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Abstract 

Background  This study aimed to estimate temporal trends in the burden of vertebral fractures (VFs) caused by falls 
by gender and age in China and globally from 1990 to 2021.

Methods  Data concerning the characteristics of VFs caused by falls in China and worldwide, with a focus on met-
rics in incidence, prevalence and years lived with disability (YLDs) and their age-standardised rates, were sourced 
from the Global Burden of Disease (GBD) Study 2021. Joinpoint regression analysis was used to identify periods 
with significant changes. The average annual percentage change (AAPC) was calculated to reflect the temporal trends 
from 1990 to 2021. We utilised the age-period-cohort (APC) model to assess the effects of age, period, and cohort 
on the burden of VFs in China.

Results  From 1990 to 2021, the age-standardised incidence rate (ASIR), age-standardised prevalence rate (ASPR) 
and age-standardised YLD rate (ASYR) of VFs caused by falls exhibited an overall increase in China, whereas a general 
decline was observed globally. Furthermore, the ASIR, ASPR and ASYR were higher for males than females in China 
and worldwide. In 2021, across all age groups, the disease burden of VFs was primarily observed among the elderly 
population, particularly in the older female population, both in China and globally. The impact of age, period, 
and cohort on the incidence, prevalence, and YLDs exhibited variations in China.

Conclusion  The burden of VFs in China remains significant, particularly among older females. Given the considerable 
size of the elderly population and the ageing of the Chinese population, VFs remain critical public issues. Therefore, 
continued efforts must be made to address the health consequences of VFs caused by falls.
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Text box 1. Contributions to the literature

• This study provides a comprehensive analysis of temporal trends 
in the burdens of vertebral fractures resulting from falls, offering new 
insights into Chinese and global health impacts.
• Using data from the latest Global Burden of Disease (GBD) Study 
2021 highlights critical epidemiological changes across demographics 
from 1990 to 2021 in both China and globally.
• The findings contribute to public health by identifying trends 
that inform targeted strategies for preventing vertebral fractures 
caused by falls and implementing healthcare policies in China.

Introduction
Vertebral fractures (VFs) are a common treatment chal-
lenge in orthopaedics and can be broadly divided into two 
main types: traumatic and non-traumatic. Traumatic VFs 
are caused by external forces, such as those experienced 
in traffic accidents, falls, or sports-related injuries [1, 2]. 
In contrast, non-traumatic VFs, primarily pathological, 
are most frequently observed in elderly (> 60 years) indi-
viduals diagnosed with osteoporosis [3]. In patients with 
osteoporosis, even minor trauma or daily activities can 
trigger a fracture. Patients with cancer also face a signifi-
cant risk of fracture, as bone tumours and bone metasta-
ses can cause severe damage to vertebral structures [4]. 
One study has shown that these fractures are related to 
a greater risk of death, indicating serious health impli-
cations and potential threats to life expectancy [5]. VFs, 
particularly those associated with osteoporosis, are more 
prevalent in the elderly female population [6]. The princi-
pal reason for this phenomenon is that following meno-
pause, oestrogen levels decrease in females, resulting in a 
significantly greater risk of osteoporosis and greater vul-
nerability to VFs than in males [7].

The worldwide distribution of VFs varies significantly 
[8]. A study including 20,416 participants in China 
reported that the prevalence of VFs was 10.5% in males 
and 9.7% in females among individuals aged 40  years 
and older [9]. A study in Spain of 824 postmenopausal 
females aged 50 years and older reported that the prev-
alence of all VFs was 21.4%, and the prevalence of mod-
erate-to-severe fractures was 9.7% [10]. In this study, 
we drew on data from the Global Burden of Disease 
(GBD) Study 2021 and compared the burden of VFs 
caused by falls in China and globally from 1990 to 2021. 
We aimed to assess the disease burden of VFs caused 
by falls in China and globally, contributing to formulat-
ing effective management and prevention strategies.

Materials and methods
Data sources
The burden metrics of VFs were sourced from the GBD 
2021 database (https://​vizhub.​healt​hdata.​org/​gbd-​result/). 

