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Global, regional, and national trends in spinal fracture 
burden from 1990 to 2021 and projections to 2050
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A b s t r a c t 

Introduction: Spinal fractures (SF) remain a  major global cause of disability. 
This study aimed to quantify the global incidence, prevalence, and burden of SF 
in 2021, along with temporal trends from 1990 to 2021. These trends are strati-
fied by location, age, sex, and Socio-Demographic Index (SDI). Furthermore, the 
study provides projections for the burden of SF over the next 30 years.
Material and methods: Data for this study were obtained from the 2021 Glob-
al Burden of Disease Study (GBD). To quantify temporal patterns and evalu-
ate trends in age-standardized rates (ASR) of SF prevalence (ASPR), incidence 
(ASIR), and age-standardized years lived with disability (ASYR), estimated an-
nual percentage changes (EAPCs) were calculated for the study period. The 
analyses were stratified by gender, 20 age categories, 21 GBD regions, 204 
countries/territories, and 5 SDI quintiles. Statistical analyses and plot visual-
izations were performed using the R statistical package (version 4.4.2).
Results: In 2021, the global burden of SF remained considerable, with a to-
tal of 3.4 million cases and an ASPR of 65.19 cases per 100,000 individu-
als (95% uncertainty interval [UI]: 56.89–75.28). The ASIR was 92.75 per 
100,000 individuals (95% UI: 72.12–119.99), while the ASYR was 6.62 per 
100,000 individuals (95% UI: 4.43–9.2). Regionally, the highest ASPR, ASIR, 
and ASYR were observed in high SDI regions, while the lowest rates were 
found in low SDI regions. 
Conclusions: Geographically, Australasia exhibited the highest ASIR and 
ASPR, while the Caribbean had the highest ASYR. Among countries, New Zea-
land had the highest ASIR, and Andorra showed the highest ASPR and ASYR.

Key words: spinal fractures, incidence, prevalence, years lived with 
disability, GBD 2021.

Introduction

Spinal fractures (SF), also referred to as vertebral fractures, are pro-
foundly disabling [1], posing a grave threat to both quality of life and 
life expectancy, while also imposing a substantial economic burden on 
healthcare systems and affected individuals [2–4]. In the United States, 
for instance, the annual economic burden of SF is estimated to exceed 
$9.7 billion [5, 6]. In 2019, the global prevalence of SF was reported to 
reach 5.16 million cases, accompanied by 0.53 million years lived with 
disability (YLDs) [7]. High-energy traumatic injuries are the predominant 
cause of SF in younger individuals [8, 9], whereas low-energy fractures 
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are more prevalent in older populations and are 
widely regarded as a characteristic manifestation 
of osteoporotic fractures [10]. Despite significant 
advances in prevention, diagnosis, and treatment, 
the global burden of SF remains substantial, with 
notable disparities evident across various regions 
and socioeconomic strata.

Previous studies have examined the global 
epidemiology of SF using data from the Global 
Burden of Disease Study (GBD). The GBD 2019 
analysis demonstrated a  significant reduction 
in age-standardized rates (ASR) of SF incidence, 
prevalence, and YLDs from 1990 to 2019 [7]. How-
ever, the total number of incidences, prevalences, 
and YLDs increased over this period, primarily 
driven by population growth and aging. The anal-
ysis also revealed persistent disparities across 
geographic regions and Socio-Demographic Index 
(SDI) quintiles. Despite these insights, a compre-
hensive evaluation of the global burden of SF and 
projections of future SF trends using the latest 
GBD 2021 data remain lacking.

To bridge this knowledge gap, the present study 
was undertaken to assess trends in the preva-
lence, incidence, and YLDs attributable to SF from 
1990 to 2021 at global, regional, and national lev-
els, and to project these metrics for the next three 
decades. Our analyses were stratified by sex, age, 
and SDI to identify the populations most impacted 
by SF and to guide the development of targeted 
prevention and treatment strategies.

Material and methods

Data source

This study leveraged the most recent epidemi-
ological data from the GBD 2021 study and em-
ployed a well-established, standardized methodol-
ogy in alignment with the Guidelines for Accurate 
and Transparent Reporting of Health Estimates 
(GATHER) to evaluate the burden of SF [11, 12]. 
The definition of SF within the GBD study was 
based on the International Classification of Dis-
eases (ICD) codes (ICD-9 and ICD-10). Data sources 
for SF in this study encompassed hospital records, 
emergency department reports, insurance claims, 
surveys, and vital registration systems from multi-
ple countries [13]. The SF data were meticulously 
processed, and access to the GBD data is publicly 
available [13].

