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Abstract

Background Falls are a significant public health concern, especially among postmenopausal women. This study aims to
evaluate the global, regional, and national burden of fall-related fractures among postmenopausal women using data from
the Global Burden of Disease (GBD) Study 2021.

Methods This study assess the prevalence and incidence of fall-related fractures among women aged 55 and older from
1990 to 2021. The burden was evaluated by examining cases and rates of prevalence and incidence at the global level, strati-
fied by age, region, nation, and socio-demographic index (SDI) levels. The estimated annual percentage change (EAPC) was
utilized to assess temporal trends, while the Bayesian Age-Period-Cohort (BAPC) model was employed to forecast future
trends. Additionally, the correlation between prevalence and incidence rates and SDI levels was analyzed across 21 GBD
regions and 204 countries using locally estimated scatterplot smoothing (LOESS) regression.

Results In 2021, fall-related fractures among postmenopausal women had 25.42 million incident cases and 96.05 million
prevalent cases, up 156.58% and 132.62% since 1990. The incidence rate rose from 2752.20 to 3231.91 per 100,000 popula-
tions and the prevalence rate from 11,471.72 to 12,213.33 per 100,000 populations, with EAPCs of 0.52 and 0.13. The inci-
dence and prevalence rates increase with age and are highest in the 95 +age group. Between 1990 and 2021, among regions,
the incidence rate of fall-related fractures among postmenopausal women rose most in North Africa, the Middle East, and
Australasia, but fell most in Central Europe and Central Latin America. Meanwhile, the prevalence rate increased most in
the Caribbean and High-income North America, while decreasing most in Southern Sub-Saharan Africa and Central Latin
America. At the national level, the incidence and prevalence rates saw the most significant increases in Turkey and Bhutan.
In contrast, United Arab Emirates and Czechia exhibited the lowest incidence rate, while Czechia and Latvia had the lowest
prevalence rate. The correlation analysis showed that incidence and prevalence rates increased with SDI levels, reached an
initial peak at approximately 0.38, subsequently declined to a nadir at approximately 0.62, then rose to their highest levels.
Predictions indicate a substantial increase in both incident and prevalent cases, along with a modest rise in incidence and
prevalence rates.

Conclusions The burden of fall-related fractures among postmenopausal women is substantial and increasing globally. Pub-
lic health policies and resource allocation need to address this critical issue to improve the well-being of postmenopausal
women and reduce the economic burden on healthcare systems.
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Introduction

Falls are a significant public health concern, particularly
among the elderly population [1], and they pose a consider-
able threat to the well-being of postmenopausal women [2].
As women enter the postmenopausal stage, they experience
a natural decline in estrogen levels, which contributes to a
reduction in bone density and an increased susceptibility
to fractures [2] This vulnerability is further exacerbated by
age-related changes in balance, muscle strength, and over-
all physical function, making falls a leading cause of injury
and hospitalization in this demographic [1, 3,4] The conse-
quences of fall-related fractures are far-reaching, affecting
not only the individual’s quality of life but also imposing
a substantial economic burden on healthcare systems and
families. However, there is currently a lack of compre-
hensive research in this area, which is urgently needed to
address these critical issues.

The Global Burden of Disease (GBD) Study 2021 offers
a comprehensive and detailed analysis of the global health
landscape, providing critical insights into the prevalence,
incidence, and impact of various health conditions, includ-
ing fall-related fractures [5, 6] This study aims to lever-
age the extensive data from the GBD 2021 to examine the
global, regional, and national burden of fall-related fractures
among postmenopausal women. By analyzing trends and
patterns across different geographical regions, this research
seeks to inform public health policies and guide the alloca-
tion of resources to address this critical issue. Ultimately,
this study aims to contribute to the global effort to enhance
the well-being of aging populations and reduce the burden
of fall-related fractures on individuals, families, and health-
care systems worldwide.

Materials and methods
Study design and data sources

This research conducted an extensive, retrospective review
to gauge the global, regional, and national prevalence and
incidence of fall-related fracture among postmenopausal
women from 1990 to 2021. Data were derived from the
2021 Global Burden of Disease (GBD) Study, a worldwide
initiative involving hundreds of researchers focused on
quantifying health loss from diseases, injuries, and risk fac-
tors. The GBD database amalgamates diverse data sources,
including population-based surveys, hospital records, mor-
tality registries, and academic literature, to provide a robust
and comprehensive dataset for analysis [5-7].
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Case definition