The GBD 2021 provides data on the incidence, preva-
lence, years lived with disability (YLDs), and other met-
rics, as well as related 95% uncertainty intervals (UI) due 
to 71 diseases and injuries, for 88 risk factors, and 204 
countries and territories [11, 12]. The GBD Fracture Col-
laborators have outlined methods for processing, stand-
ardising, and modelling the incidence, prevalence, and 
YLDs associated with VFs [13]. VFs were defined by the 
International Classification of Disease codes (ICD 9 and 
ICD 10) in the GBD study. The data on VFs in China 
are primarily derived from various sources, including 
Chinese disease surveillance points and disability regis-
tration, Chinese injury and risk factor surveillance, emer-
gency department records and hospital records (https://​
ghdx.​healt​hdata.​org/​gbd-​2021/​data-​input-​sourc​es). 
Studies utilising Chinese data on different diseases have 
confirmed the reliability and representativeness of data 
from the GBD database [14, 15]. Using the GBD 2021 
dataset, we adhered to the FAIR data principles (Find-
able, Accessible, Interoperable, and Reusable). The GBD 
2021 dataset is made available by the GHDx, which is a 
publicly accessible data platform dedicated to providing 
access to health data. All data are publicly available and 
can be downloaded by researchers directly through the 
database interface. Furthermore, The GBD 2021 dataset 
provides comprehensive metadata, enabling users to gain 
insight into the provenance of the data, the methodology 
employed for its collection, and its processing. This facili-
tates the secondary utilisation of the data. This analysis 
did not involve animal or human experiments and thus 
did not require ethical approval.

Incidence, prevalence, YLDs and age‑standardised rates
This study analysed the incidence, prevalence, and YLDs 
related to VFs, along with trends from 1990 to 2021. The 
term “incidence” describes the number of new cases of 
vertebral fracture resulting from falls within a defined 
population over a specified period. The term “preva-
lence” refers to the proportion of individuals in the popu-
lation who have experienced VFs caused by falls at any 
point during the study period. The term “YLDs” denotes 
the total number of years lived with either short-term or 
long-term disability resulting from these fractures. To 
adjust for variations in population age distribution over 
time, the age-standardised rate of incidence (ASIR), prev-
alence (ASPR) and YLDs (ASYR) were employed. These 
standardised rates facilitate more precise comparisons of 
the disease burden across different populations and time 
periods, avoiding bias due to differences in the popula-
tion’s age structure.

https://vizhub.healthdata.org/gbd-result/
https://ghdx.healthdata.org/gbd-2021/data-input-sources
https://ghdx.healthdata.org/gbd-2021/data-input-sources
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Age‑period‑cohort analysis
The age-period-cohort (APC) model was employed to 
estimate the independent effects of age, time period, and 
birth cohort on the burden of VFs. To address the col-
linearity issues often encountered in APC models, the 
intrinsic estimator (IE) method was applied, leading to 
more accurate estimates of the effects of age, period, and 
cohort [16]. In this study, we utilised data from the GBD 
study to obtain indicators on incidence, prevalence, and 
YLDs by five-year age groups from 1990 to 2021. To facil-
itate modelling, individuals under 5 and over 95  years 
old were combined into a single category, while specific 
age groups were defined as 0 − 4, 5 − 9, 10 − 14 and so 
on. Cumulative rates of incidence, prevalence, and YLDs 
were calculated for each five-year interval (1992 − 1996, 
1997 − 2001, 2002 − 2006, etc.). The APC model was fit-
ted using the Epi package (version 2.46) in R software 
(version 4.4.2), with model selection based on the com-
parison of residual deviations and AIC values to deter-
mine the most appropriate model.