Data estimation and modeling

The GBD study employed advanced modeling 
techniques to process raw data. During this pro-
cess, the incidence and prevalence of diseases 
were estimated using the DisMod-MR 2.1 tool 
(a  Bayesian meta-regression for disease model-
ing). This Bayesian geospatial software facilitates 

a thorough analysis of disease parameters, epide-
miological relationships, and geospatial data [11]. 
To calculate the YLDs due to SF, long-term and 
short-term prevalence rates were multiplied by 
disability weights to derive the YLDs [7, 14, 15]. 
Detailed methodologies for these calculations are 
outlined in previous publications [7].

Incidence, prevalence, YLDs

This study presents the incidence, prevalence, 
and YLDs attributable to SF from 1990 to 2021, along 
with temporal trends disaggregated by region, sex, 
age, and SDI. SF incidence is defined as the num-
ber of new cases of SF arising from a specific cause 
within a defined population over a designated time 
period. SF prevalence refers to the proportion of the 
population affected by SF during a particular time-
frame and geographic location. YLDs quantify the 
number of years an individual endures either short- 
or long-term disability, serving as a metric for the 
burden of SF-related disability.

Socio‑demographic Index

In this study, countries and regions worldwide 
are categorized into five SDI groups: low, low-me-
dium, medium, medium-high, and high. This clas-
sification facilitates an analysis of the relationship 
between socio-economic development and SF, as 
the SDI quantifies a country’s or region’s develop-
ment based on fertility rates, educational attain-
ment, and per capita income. Specifically, the SDI 
ranges from 0 to 1, with higher values reflecting 
greater levels of socioeconomic development [11].

Statistical analysis

This study used age-standardized prevalence 
rate (ASPR), age-standardized incidence rate 
(ASIR), and age-standardized years lived with dis-
ability (ASYR), along with 95% uncertainty interval 
(UI), to assess the epidemiology and burden of SF. 
Temporal trends in ASIR, ASPR, and ASYR for SF 
were examined using the estimated annual per-
centage changes (EAPCs). The 95% UI was derived 
through the Bayesian-based model DisMod-MR 
2.1 during the estimation process. Linear regres-
sion modeling was applied to calculate the 95% 
confidence intervals (95% CI) for the EAPC [16]. 
The equation used was: Y = α + βX + e, where  
Y represents the natural logarithm of the age-stan-
dardized rate (ASR), X signifies the calendar year, 
α is the intercept term, β denotes the slope, and 
e is the error term. The EAPC is calculated as  
100 × [exp(β) – 1], reflecting the annual percent-
age change. If the EAPC value and its lower limit 
of the 95% CI are both above zero, the ASR was 
considered to exhibit an upward trend; otherwise, 
the trend was deemed downward.
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Prediction of the global burden of SF 
disease

Using time series data, the autoregressive inte-
grated moving average (ARIMA) model and the ex-
ponential smoothing (ES) model were employed to 
forecast the burden of SF from 2020 to 2050. The 
ARIMA model is a  statistical technique that ana-
lyzes and predicts time series data by incorporat-
ing autoregressive, integrated, and moving average 
components [17]. The ES model is a  forecasting 
method for time series that relies on a weighted 
average approach [18], predicting future values by 
computing an exponentially weighted average of 
past data points. All analyses and visualizations 
were conducted using the World Health Organiza-
tion’s Health Equity Assessment Toolkit and R sta-
tistical computing software (version 4.4.1).