This study regards female individuals aged 55 and older as
postmenopausal women. Age was stratified according to
the standard GBD classification into the following groups:
55-59, 60—64, 65-69, 70-74, 75-79, 80-84, 85-89, 90-94,
and 95 years and older. In the GBD classification system,
falls are categorized as a level 3 cause, following injuries
and unintentional injuries, which are ranked at levels 1 and
2 respectively. [8] Falls encompass fatalities or disabilities
that arise from a sudden downward motion caused by slip-
ping, tripping, or other accidental movements, leading to an
individual landing at a lower level or colliding with an object
[8] The definition of falls is based on specific International
Classification of Diseases (ICD) codes related to falls (ICD-
9: E880-E886.99, E888-E888.9, E929.3; ICD-10: WO00-
W19.9) [8, 9] Fractures encompass fatalities or disabilities
resulting from a break in the continuity of the bone, which
can be caused by various injury mechanisms such as falls,
road injuries, or direct blows [10] The definition of fractures
in the GBD study is based on a comprehensive set of ICD
codes that specifically describe fracture diagnoses, rather
than the external causes of injury. This study mainly focuses
on fall-related fracture among postmenopausal women.

The socio-demographic index (SDI) serves as a com-
prehensive indicator of a nation’s or region’s development
status, which is closely linked to health outcomes. It is
calculated as the geometric mean of three indices ranging
from 0 to 1, namely the total fertility rate among individu-
als under 25 years old, the average years of education for
those aged 15 and above, and the lag-distributed income
per capita. [11] The SDI ranges from 0, representing the
lowest level of development, to 1, signifying the highest
level of development. It is divided into five categories: low,
low-middle, middle, high-middle, and high. [11] The World
Health Organization (WHO) classifies nations into 21 GBD
regions based on their geographic locations. For the purpose
of comparative analysis, the 204 countries or territories and
the 21 GBD regions are grouped into five quintiles accord-
ing to their SDI levels: low (0-0.466), low-middle (0.466—
0.619), middle (0.619-0.712), high-middle (0.712-0.810),
and high SDI (0.810-1).

Statistical analysis

The burden of fall-related fracture among postmenopausal
women was evaluated by examining the cases and rates of
prevalence and incidence at the global level, with stratifi-
cation by age, region, nation, and SDI levels. The 95%
uncertainty intervals (Uls) were calculated through 1,000
simulations for each prevalence and incidence estimate,
with the 2.5th and 97.5th percentiles defining the lower and
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upper bounds of the 95% Uls, respectively. The cases and
rates of prevalence and incidence were expressed as 95%
Uls [5, 6]. To assess average trends over a specific period,
the estimated annual percentage change (EAPC) in preva-
lence and incidence rates was calculated using a logarith-
mic regression model (y=a+by+¢), where y represents the
natural logarithm of prevalence and incidence rates, and
denotes the calendar year. The EAPC was derived via the
Eq. 100 x (exp(B)—1), with the 95% confidence intervals
(CIs) obtained from model parameters. An upward trend
was confirmed if both the EAPC and its 95% CI exceeded
zero, while a downward trend was established if they were
both below zero. If the 95% CI included zero, the change
in prevalence and incidence rates was deemed statistically
insignificant [ 12] The Bayesian Age-Period-Cohort (BAPC)
model was used to forecast the burden of fall-related frac-
ture among postmenopausal women from 2022 to 2035.
This model integrates age, period, and cohort effects mul-
tiplicatively through the Poisson distribution, with Mar-
kov Chain Monte Carlo (MCMC) for fitting and Integrated
Nested Laplace Approximations (INLA) to address conver-
gence issues [13, 14] Additionally, the correlation between
prevalence and incidence rates of fall-related fracture among
postmenopausal women and the SDI levels was analyzed
across 21 GBD regions and 204 countries using locally
estimated scatterplot smoothing (LOESS) regression. Data
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Fig. 1 Trends in cases and rates of incidence (A) and prevalence (B)
for fall-related fractures among postmenopausal women at the global
level, 1990-2021. The cases and rates of incidence (C) and prevalence

visualization and analysis were conducted using R version
4.2.2.

Results
Global trends

In 2021, fall-related fractures among postmenopausal
women accounted for approximately 25.42 million (95%
UI 21.97 to 29.08 million) incident cases and 96.05 mil-
lion (95% UI 84.92 to 107.56 million) prevalent cases,
representing increases of 156.58 % and 132.62 %, respec-
tively, since 1990 (Figs. 1A-B and Tables 1-2). Over the
same period, the corresponding incidence and prevalence
rates increased from 2752.20 (95%UI 2346.98 to 3197.38)
per 100,000 populations to 3231.91 (95% UI 2793.03 to
3697.13) per 100,000 populations and from 11,471.72
(95% UI 10,075.24 to 12,915.11) per 100,000 populations
to 12,213.33 (95%UI 10,797.85 to 13,676.02) per 100,000
populations (Figs. 1A-B and Tables 1-2). The estimated
EAPCs were 0.52 (95%CI 0.48 to 0.57) for incidence rate
and 0.13 (95%CI 0.08 to 0.17) for prevalence rate (Tables
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(D) for fall-related fractures among postmenopausal women in the dif-
ferent age globally in 2021.
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Table 1 (continued)