Data adjustment and modelling
The GBD study employs various data sources, including 
hospital records, emergency department data, insurance 
claims, surveys, vital registration systems, and others 
[12]. These data are then modelled to estimate key met-
rics such as incidence, prevalence, and YLDs. To ensure 
the accuracy and reliability of the final estimates, several 
factors were considered during the data collection pro-
cess. Such factors include inconsistencies in ICD coding 
over time, variations in injury coding practices across 
countries, and the potential for duplicate hospital visits. 
The DisMod-MR 2.1 model, utilised in GBD 2021, pro-
vides a robust and consistent method for data analysis 
through Bayesian inference, to estimate incidence, preva-
lence, and YLDs associated with VFs. This model effec-
tively adjusts for covariates and draws information from 
various geographical areas and periods, allowing for a 
comprehensive analysis.

Selection of falls as the sole cause of VFs
Falls are the most common direct cause of VFs in the 
elderly, accounting for the majority of fractures [17]. In 
addition, compared with other causes such as road traf-
fic accidents and sports injuries, VFs caused by falls 
have a clear aetiological link and are therefore better 
suited to revealing trends in the burden of disease. The 
detailed data on falls available in the GBD database sup-
port this choice. The following steps are crucial to obtain 
the desired data: open the GBD 2021 database, select the 
option “Injuries by nature” in the “GBD Estimate” col-
umn, select the option “Fracture of vertebral column” 

in the “Injury” column, select the option “Falls” in the 
“Cause” column, select the option “Global and China” 
in the “Location” column, and select other remaining 
options and finally download the data. In this way, we can 
obtain data on VFs resulting from falls and systematically 
exclude cases of fractures caused by other trauma types.

Statistical analysis
The GBD 2021 study was employed to analyse the inci-
dence, prevalence, and YLD rates associated with VFs, 
as well as age-standardised rates. Additionally, the crude 
incidence rate (CIR), crude prevalence rate (CPR), and 
crude years lived with disability rate (CYR) per 100,000 
population for each age group in China and globally were 
calculated. When we extracted the age data from the 
GBD 2021 database, ages were divided into consecutive 
5-year intervals ranging from < 5  years old to 95 + years 
old, including children, adults, and the elderly. The Join-
point regression analysis was utilised to identify periods 
of significant changes in the incidence, prevalence and 
YLDs. Meanwhile, we calculated the average annual per-
centage change (AAPC) and its 95% confidence inter-
val (CI) by using joinpoint software (National Cancer 
Institute, Rockville, Maryland, USA) [18, 19]. An AAPC 
greater than  0 indicates an increasing trend, less than 
0 indicates a declining trend and equal to 0 indicates a 
stable trend. Furthermore, to verify the stability of the 
model estimates, we conducted a sensitivity analysis. We 
adjusted ASIR, ASPR, and ASYR by setting the upper 
and lower limits of each metric to ± 20% of the original 
estimate, respectively. This allowed us to observe changes 
in AAPC under different scenarios. By comparing the 
AAPCs before and after adjustment, we could assess the 
stability of the trends. We performed all data analysis and 
visualisation via R statistical software version 4.4.2 and 
Joinpoint software version 5.2.0.

Results
The overall burden of VFs caused by falls in China 
and globally
In China, the ASIR of VFs resulting from falls increased 
from 38.57 (95% UI: 24.63–56.88) in 1990 to 52.78 
(95% UI: 34.50–77.83) in 2021, with an AAPC of 1.17 
(95% CI: 0.80–1.53). Meanwhile, globally, the ASIR 
decreased from 62.58 (95% UI: 41.29–90.54) in 1990 to 
57.93 (95% UI: 38.24–84.47), and its AAPC was − 0.24 
(95% CI: − 0.32 to − 0.15) (Table  1). The ASPR in China 
increased from 19.66 (95% UI: 15.80–24.10) in 1990 to 
27.99 (95% UI: 22.75–34.40) in 2021, and its AAPC was 
1.28 (95% CI: 0.90–1.65). Concurrently, the global ASPR 
decreased from 48.73 (95% UI: 41.20–57.74) in 1990 to 
44.67 (95% UI: 37.42–53.05), with an AAPC of − 0.27 
(95% CI: − 0.33 to − 0.21) (Table  1). The ASYR in China 
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increased from 1990 to 2021, with an AAPC of 1.25 (95% 
CI: 0.88 to 1.62). Meanwhile, globally, it decreased from 
1990 to 2021, and its AAPC was − 0.29 (95% CI: − 0.35 
to − 0.22) (Table 1).

