with age.
Nevertheless, in people older than 70 years, the global in-
cidence and years lived with disability rates increased
steeply with age (Fig. 6C and 6D), and women showed
higher rates of incidence and years lived with disability than
men did. The differences between men and women also
grew with age, suggesting that women were more likely to
experience a disease burden related to hip fractures thanmen
were, and the difference grew larger with advancing age.

Discussion

Hip fractures threaten people’s lives and wellbeing, and they
represent a major cost to healthcare systems worldwide.
Delineating the temporal and geographic trends in and bur-
den of hip fractures, as well as exploring the leading causes,
will help individuals, policymakers, donors, and health
program organizers take better actions. Although a previous
study reported the global incidence and years lived with
disability of hip fractures using data from the GBD 2019
[16], that study did not describe the national and regional
epidemiology and burden of hip fractures. It is also important
to know the incidence and burden of hip fractures by age,
year, gender, and sociodemographic index, which will pro-
vide more-valuable information for policymaking and
healthcare practice. Using data from that same database, we
found the global incidences and years lived with disability of
hip fractures were substantial in 2019, with falls being the
leading cause. Countries with a higher sociodemographic
index tended to have higher incidence rates, but they had
lower disability levels associatedwith hip fractures.Most hip
fractures occurred in people older than 70 years, and women
weremore likely to experience them.Enhanced awareness of
osteoporosis treatment and fall prevention, supported by
data-driven healthcare policies (using findings from studies
like ours), is important to reduce the future burden.

Limitations

The limitations of this work were similar to those in another
GBD study [15]. First, because the raw data were obtained
from civil registration, vital statistics, and hospital records,
the completeness of these systems affects the accuracy of
estimates. In some low-income countries or in those with

Fig. 3 These maps show (A) the ASYR of hip fractures per
100,000 people in 2019 and (B) the EAPC from 1990 to 2019 in
204 countries and territories, for both genders. ASYR = age-
standardized YLD rate; EAPC = estimated annual percentage
change; YLD = years lived with disability. A color image ac-
companies the online version of this article.
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active wars lacking adequate functioning healthcare sys-
tems, the raw data were sparse. Thus, the estimates depend
largely on the modeling strategies used in the estimating
tool, which decreases the accuracy of estimation compared
with countries with robust healthcare systems, such as the
United States, Canada, and those in Europe. To address
this, the research team of the GBD 2019 study made their
best efforts to reduce the impact of these issues by in-
cluding more experts from different countries, updating the
raw data for the GBD 2019 from all possible sources, and
improving the estimating techniques [15], which make the
data in the GBD 2019 more reliable.

Second, because hospital records were used to obtain raw
data, the accuracy of estimateswas affected by poor access to
hospitals in some countries with low sociodemographic in-
dices. In these countries, the high cost of surgical treatment
delays or prevents the treatment of hip fractures for patients
with limitedfinancialmeans,which leads to an underestimate
of the number and impact of hip fractures. This limitation has
been shown to affect data from themost resource-constrained
countries, more than it does in more-affluent countries [16],
and the results should be interpretated accordingly.

Third, the GBD study covers a wide time period. From
1990 to 2019, the diagnostic and therapeutic methods, as

well as a number of social and economic factors, have
changed inmost countries. Patients in recent years are more
likely to seek medical care for hip fractures than those in
earlier years. As a result, the incidence of hip fractures was
more likely to be underreported in the 1990s than in recent
years, which should be considered when interpreting the
trends in hip fractures during this time.

Incidence of Hip Fractures

Because of population growth and aging, the estimated
number of patients experiencing hip fractures in 2019 was
substantial. It was twice as large in 2019 as it was in 1990.
The age-standardized incidence rate of hip fractures was
positively correlated to the sociodemographic index. High
age-standardized incidence rates were seen in countries
with a high sociodemographic index, such as Australia and
Central, Western, and Eastern Europe. Understanding the
reasons for the high incidence rates will help reduce the
burden. A previous study on the trends of hip fractures
worldwide attributed the high incidence of hip fractures to
the process of urbanization [2]. However, that study lacked
data frommany regionswith a low sociodemographic status,