Results

1990–2021 global SF disease burden 

In 2021, the global burden of SF remained sub-
stantial, with a  total of 3.4 million cases (95% 
UI: 2.958–3.926 million), representing a  58.0% 
increase compared to 1990. Despite the notable 
rise in the absolute number of cases, the ASPR 
declined from 81.55 cases per 100,000 individu-
als (95% UI: 71.55–93.04) in 1990 to 65.19 cases 
per 100,000 individuals (95% UI: 56.89–75.28) in 
2021. The EAPC for the ASPR was –0.32 (95% CI:  
–0.53 to –0.12) (Table I, Figure 1). The global 
ASIR decreased from 115.75 per 100,000 (95% 
UI: 91.28–145.92) in 1990 to 92.75 per 100,000  
(95% UI: 72.12–119.99) in 2021. The total num-
ber of incidents rose from 5.856 million (95% UI:  
4.615–7.403 million) in 1990 to 7.497 million 
(95% UI: 5.835–9.737 million) in 2021, reflecting 
a  28.0% increase. Throughout the study period, 
the EAPC for the ASIR was –0.64 (95% CI: –0.7 to 
–0.59), signifying a  consistent decline in the in-
cidence rate of SF (Table I, Figure 1). The global 
YLDs due to SF in 2021 amounted to 0.550 million  
(95% UI: 0.367–0.757 million), with an ASYR of 
6.62 per 100,000 (95% UI: 4.43–9.2), and an EAPC 
of –0.37 (95% CI: –0.56 to –0.18) (Table I, Figure 1).

Regional SF disease burden 

The global burden of SF reveals substantial 
regional disparities, which are closely linked to 
the SDI. The ASPR exhibited pronounced region-
al differences, with high SDI regions reporting the 
highest prevalence at 131.65 per 100,000 individ-
uals (95% UI: 114.84–149.24), in contrast to the 
lowest prevalence in low SDI regions, which stood 
at 33.49 per 100,000 individuals (95% UI: 27.67–
41.42) (Table I, Figure 2). The most significant re-
ductions in prevalence occurred in high-middle SDI 

regions, where the EAPC was –1.01 (95% CI: –1.09 
to –0.92). In these regions, the ASPR declined from 
83.07 per 100,000 (95% UI: 72.53–95.12) in 1990 
to 64.26 per 100,000 (95% UI: 55.80–74.54) in 
2021, suggesting the success of preventive and 
management strategies (Table I, Figure 2). Con-
versely, low SDI regions exhibited the least sub-
stantial reductions, with an EAPC of –0.04 (95% CI: 
–0.15 to 0.06), indicating that the burden of SF re-
mains persistent in these areas (Table I, Figure 2).  
The ASIR further accentuates these regional 
contrasts. High SDI regions reported the highest 
ASIR, at 157.17 per 100,000 individuals (95% UI: 
119.04–207.76), compared to 63.4 per 100,000 in-
dividuals (95% UI: 49.74–80.95) in low SDI regions 
(Table I, Figure 2). This stark disparity underscores 
the inequities in access to primary healthcare and 
subsequent outcomes. These regional variations 
are further illustrated by the ASYR, with high 
SDI regions bearing the heaviest burden, reflect-
ed by an ASYR of 13.36 per 100,000 individuals  
(95% UI: 8.95–18.51), while low SDI regions ex-
hibited the lowest burden at 3.44 per 100,000 in-
dividuals (95% UI: 2.39–4.87) (Table I, Figure 2). 
Collectively, these findings underscore the intri-
cate interplay between sociodemographic factors 
and SF outcomes, indicating that while substan-
tial progress has been achieved in reducing the 
prevalence and impact of SF in high SDI regions, 
considerable challenges remain in low SDI areas.

Our findings indicate that the Australasia re-
gions bear the greatest burden of SF prevalence 
globally (Table I, Supplementary Figure S1). Spe-
cifically, Australasia reported the highest ASPR at 
182.32 per 100,000 individuals (95% UI: 158.11–
208.92), closely followed by high-income regions 
of North America, which exhibited an ASPR of 
157.60 per 100,000 individuals (95% UI: 138.08–
178.17) (Table I, Figure 3 A). The North American 
regions, in turn, also demonstrated a notably high 
ASPR of 157.57 per 100,000 individuals (95% UI:  
138.05–178.13), securing the third position 
among the studied regions. The elevated ASPR 
in Australasia, high-income North America, and 
North American regions may be attributed to in-
adequate regulation and enforcement of preven-
tive measures.