Joinpoint regression analysis of the ASIR, ASPR and ASYR 
of VFs caused by falls in China and globally
Figures  1 and 2 present the results of the joinpoint 
regression analysis of the ASIR, ASPR, and ASYR for VFs 
resulting from falls in China and globally from 1990 to 
2021 by gender. These trends highlight the burden of VFs 
exhibiting higher age-standardised rates in males com-
pared to females, this gender disparity is evident in the 
incidence, prevalence and YLDs. The joinpoint regres-
sion analysis revealed significant shifts in the ASIR in 
China in 2001, 2005 and 2010, whereas notable changes 
in the global ASIR were noted in 1995, 2000, 2005, 2010, 
2014 and 2018 (Figs. 1 and 2). The increasing periods in 
the ASIR in China were observed during 1990 − 2001, fol-
lowed by 2005 − 2021, whereas the decreasing period was 
in 2001 − 2005 (Fig. 1). However, the decreasing periods 
in the global ASIR were in 1990 − 1995 and 2000 − 2018, 
whereas the increasing periods were observed during 
1995 − 2000 and 2018 − 2021 (Fig. 2). Additionally, signif-
icant shifts in the ASPR of VFs in China were observed in 
1995, 2000, 2005 and 2010, whereas substantial changes 
in the global ASPR were noted in 1994, 2000, 2005, 2010, 

2014 and 2018 (Figs. 1 and 2). The increasing periods in 
the ASPR in China were observed during 1995 − 2000, 
followed by 2005 − 2021, whereas the decreasing peri-
ods were in 1990 − 1995 and 2000 − 2005 (Fig.  1). How-
ever, the decreasing periods in the ASPR globally were 
in 1990 − 1994 and 2000 − 2018, whereas the increas-
ing periods were observed during 1994 − 2000 and 
2018 − 2021 (Fig. 2). Furthermore, the significant changes 
and trends of the ASYR in China and globally were simi-
lar to those observed in the ASPR (Figs. 1 and 2).

A sensitivity analysis of the ASIR, ASPR and ASYR in China 
and globally
We adjusted ASIR, ASPR and ASYR in China and glob-
ally by setting each indicator’s upper and lower limits 
to ± 20% of the original estimate, respectively. The AAPC 
was then recalculated based on the adjusted parameter 
values. The results showed that even when the upper and 
lower limits of ASIR, ASPR, and ASYR fluctuate up and 
down by 20%, the range of variation in AAPC remains 
minimal and the trend remains stable (Table 2).

The burden of VFs caused by falls across different age 
groups in China and worldwide in 1990 and 2021
Figure 3 presents a comparative analysis of the incidence, 
prevalence, and  YLDs of VFs caused by falls across dif-
ferent age groups in China and globally for 1990 and 

Table 1  Age-standardised rates of incidence, prevalence and YLDs for VFs in 1990 and 2021, as well as AAPCs during 1990–2021

The Rate* indicates the age-standardised rate per 100,000 population
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Fig. 1  Joinpoint regression analysis of the ASIR, ASPR, and ASYR for VFs caused by falls for males, females, and both sexes in China during 1990–
2021. *p < 0.05

Fig. 2  Joinpoint regression analysis of the global ASIR, ASPR, and ASYR for VFs caused by falls for males, females, and both sexes during 1990–2021. 
*p < 0.05
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2021. It is evident that the burden of each of these met-
rics is significantly higher in 2021 than in 1990. In 1990, 
the number of new incident cases in China and globally 
was observed mainly in the younger population. In con-
trast, most new cases in 2021 were observed in the mid-
dle-aged and elderly populations. The crude incidence 
rate (CIR) initially increased but then declined with age 
in 1990, whereas a gradual rising trend in the CIR was 
observed with age in 2021 (Fig. 3, panel A). Similar trends 
in the global CIR for VFs were observed in 1990 and 2021 
(Fig.  3, panel B). In 2021, the new prevalence and YLD 
cases for VFs were notably greater than in 1990 in China, 
with most cases observed in the elderly population 
(Fig. 3, panels C, E). Furthermore, the crude prevalence 
rate (CPR), and crude YLD rate (CYR) all exhibited an 
increasing trend with age, both in 1990 and 2021. Similar 
global trends and crude rates of prevalence and YLDs for 
VFs were observed in 1990 and 2021 (Fig. 3, panels D, F).