EAPC

Incidence rate (95%UI), 2021

Incident cases (95%UTI), 2021

Incidence rate (95%UI), 1990

Incident cases (95%UT), 1990

Location

(95%CTI),1990—

2021

0.56 (0.50 to 0.63)
0.37 (0.33 to 0.41)

5,708,636 (5,055,914 to 6,362,564) 7119.54 (6305.5 to 7935.09)

188,410 (163,694 to 216,087)

6237.91 (5450.72 to 7097.94)
972.05 (820.18 to 1137.01)

3,466,176 (3,028,765 to 3,944,064)
Western Sub-Saharan Africa 67,633 (57,066 to 79,111)

SDI levels

Western Europe
Low SDI

1102.77 (958.1 to 1264.76)

0.94 (0.90 to 0.99)
0.43 (0.37 to 0.49)
1.15 (0.98 to 1.32)
0.37 (0.29 to 0.45)
0.77 (0.72 to 0.82)

1905.32 (1614.79 to 2232.53)

797,162 (675,607 to 934,061)

1433.62 (1186.45 to 1703.36)
2359.17 (1907.9 to 2852.55)

260,211 (215,348 to 309,172)

3,384,708 (2,830,036 to 3,967,071) 2697.08 (2255.09 to 3161.13)

1,168,087 (944,648 to 1,412,372)

Low-middle SDI

Middle SDI

5,832,610 (4,933,010 to 6,811,371) 2369.82 (2004.31 to 2767.5)

1606.77 (1319.45 to 1928.31)
2318.98 (1971.76 to 2710.53)

4524.08 (3923.55 to 5194.24)

1,429,876 (1,174,194 to 1,716,015)

4,978,924 (4,294,622 to 5,719,477) 2649.74 (2285.56 to 3043.85)

10,400,709 (9,170,663 to

11,746,513)
EAPC estimated annual percentage change, SDI socio-demographic index, GBD global burden of disease, Ul uncertainty interval, CI confidence interval

2,256,119 (1,918,311 to 2,637,048)
4,776,374 (4,142,348 to0 5,483,906)

High-middle SDI

High SDI

5639.97 (4972.96 to 6369.76)

Age trends

In 2021, Figs. 1C-D depict the age distribution of fall-
related fractures among postmenopausal women. The global
incident and prevalent cases of fall-related fractures among
postmenopausal women was highest in the 80-84 and 70-74
age group, respectively. The incidence and prevalence rates
associated with this condition rise steadily with advancing
age, peaking in the 95+age group (Figs. 1C-D and Tables
1-2). From 1990 to 2021, the incidence and prevalence rates
of fall-related fractures among postmenopausal women var-
ied significantly across different age groups (Tables 1-2).

Geographic regional trends

In 2021, the Western Europe, Australasia, and High-income
North America exhibited the highest incidence and preva-
lence rates of fall-related fractures among postmenopausal
women across the 21 GBD regions. Conversely, Southern
Sub-Saharan Africa demonstrated the lowest incidence and
prevalence rates, as detailed in Tables 1-2. Between 1990
and 2021, the incidence rate of fall-related fractures among
postmenopausal women increased most significantly in
North Africa and the Middle East, as well as in Australasia.
In contrast, Central Europe and Central Latin America saw
the most substantial declines in incidence rate during this
period (Table 1). During the same timeframe, the preva-
lence rate of fall-related fractures among postmenopausal
women rose most markedly in the Caribbean and High-
income North America. Conversely, Southern Sub-Saharan
Africa and Central Latin America experienced the most
notable decreases in prevalence rate (Table 2). Addition-
ally, in 2021, the greatest incident and prevalent cases from
fall-related fractures among postmenopausal women are
observed in Western Europe, South Asia, and East Asia, as
detailed in Tables 1-2.