Our analysis underscores the urgent need for 
attention to the incidence of SF in Europe (Table I, 
Supplementary Figure S1). The findings reveal that 
Western Europe and Eastern Europe are among 
the regions with the highest ASIR globally. Specif-
ically, Western Europe reported an ASIR of 177.62 
per 100,000 individuals (95% UI: 128.55–243.91), 
while Eastern Europe exhibited an ASIR of 168.73 
per 100,000 individuals (95% UI: 130.9–221.27). 
These rates ranked second and third, respectively, 
only surpassed by the Australasia regions, which 
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Table I. Global and regional trends in SF burden: prevalence (1990–2021)

Location 1990 2021 EAPC_95%CI

Number ASR Number ASR

Prevalence

Global 3400460 
(2958279–
3925843)

81.55 
(71.55–93.04)

5371438 
(4703837–
6196132)

65.19 
(56.89–75.28)

–0.32 
(–0.53––0.12)

High-middle SDI 819302 
(710171–
945556)

83.07 
(72.53–95.12)

1086362 
(953352–
1244962)

64.26 
(55.8–74.54)

–1.01 
(–1.09––0.92)

High SDI 1602083 
(1418256–
1794032)

156.1 
(137.89–174.99)

2469882 
(2144431–
2817433)

131.65 
(114.84–149.24)

–0.61 
(–0.63––0.59)

Low-middle SDI 316183 
(253324–
389439)

38.55 
(32.22–45.39)

567486 
(471693–
669476)

36.65 
(31.13–42.92)

–0.26 
(–0.32––0.19)

Low SDI 121291 
(90884–
166601)

33.91 
(27.73–43.43)

246714 
(190571–
325486)

33.49 
(27.67–41.42)

–0.04 
(–0.15–0.06)

Middle SDI 538131 
(438957–
652717)

39.7 
(33.66–46.41)

996724 
(846944–
1163380)

39.57 
(33.59–46.45)

–0.05 
(–0.14–0.04)

Advanced Health 
System

2190144 
(1933975–
2454689)

145.83 
(128.22–165.17)

3082311 
(2684185–
3499676)

122.84 
(106.99–140.14)

–0.05 
(–0.48–0.38)

Africa 147968 
(113972–
194626)

31.1 
(25.56–38.03)

254007 
(203935–
314130)

26.6 
(22.39–31.69)

–0.66 
(–1.13––0.19)

African Region 110069 
(83901–
147308)

29.05 
(23.97–35.9)

190207 
(150796–
238534)

24.7 
(20.64–29.67)

–0.77 
(–1.28––0.25)

America 742794 
(653443–
845340)

115.49 
(102.19–130.14)

1303854 
(1138984–
1470467)

102.35 
(89.05–116.25)

0.18 
(0.03–0.32)

Andean Latin America 11189 
(8632–14621)

35.24 
(28.42–43.9)

20589 
(16961–25108)

32.29 
(26.87–39.16)

0.08 
(–0.11–0.27)

Asia 1197126 
(1012746–
1412641)

51.01 
(44.34–58.68)

2248522 
(1933550–
2609314)

47.5 
(40.9–55.3)

0.18 
(–0.08–0.44)

Australasia 43067 
(38208–49016)

196.89 
(174.25–224.91)

86326 
(74702–98843)

182.32 
(158.11–208.92)

0.48 
(0.12–0.85)

Basic Health System 767969 
(633100–
915692)

41.19 
(35.21–47.78)

1380919 
(1183891–
1600623)

40.61 
(34.62–47.32)

0.39 
(0.21–0.57)

Caribbean 10229 
(8375–12362)

34.05 
(28.69–40.37)

21949 
(18704–25857)

42.64 
(36.12–50.54)

1.22 
(0.91–1.54)

Central Africa 10056 
(7937–12269)

22.5 
(19.2–26.1)

29125 
(22473–37838)

26.41 
(21.47–32.94)

–0.21 
(–0.81–0.4)

Central Asia 27995 
(22017–34946)

45.45 
(36.96–55.12)

34439 
(27868–42185)

37.62 
(30.74–45.71)

–0.62 
(–0.75––0.49)

Central Europe 123290 
(102594–
148815)

93.37 
(77.43–113.72)

116959 
(100857–
137786)

71.09 
(58.61–87.02)

–0.55 
(–0.84––0.25)

Central Latin America 75567 
(59109–94294)

58.28 
(48.51–69.95)

103659 
(87349–124125)

40.95 
(34.49–49.06)

–0.35 
(–0.6––0.11)

Central Sub-Saharan 
Africa

9839 
(7674–12606)

25.31 
(21.06–30.39)

23216 
(18095–29626)

25.97 
(21.33–32.14)

–0.6 
(–1.19––0.02)
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Location 1990 2021 EAPC_95%CI

Number ASR Number ASR

Commonwealth High 
Income

201098 
(177701–
225003)