Gender differences in the burden of VFs caused by falls 
across age groups in China and globally in 1990 and 2021
Figures  4 and 5 illustrate the burden of VFs caused by 
falls across different age groups for both males and 
females in China and globally in 1990 and 2021. In 
China, the incidence was highest among the younger 
population (aged 15–39) in 1990. In 2021, the num-
ber of cases significantly increased compared to 1990 
and was mainly observed among the middle-aged and 
elderly population. In both 1990 and 2021, the inci-
dence of VFs was higher among females than among 
males for those aged 65  years and older (Fig. 4, panels 
A, B). Globally, the number of incidence cases is notably 
higher in 2021 compared with 1990, particularly in the 
older age groups. The incidence of VFs among females 
surpassed that among males across all age groups for 
those aged 60  years and older in both 1990 and 2021 
(Fig.  5, panels A, B). In China, there was a notable 

increase in prevalence in 2021 compared to 1990, with 
a particularly rapid increase among the elderly popula-
tion. In 1990, the number of prevalent cases was higher 
in males under the age of 65, but higher in females aged 
65 and above. In 2021, the prevalence was higher in 
females aged 75 years and older (Fig. 4, panels C, D). A 
significant increase in prevalence was observed glob-
ally in 2021 compared to 1990, particularly among the 
elderly population. The number of prevalence cases was 
higher in males younger than 65  years, but higher in 
females aged 65 years and older in both 1990 and 2021 
(Fig. 5, panels C, D). In 2021, the YLDs increased signif-
icantly in China compared to 1990, with a rapid increase 
among the elderly population. In 1990, the YLDs were 
higher in males younger than 65  years but higher in 
females aged 65 years and older. In 2021, the YLDs were 
higher in females aged 75 years and older (Fig. 4, pan-
els E, F). Similar trends can be observed for global YLDs 
(Fig. 5, panels E, F).

APC model analysis of the incidence of VFs caused by falls 
in China
Figure 6 shows the trends in the incidence of VFs across 
various age groups, birth cohorts, and time periods in 
China. It can be observed that the overall incidence of 
VFs generally increased with age, regardless of the time 
period (Fig.  6, panel A). Meanwhile, the earlier birth 
cohort exhibited a lower incidence rate at younger ages, 
but this rate increased rapidly with age. In contrast, the 
later birth cohort demonstrated a relatively higher inci-
dence rate, with this rate increasing even more with age 
(Fig. 6, panel B). Additionally, the incidence rates were 
observed to be lower in the younger age groups, while 
in the older age groups, they were found to be high and 
increasing (Fig. 6, panel C). Furthermore, the incidence 
rates were relatively higher in older age groups in later 
birth cohorts, with a clear increasing trend as the birth 

Table 2  Original AAPCs and adjusted AAPCs of incidence, prevalence and YLDs for VFs in China and globally

The Adjusted Rate* indicates the age-standardised rate per 100,000 population, with the upper and lower limits of each indicator to ±20%
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cohort progressed (Fig.  6, panel D). Supplementary 
Fig.  1 and 2 illustrate a similar pattern in prevalence 
and YLD rates, which are also on a generally increasing 
trend with age.

Discussion
This study presented a detailed comparison of the inci-
dence, prevalence, and YLDs related to VFs caused by 
falls in China and globally along with their temporal 
trends during 1990–2021 using data from the GBD Study 
2021. In this analysis, we selected falls as the sole cause 
of VFs. Focusing on the effect of falls on VFs enables a 
more precise assessment of the impact of this risk factor 

on different populations, thereby enhancing the accuracy 
of the results.