National trends

In 2021, the highest incidence and prevalence rates of
fall-related fractures among postmenopausal women were
observed in Andorra and Belgium among the 204 countries
and territories. Conversely, South Africa and Turkmenistan
exhibited the lowest incidence rate, while Swaziland and
South Africa had the lowest prevalence rate (Figs. 2A-B
and Supplementary material Tables 1-2). Between 1990
and 2021, the incidence and prevalence rate of fall-related
fractures among postmenopausal women saw the most sig-
nificant increases in Turkey and Bhutan. In contrast, United
Arab Emirates and Czechia exhibited the lowest incidence
rate, while Czechia and Latvia had the lowest prevalence
rate (Figs. 2C-D and Supplementary material Tables 1-2).
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Correlation with the SDI levels

The relationship between the incidence and prevalence rates
of fall-related fractures among postmenopausal women and
the SDI levels across 21 regions from 1990 to 2021 is illus-
trated in Figs. 3A-B. From 1990 to 2021, the incidence and
prevalence rates of fall-related fractures among postmeno-
pausal women rose with increasing SDI levels, reaching
an initial peak of around 0.38. Subsequently, they dipped
to a low of 0.62 before steadily climbing back up to their
highest level. The incidence and prevalence rates in West-
ern Europe, Australasia, and High-income North America
exceeded the levels that would be expected based on their
SDI. In 2021, the relationship between the incidence and
prevalence rates of fall-related fractures among postmeno-
pausal women and the SDI levels across 204 countries and
territories is depicted in Figs. 3C-D. The incidence and
prevalence rates initially rose slowly with increasing SDI
levels, eventually reaching 0.68, after which they increased
sharply. The incidence and prevalence rates in Andorra, Bel-
gium, Croatia, Norway, and Switzerland exceeded the levels
that would be expected based on their SDI.

Projection trends

The future projections of fall-related fractures among post-
menopausal women are illustrated in Fig. 4. The projection
trends suggest that the incident cases of fall-related fractures
among postmenopausal women will steadily climb each
year, beginning with 26.55 million cases in 2022 and esca-
lating to 41.57million cases by 2035. Likewise, the preva-
lent cases of fall-related fractures among postmenopausal
women are projected to increase annually, rising from 99.63
million cases in 2022 to 153.79 million cases by 2035. In
the upcoming 14 years, the incidence and prevalence rates
of fall-related fractures among postmenopausal women are
projected to undergo a slight uptick. The incidence rate is
projected to climb from 3227.15 per 100,000 populations in
2022 to 3346.60 per 100,000 populations by 2035. Mean-
while, the prevalence rate is set to grow from 12,120.87
per 100,000 populations in 2022 to 12,584.49 per 100,000
populations by 2035.

Discussion

This comprehensive analysis of data from the GBD Study
2021 reveals a substantial and growing global burden of fall-
related fractures among postmenopausal women. Between
1990 and 2021, both the absolute number of incident and
prevalent cases and the corresponding rates increased
worldwide. The burden demonstrates clear demographic

@ Springer

and geographic disparities, being strongly associated with
advancing age and varying considerably across regions and
nations with different socioeconomic development levels.
Our projections indicate that this public health challenge
is set to intensify in the coming decades, underscoring the
urgent need for targeted interventions.

The findings of this study underscore the substantial and
increasing burden of fall-related fractures among postmeno-
pausal women globally. The significant rise is mainly due to
the combined impact of aging and a lack of estrogen, which
greatly increase the risk of osteoporosis-related fractures
and ensuing issues [15, 16] This upward trend is concern-
ing, as it suggests that the problem is not only persistent but
also worsening over time. Even after accounting for popula-
tion aging through the incidence and prevalence rates have
shown a persistent upward trend (EAPC of 0.52 and 0.13,
respectively). This suggests that other factors beyond demo-
graphic shifts are at play. To address this growing public
health concern, it is crucial to implement comprehensive
strategies that include early screening for osteoporosis,
promoting bone health through diet and exercise, and pro-
viding hormone replacement therapy where appropriate.
Additionally, public health campaigns should focus on rais-
ing awareness about fall prevention and the importance of
maintaining bone density to reduce the incidence of frac-
tures in postmenopausal women.

The age-specific pattern we observed, where rates esca-
late dramatically with age and peak in the 95+group, is
consistent with the well-established pathophysiology of
postmenopausal osteoporosis [17] and age-related declines
in muscle mass (sarcopenia), balance, and cognitive func-
tion [18-20], all of which synergistically increase the risk
of falls and fragility fractures. Furthermore, some research
highlights the potential significance of early exposure to
environmental factors (primarily dietary factors, physical
activity, and comorbidities), as etiological factors could
have an impact earlier in the life course, resulting in an
elevated rate of fractures in later life. [21, 22] Given these
findings, targeted interventions such as fall prevention pro-
grams, strength and balance training, and nutritional sup-
port for older adults, especially those aged 95 and above,
are essential. Public health initiatives should also focus on
early detection and management of osteoporosis to mitigate
the risk of fragility fractures in this vulnerable population.