148.71 
(131.13–167.98)

338670 
(292332–
390336)

140.4 
(122.12–160.88)

0.42 
(–0.05–0.9)

Commonwealth Low 
Income

30567 
(23695–39815)

19.51 
(16.11–23.89)

58875 
(47081–72742)

19.32 
(16.03–23.37)

–0.67 
(–1.16––0.17)

Commonwealth Middle 
Income

323626 
(260533–
389347)

41.39 
(34.8–48.75)

672842 
(557781–
803491)

41.85 
(35.49–49.81)

0.2 
(–0.29–0.68)

East Asia 347489 
(287374–
411101)

34.8 
(29.75–40.39)

732220 
(632696–
852696)

39.83 
(33.85–46.73)

0.88 
(0.61–1.15)

East Asia & Pacific – WB 797232 
(690674–
915528)

54.64 
(48.02–62.2)

1414696 
(1243086–
1628908)

48.41 
(42.06–56.13)

0.17 
(–0.04–0.37)

Eastern Africa 50341 
(34202–77711)

35.63 
(27.21–49.16)

67349 
(51048–91919)

26.24 
(21.3–33.71)

–0.98 
(–1.53––0.43)

Eastern Europe 215211 
(180063–
258946)

87.28 
(71.85–106.35)

190639 
(162961–
224778)

72.13 
(59.51–87.22)

–0.7 
(–1.03––0.37)

Eastern Mediterranean 
Region

122727 
(96231–
159544)

41.65 
(34.08–51.83)

257920 
(201825–
335073)

40.7 
(33.1–51.46)

0.33 
(0.02–0.63)

Eastern Sub-Saharan 
Africa

49895 
(34068–76380)

33.02 
(25.13–45.62)

69295 
(52053–95131)

25.57 
(20.56–33.54)

–0.99 
(–1.57––0.4)

Europe 1307800 
(1141839–
1485502)

141.01 
(122.76–162.65)

1558605 
(1351031–
1778491)

113.74 
(98.5–131.53)

–0.25 
(–0.67–0.18)

Europe & Central Asia 
– WB

1325761 
(1156261–
1507751)

137.65 
(119.8–158.77)

1581896 
(1370681–
1804932)

110.28 
(95.44–127.44)

–0.29 
(–0.68–0.09)

European Region 1333300 
(1162878–
1516593)

137.45 
(119.63–158.54)

1596813 
(1384230–
1821679)

110.25 
(95.42–127.39)

–0.29 
(–0.68–0.09)

High-income Asia Pacific 293045 
(262800–
328979)

153.14 
(136.73–172.58)

402262 
(355326–
451412)

107.14 
(95.11–121.49)

–0.38 
(–0.97–0.22)

High-income North 
America

518876 
(460240–
580940)

157.26 
(139.37–176.33)

948836 
(822350–
1080753)

157.6 
(138.08–178.17)

0.53 
(0.09–0.97)

Latin America & 
Caribbean – WB

225256 
(185238–
272064)

64.34 
(55.16–75.01)

357235 
(309606–
413746)

51.87 
(44.86–60.33)

–0.13 
(–0.32–0.06)

Limited Health System 406219 
(322003–
504318)

38.55 
(32.25–45.71)

825586 
(682604–
987097)

38.74 
(32.8–45.88)

0.1 
(–0.4–0.61)

Middle East & North 
Africa – WB

105693 
(83857–
132402)

53.59 
(44.84–64.22)

208500 
(168426–
260415)

49.37 
(40.64–60.15)

0.26 
(–0.03–0.56)

Minimal Health System 32658 
(22430–52189)

31.88 
(23.7–48.3)

78351 
(55610–116572)

33.84 
(25.53–48.36)

–0.3 
(–0.79–0.2)

North Africa and Middle 
East

127975 
(100454–
164952)

46.75 
(38.24–57.96)

258874 
(204786–
333164)

46.08 
(37.31–57.72)

0.37 
(0.13–0.61)

Table I. Cont.
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Location 1990 2021 EAPC_95%CI

Number ASR Number ASR

North America 518795 
(460168–
580844)

157.23 
(139.34–176.3)

948729 
(822257–
1080633)

157.57 
(138.05–178.13)

0.53 
(0.09–0.97)

Northern Africa 37897 
(29970–46579)

39.68 
(33.02–46.78)

62632 
(51187–74497)