The results of this study indicated an overall increase 
in the ASIR, ASPR and ASYR of VFs caused by falls in 
China from 1990 to 2021. This may be attributed to many 
reasons, including social, environmental or healthcare-
related factors. First of all, China has the largest elderly 
population in the world. Given that older individuals are 
more susceptible to falls, this directly contributes to the 
risk of VFs [20]. Furthermore, as more Chinese individu-
als reside in urban areas, the risk of falls in these envi-
ronments is increasing. Falls resulting from factors such 
as slippery floors, uneven surfaces, and high floors have 

Fig. 3  Comparison of incidence, prevalence, and YLD cases and their crude rates per 100,000 population across different age groups in China 
and globally in 1990 and 2021. (A, C, E) Trends in China. (B, D, F) Global trends. Bar graphs illustrate counts, and lines illustrate crude rates. 1990 
was shown in orange and 2021 in blue
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the potential to cause VFs. Secondly, China’s healthcare 
resources are distributed unevenly, with a notable lack of 
quality and accessibility in rural and remote areas. This 
has resulted in a delay in the diagnosis and treatment 
of falls-caused VFs among patients in these regions. In 
addition, enhancements in data reporting and monitor-
ing systems may have led to the inclusion of previously 
unrecorded vertebral fracture cases in the statistics, 
thereby increasing the burden. However, the global ASIR, 
ASPR, and ASYR for VFs resulting from falls exhibited an 
overall decline from 1990 to 2021, which was contrary to 
our expected results. The reasons are as follows. Firstly, 
the global population increased significantly by 47.2% 
(from 5.3 billion to 7.8 billion) from 1990 to 2021 [21]. 
The notable increase in the number of young people may 
account for the declining global trend, as young people 
are less likely to suffer VFs resulting from falls. Secondly, 

the term “Global” as used in the GBD study denotes the 
overall global levels of disease burden rather than not 
referring to specific regions or countries. This is the fact 
that some regions and countries exhibit an increasing 
trend, while others exhibit a decreasing trend. It is rea-
sonable to assume that countries with decreasing trends 
of falls-caused VFs may offset the impact of countries 
with increasing trends, thereby contributing to an overall 
global decline trend between 1990 and 2021.

In terms of gender, the study demonstrated that the 
ASIR, ASPR, and ASYR of VFs caused by falls were 
higher in males than in females, both in China and glob-
ally. This discrepancy may be attributed to the fact that 
a relatively higher proportion of males than females are 
engaged in high-risk physical work (e.g., construction) 
and strenuous exercise. These environments are complex 
and dangerous, with a high risk of injury from falls, which 

Fig. 4  Comparison of total cases of the incidence, prevalence, and YLDs of VFs caused by falls in males and females across different age groups 
in China in 1990 and 2021. The male was represented in red and the female in blue
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will increase the likelihood of VFs among males, leading 
to a higher overall disease burden. Regarding gender and 
age groups, the burden is heavier for the older population 
in China and globally, and the burden is higher for the 
older female population than for the older male popula-
tion. The reasons may be as follows. First of all, oestrogen 
is of critical importance in maintaining bone density and 
bone health, and oestrogen levels decline dramatically in 
older females after menopause [7]. Reduction in oestro-
gen levels increases the likelihood of developing osteopo-
rosis in females, thereby rendering them more vulnerable 
to falls and VFs [22]. Furthermore, sexual dimorphism, 
or the specific differences of sex, has been identified as 
an explanation for the greater susceptibility of females to 

osteoporosis compared to males [23]. This increases the 
possibility of older females suffering falls and VFs.

The APC analysis examined trends in the incidence, 
prevalence, and YLDs associated with VFs in China. 
Notably, the most significant increases in disease bur-
den were observed in older age groups and the later 
birth cohorts. These patterns may be influenced by fac-
tors such as population ageing, and social-environmental 
changes in China over the past few decades. In conclu-
sion, the results highlight the complex dynamics of VF 
metrics, revealing an increasing trend in incidence, prev-
alence, and YLDs.