The regional and national variations in the incidence and
prevalence of fall-related fractures highlight the complex-
ity of this public health issue. Western Europe, Australasia,
and High-income North America had the highest rates in
2021, while Southern Sub-Saharan Africa had the low-
est. These differences may be attributed to various factors,
including lifestyle, calcium intake, the plasma level of vita-
min D, osteoporosis medication, healthcare infrastructure,
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environmental and/or intrinsic factors, and socioeconomic
conditions [23-25] For instance, high-income regions ben-
efit from superior acute care and a wider range of improved
therapies and preventive strategies. This has led to a higher
survival rate among postmenopausal women who suffer
fractures caused by falls. However, a considerable propor-
tion of these individuals require long-term care due to dif-
ferent extents of disability [26-28] In contrast, low-income
countries face higher mortality rates among the elderly who
experience fractures due to falls because of limited acute
care and lack of access to advanced therapies and preven-
tive measures [29]. The analysis of trends from 1990 to
2021 offers further insights. The most significant increases
in incidence rates in regions like North Africa and Middle
East, and Australasia may signal rapid demographic transi-
tions and changing lifestyles in these regions. Meanwhile,
the declines observed in Central Europe and Central Latin
America could be the result of successful public health ini-
tiatives focused on fracture prevention, improved nutrition,
or the wider availability of osteoporosis treatment. The cor-
relation analysis shows that the incidence and prevalence
rates of fall-related fractures among postmenopausal women
increase with the SDI levels, reaching a peak at around 0.38,
then dipping to 0.62 before rising again. This suggests a
complex relationship between socioeconomic development
and the burden of fall-related fractures [28-30]. Regions
with moderate levels of development may experience
higher rates of fall-related fractures due to factors such as
rapid urbanization, changes in lifestyle, and increased life
expectancy. In contrast, regions with very high levels of
development may have better healthcare infrastructure and
preventive measures in place, which can help mitigate the
risk of falls and fractures. At the national level, the stark
contrasts between countries like Turkey and Bhutan (show-
ing the largest increases) and the United Arab Emirates
and Czechia (showing the largest decreases) highlight the
critical role of national-level policies and healthcare infra-
structure. Countries like Andorra and Belgium, whose rates
exceeded the expected level based on their SDI, should be
prioritized for further investigation into specific risk factors
and healthcare delivery models. To address the complex-
ity of fall-related fractures, countries should tailor public
health strategies based on their specific socioeconomic and
healthcare contexts. High-income countries should focus
on improving long-term care and rehabilitation services
for the postmenopausal women, while low-income coun-
tries should prioritize enhancing acute care and expanding
access to basic fracture prevention and treatment measures.
Additionally, countries with significant increases in fracture

@ Springer

incidence, such as Turkey and Bhutan, should invest in
targeted interventions like exercise programmes [31, 32],
calcium and vitamin D supplementation [33-35], safe envi-
ronment modifications [36], and osteoporosis screening,
while those with declines, like the United Arab Emirates
and Czechia, should continue to strengthen their successful
public health initiatives and share best practices.

Strengths and limitations

This study benefits from the use of comprehensive data
from the GBD Study 2021, which integrates a wide range of
sources to provide a robust and detailed dataset. The inclu-
sion of both global, regional and national analyses allows
for a nuanced understanding of the burden of fall-related
fractures among postmenopausal women. Additionally,
the application of rigorous statistical methods, such as the
EAPC and the BAPC model, ensures accurate trend assess-
ments and reliable future projections. The use of LOESS
regression further enhances the analysis by capturing non-
linear relationships between the incidence and prevalence
rates and SDI levels.

Despite these strengths, the study is subject to limitations
inherent in the data sources. The reliance on existing health
records and surveys may introduce underreporting and inac-
curacies, particularly in regions with less developed health-
care infrastructure [25]. Additionally, the study assumes
that current trends will persist, which may not account for
future changes in healthcare practices or public health inter-
ventions [37]. The analysis also does not consider individ-
ual-level factors, such as genetic predisposition, lifestyle
choices, and comorbid conditions, which could influence
fracture risk. Future research should focus on addressing
these limitations by improving data collection and incor-
porating individual-level data to enhance the accuracy and
applicability of the findings.

Conclusion

The burden of fall-related fractures among postmenopausal
women is substantial and increasing globally. This study
highlights the need for public health policies and resource
allocation to address this critical issue, with a focus on
improving bone health, preventing falls, and enhancing
healthcare services for older women. By taking proactive
measures, we can improve the well-being of postmeno-
pausal women and reduce the economic burden on health-
care systems worldwide.
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