Fig. 4 These graphs show the leading causes of the incidence and burden of hip fractures,
including (A) the absolute incidence number of hip fractures, (B) the absolute number of
years lived with disability of hip fractures, (C) the trends in ASIR associated with the top
three causes of hip fractures, and (D) the trends in ASYR associated with the top three
causes of hip fractures. ASIR = age-standardized incidence rate; ASYR = age-standardized
YLD rate; YLD = years lived with disability. A color image accompanies the online version of
this article.
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Fig. 5 These graphs show the correlations between (A) the ASIR and SDI, (B) age-
standardized YLD rate and SDI, (C) EAPC of the age-standardized incidence rate and SDI,
and (D) EAPC of the age-standardized YLD rate and SDI. ASIR = age-standardized incidence
rate; ASYR = age-standardized YLD rate; YLD = years lived with disability; EAPC = estimated
annual percentage change; SDI = sociodemographic index.

Fig. 6 These graphs show the age-standardized incidence and YLD rate of hip fractures by
age and gender, including (A) the trends in ASIR of hip fractures from 1990 to 2019 by
gender, (B) the trends in ASYR of hip fractures from 1990 to 2019 by gender, (C) the
incidence rate of hip fractures by age and gender, and (D) the YLD rate of hip fractures by
age and gender. ASIR = age-standardized incidence rate; ASYR = age-standardized YLD
rate; YLD = years lived with disability.
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such as Asia and South America, and no evidence was
provided to explain why urbanization might affect the in-
cidence of hip fractures. In our study, we found the age-
standardized incidence rate was strongly and positively
correlated with countries’ latitudes. Many countries with
low sociodemographic indices in tropical zones have longer
sunlight exposure, and the incidence rates in these countries
were lower than those with high sociodemographic indices
in high latitudes, suggesting that prolonged exposure to
sunlight contributes to enhanced bone quality and reduced
hip fractures. In addition, countries in regions with high
sociodemographic indices tend to have a higher prevalence
of tobacco and alcohol consumption [13, 31], which are risk
factors for hip fractures [43]. For individuals, health edu-
cation or programs aimed at improving vitamin D and cal-
cium intake, increasing daily sunlight exposure, and
avoiding lifestyle risk factors such as alcohol drinking and
smoking would help to reduce the incidence of hip fractures.

Burden of Disease Attributable to Hip Fractures

In terms of the health burden, the global age-standardized
rate of years lived with disability in patients with hip
fractures decreased between 1990 and 2019. However, the
trends differed by country, with many showing increased
trends, even in those with a high sociodemographic index.
Notably, the age-standardized rate of years lived with
disability was negatively correlated with the sociodemo-
graphic index, indicating that countries with a low socio-
demographic index experienced greater disability because
of hip fractures. This association with hip fractures is dif-
ferent from that of vertebral fractures, another typical fra-
gility fracture. There is a positive correlation between the
associated burden of disease and the sociodemographic
index [11]. Such a difference can be explained by the
higher medical cost of hip fractures. Because of the high
severity and mortality, more than 95% of hip fractures re-
ceive surgical intervention, while for vertebral fractures,
the hospitalization rate is only 10% [36]. In the United
States, the cost of the overall management of hip fractures
has been estimated as approximately USD 14,000 per pa-
tient, accounting for more than 70% of the total cost of
osteoporotic fractures, which is much higher than that for
vertebral fractures (6%) [3, 30]. In countries with a lower
sociodemographic index, some patients will not be able to
afford the total cost of surgical treatment, which can result
in increased and prolonged disability. For example, pov-
erty in Burundi has resulted in a much higher rate of years
lived with disability because of hip fractures than in other
countries. In these countries, increasing government health
spending on hip fracture prevention and treatment will help
to ensure adequate medical care for patients with this injury
[40]. More importantly, although improved short-term

outcomes have been achieved in several places in the past
decades [7], hip fractures are associated with highmortality
levels, even in many high-income countries [30]. It is es-
sential (and more cost-effective) to focus on the treatment
of osteoporosis to prevent hip fractures than to treat them.
Policy measures may be taken to develop and promote
more effective drugs. For example, denosumab is more
effective to treat osteoporosis and prevent fragility frac-
tures than bisphosphonates [27], but its use is limited by its
higher cost [9]. Since 2021 in China, the cost of denosumab
has been covered by the national medical insurance
scheme, and the price has dramatically decreased (from
approximately USD 800 to USD 100 per dose) because of
policy efforts by the government [29]. The decreased cost
has resulted in increased prescribing of the drug by phy-
sicians, which helps more patients benefit from it. Anabolic
agents such as teriparatide and abaloparatide with anti-
fracture efficacy may also be considered for wider use
through policy efforts. Finally, conflict and terrorism
ranked as the third-leading cause of the burden of hip
fractures. This has resulted in substantial amounts of dis-
ability; the highest rate of years lived with disability in
Afghanistan was caused by armed conflict.