At present, both global and Chinese populations are 
witnessing an ageing process [21]. In 2020, the World 
Health Organisation (WHO) and its Member States 

Fig. 5  Comparison of total cases of the global incidence, prevalence, and YLDs of VFs caused by falls in males and females across different age 
groups in 1990 and 2021. The male was represented in red and the female in blue
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declared 2021–2030 as “The Decade of Healthy Ageing” 
to improve the health and quality of life of the elderly 
in the present and future. Concurrently, the Chinese 
government has implemented the “Healthy China 2030 
Action Initiative” [24], which prioritises the health of 
the elderly. However, the rate of ageing in China is more 
rapid, which challenges its healthcare services. As the 
elderly population rises, so does the demand for medi-
cal resources, particularly in rural and remote areas, 
where the issue of unequal distribution of such resources 
is more pronounced. Meanwhile, as life expectancy 
increases, the number of older individuals requiring 
long-term care also increases, thereby placing greater 
demands on family and social care resources. Further-
more, older people are more susceptible to acute medi-
cal incidents, such as VFs caused by falls. Thus, targeted 
measures are crucial to address these issues. The Chinese 
government should augment its financial support and 
medical resources in rural and remote regions via pol-
icy guidance to enhance the quality and accessibility of 

medical services in these areas. Concurrently, the estab-
lishment and improvement of geriatric and long-term 
care systems should be promoted to reduce the burden 
of care on families and society and improve the quality of 
life of the elderly. Furthermore, it is necessary to reinforce 
the construction of emergency medical care systems and 
enhance the efficiency of emergency response for elderly 
individuals experiencing acute incidents. Finally, collabo-
ration between the government, medical institutions, 
communities and families should be promoted, to estab-
lish a comprehensive health protection system for the 
elderly.

Osteoporosis is a condition that results in the deterio-
ration of bone strength and structure, leading to fragil-
ity and an increased risk of fractures. VFs are typical 
fractures in osteoporosis [25]. An epidemiological study 
on osteoporosis in China found that the incidence of 
osteoporotic fractures steadily increased across main-
land China [26]. The study also revealed a higher preva-
lence among females, older age groups, and residents of 

Fig. 6  Age, period, and cohort effects on the incidence of VFs in China. A Age-specific incidence rates of VFs across different time periods; each line 
represents the incidence for a 5-year interval. B Age-specific incidence rates of VFs by birth cohort; each line represents the incidence for a 5-year 
cohort. C Period-specific incidence rates of VFs by age groups; each line represents the incidence for a 5-year age group. D Birth cohort-specific 
incidence rates of VFs by age groups; each line represents the incidence for a 5-year age group
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northern regions in China. It is therefore imperative that 
effective measures be taken to address the issue of osteo-
porosis in China, to reduce the risk of VFs. One research 
demonstrated exercise programmes that incorporate bal-
ance, functional and resistance training as efficacious 
interventions for reducing falls in older adults [27]. More-
over, implementing the “5E” injury prevention strategy 
in six pilot villages in two Chinese provinces has demon-
strated a decrease in both the occurrence of falls and the 
probability of subsequent falls [28]. The successful expe-
rience could be extended to the whole country. Further-
more, the utilisation of advanced diagnostic techniques, 
including dual-energy X-ray absorptiometry (DXA), com-
puted tomography (CT), and magnetic resonance imaging 
(MRI), enables the precise assessment of bone density and 
bone health [29]. This has facilitated the early identifica-
tion of osteoporosis, allowing for timely interventions to 
reduce the risk of VFs before the manifestation of symp-
toms. Concurrently, the use of bisphosphonates, bone-
forming drugs (such as denosumab and teriparatide) and 
novel regenerative medicine treatments such as cell thera-
pies and bioactive hydrogels, has been demonstrated to be 
efficacious in the treatment of osteoporosis [30, 31].