Leading Causes of Hip Fractures

Falls are the leading cause of hip fractures. The incidence
of hip fractures owing to falls has steadily increased year by
year during the past 30 years, indicating that the prevention
of falls should receive more attention. Many factors are
associated with an increased risk of falls, including age,
medication use, depression, cognitive impairment, and
general frailty [25, 34, 41]. A recent study revealed people
with sarcopenia are also at an increased risk of falls and
fractures [42]. Measures to prevent falls should be in-
dividualized in communities, hospitals, and care facilities
to fit the right population. Generally, exercise should be
recommended in people without contraindications [5].
Screening for sarcopenia, vision loss, and mental disorders
in older people, as well as withdrawal of psychotropic
medications (when appropriate) that increase the risk of
falls, are also effective measures. These efforts should be
made by home caregivers, general practitioners, and staff in
care facilities, and enhancing these caregivers’ knowledge
about how to prevent falls would help reduce fall-related
fractures [4, 5].

Incidence and Disability of Hip Fractures by
Sociodemographic Index, Gender, and Age

The incidence and burden of hip fractures are higher in
women than in men because there is an increased
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prevalence of osteoporosis in women after menopause.
However, the age-standardized incidence rate of hip frac-
tures has increased in men in the past 30 years. This may
result from the general underemphasis of osteoporosis
management in men [37]. A previous study revealed that
men have higher bone mineral density than women do, but
the attributable mortality rates are higher in men than in
women once a fracture has occurred [10]. However, the
treatment of osteoporosis is inadequate for the entire pop-
ulation (both men and women) in some countries. For ex-
ample, despite an aging population, the annual prescription
rate of antiosteoporotic drugs in the United Kingdom has
remained unchanged since 2006 [39]. In the United States,
the use of these drugs has even decreased since 2001 [35].
One important reason for the undertreatment of osteopo-
rosis is insufficient knowledge among young resident
physicians about screening for and treatment of this disease
[8]. These reasons may collectively cause high incidence
rates of hip fractures in countries with high sociodemo-
graphic indices. Thus, it would be worth taking steps to
increase knowledge about osteoporosis among young res-
ident physicians, enhance osteoporosis screening and
treatment, and develop and disseminate guidelines for os-
teoporosis management in men to reduce the burden of hip
fractures.

Conclusion

From 1990 to 2019, the absolute number of hip fractures
has substantially increased, representing a major threat to
people’s health and wellbeing and resulting in great burden
to healthcare systems globally. Many countries with low
sociodemographic indices in low-latitude regions have
lower incidences, perhaps because of prolonged sunlight
exposure, but the burden in those countries was still higher
than in countries with a high sociodemographic index
(likely because of the effects of poverty). Most hip frac-
tures occurred in people older than 70 years, and women
were more likely to experience them. To reduce the burden
of hip fractures, one needs to begin with the perspective
that it is more cost-effective to prevent fractures than to
treat them, especially in countries that are more-severely
resource-constrained. To achieve a reduced healthcare
burden associated with this important injury, a multi-
pronged approach would be needed. Bone-protective life-
style choices, such as increasing sunlight exposure,
supplementing vitamin D, reducing alcohol consumption,
and avoiding tobacco use, should be recommended to pa-
tients. For young and less-experienced clinicians, in-
creasing the awareness and knowledge of osteoporosis
screening and treatment and receiving related clinical
training will guarantee better care for patients [8, 21]. For
policymakers, increasing budgets for hip fracture

treatment, developing more effective antiosteoporosis
drugs, and reducing their costs (as was recently done in
China [29]) will help us address the future challenges as-
sociated with caring for patients with hip fractures.
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