The Fracture Liaison Service (FLS) plays a crucial 
role in the management of fractures. FLS is a system-
atic method aimed at improving the quality of life of 
patients with osteoporosis, which has been proven to 
prevent subsequent fractures, as well as reduce mortal-
ity and cost-effectiveness [32]. FLS is typically imple-
mented by a multidisciplinary team including doctors, 
nurses, physiotherapists and others, who collaborate to 
ensure the coordination and efficacy of patient care [33]. 
In China, the concept and practice of FLS are gradually 
being promoted and applied. It is anticipated that the FLS 
will become more widespread in China by raising public 
awareness, strengthening the training of healthcare pro-
fessionals, and optimising resource allocation and policy 
support. This will contribute to an improvement in the 
quality of life for people with osteoporosis.

The ageing situation in China is not optimistic, which 
will inevitably lead to an increase in the burdens borne 
by families and the public healthcare system [34]. To 
effectively address the challenges posed by China’s rap-
idly ageing population, it is necessary to adopt multi-
faceted approaches that consider the burden of ageing 
and associated fall risks. It is recommended that chan-
nels such as television, radio, and social media be used 
to disseminate knowledge about the prevention and 
treatment of osteoporosis and related fractures. Fur-
thermore, targeted public education activities, such as 
health fairs and online education programmes, should 
be conducted to raise public awareness of osteoporo-
sis and VFs. It is also advised that continuing medical 

education programmes be provided for medical pro-
fessionals on the latest advances in the diagnosis and 
treatment of osteoporosis and its complications. 
Finally, multidisciplinary teamwork, including ortho-
paedics, endocrinology, geriatrics, and rehabilitation, 
should be encouraged to work together to provide com-
prehensive care for patients with VFs.

Limitations
This study faced several limitations that should be 
acknowledged. The quality of GBD data depends on 
the completeness and consistency of raw data across 
regions. In some areas, such as rural and remote 
regions of China, disease surveillance data coverage is 
limited, which may result in estimates that differ from 
the actual situation. In addition, differences in disease 
coding standards and data collection methods between 
countries and regions may further increase data uncer-
tainty. It is therefore recommended that caution be 
exercised when concluding the GBD database, and that 
the importance of validating GBD results with the orig-
inal data from other sources should be emphasised.

The accuracy of the DisMod-MR model is depend-
ent on data quality. The model estimates may be insuf-
ficiently precise in areas where data are scarce or of low 
quality. This may result in deviations in model outputs 
from the actual situation. In addition, the DisMod-MR 
model is based on predefined model structures and 
parameters, which may constrain their adaptability to 
emerging health issues or rapidly changing data, par-
ticularly in the case of rapidly evolving disease preva-
lence trends, the model may not be able to capture 
these shifts promptly. It is recommended that future 
studies employ various models for comparative analy-
ses, thereby reducing reliance on the output of a single 
model and enhancing the reliability of the estimates.

Furthermore, in the past decades, the development of 
imaging technologies in China, particularly the applica-
tion of artificial intelligence in diagnostic imaging, pos-
sibly has had a significant impact on the diagnosis rate 
of VFs [35, 36]. This technological progress may artifi-
cially inflate incidence and prevalence rates, rather than 
reflecting a true change in disease burden. It is recom-
mended that future studies should develop and adapt 
statistical models to correct for any potential biases that 
may be introduced by advances in imaging technology.

Conclusions
This study utilised the GBD 2021 database to comprehen-
sively analyse trends in VFs resulting from falls in China 
and globally by gender and age. The results demonstrated 
an unequal distribution of disease burdens between 
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China and worldwide, as well as divergent trends over 
time. However, it is important to acknowledge the inher-
ent limitations of the GBD database and the DisMod-MR 
model. Consequently, our findings should be under-
stood with caution, and regional realities must be taken 
into account when implementing specific interventions. 
Future researchers should employ the data critically and 
integrate evidence from other sources to develop more 
comprehensive and effective health strategies. In conclu-
sion, the GBD 2021 database provides a robust tool for 
understanding and addressing the burden of falls-caused 
VFs in China and globally.
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