34.59 
(29.2–40.58)

–0.31 
(–0.57––0.05)

Oceania 1099 
(879–1332)

25.82 
(22.07–30.06)

3015 
(2451–3632)

31.39 
(26.72–36.65)

0.46 
(–0.13–1.05)

Region of the Americas 742794 
(653443–
845340)

115.49 
(102.19–130.14)

1303854 
(1138984–
1470467)

102.35 
(89.05–116.25)

0.18 
(0.03–0.32)

South-East Asia Region 366444 
(296005–
444091)

41.46 
(34.73–48.74)

720550 
(599500–
860759)

40.29 
(34.14–48.03)

0.16 
(–0.25–0.57)

South Asia 296596 
(238796–
359584)

41.55 
(34.95–49.08)

625367 
(518858–
748472)

42.04 
(35.53–50.11)

0.25 
(–0.22–0.73)

South Asia – WB 312784 
(250705–
387367)

42.06 
(35.2–49.99)

662858 
(548708–
789921)

43.04 
(36.2–51.25)

0.27 
(–0.19–0.73)

Southeast Asia 120892 
(96360–
151618)

34.11 
(28.72–40.69)

202255 
(170360–
239427)

31.12 
(26.53–36.58)

0 
(–0.29–0.28)

Southern Africa 23438 
(18634–29877)

33.15 
(27.7–39.97)

33633 
(27531–41167)

25.09 
(21.37–29.8)

–1.14 
(–1.56––0.72)

Southern Latin America 53876 
(47984–60573)

115.51 
(103.12–129.32)

91462 
(82273–102207)

114.53 
(101.87–129.44)

0.34 
(0.22–0.46)

Southern Sub-Saharan 
Africa

14225 
(11574–17083)

35.73 
(30.27–41.44)

18239 
(15229–21548)

25.56 
(21.8–29.61)

–1.01 
(–1.31––0.72)

Sub-Saharan Africa – 
WB

110346 
(83334–
150689)

28.83 
(23.65–36.19)

191819 
(151078–
242624)

24.7 
(20.54–29.97)

–0.72 
(–1.23––0.2)

Tropical Latin America 74760 
(59826–92363)

59.75 
(49.65–71.5)

120349 
(101926–
142082)

49.15 
(41.4–58.44)

–0.2 
(–0.35––0.05)

Western Africa 26236 
(20524–32496)

21.95 
(18.48–25.78)

61268 
(49007–75734)

22.43 
(19.07–26.13)

–0.15 
(–0.72–0.42)

Western Europe 956120 
(836666–
1080019)

188.54 
(164.92–212.98)

1232001 
(1066030–
1413658)

151.43 
(131.99–172.21)

–0.19 
(–0.79–0.41)

Western Pacific Region 713014 
(620742–
816430)

58.33 
(51.42–66.22)

1287115 
(1127353–
1475386)

51.82 
(45.03–59.87)

0.23 
(0.01–0.45)

Western Sub-Saharan 
Africa

29225 
(22896–36309)

22.07 
(18.6–26.13)

69487 
(55451–85899)

22.6 
(19.2–26.36)

–0.14 
(–0.71–0.44)

Table I. Cont.

had an ASIR of 232.18 per 100,000 individuals 
(95% UI: 174.33–303.58). In stark contrast, Com-
monwealth Low-Income regions had the lowest 
ASIR at 38.33 per 100,000 individuals (95% UI: 
30.09–49.26) (Table I, Figure 3). Furthermore, tem-
poral trends from 1990 to 2021 reveal divergent 
patterns within Europe. Western Europe experi-
enced the smallest decline in ASIR, with an EAPC 
of –0.53 (95% CI: –0.73 to –0.33), whereas East-

ern Europe demonstrated the most pronounced 
decrease, with an EAPC of –1.02 (95% CI: –1.25 
to –0.8) (Table I). These contrasting trends high-
light the complex and region-specific dynamics 
of SF incidence within Europe, underscoring the 
necessity for targeted interventions and further 
research to address these disparities.

From 1990 to 2021, the ASYR due to SF in-
creased the most in the Caribbean (EAPC: 1.15, 
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Figure 1. Trends in SF prevalence (A), incidence (B),  
and years lived with disability (C) from 1990 to 
2021
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Figure 2. Trends in SF prevalence, incidence, and 
years lived with disability from 1990 to 2021
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Figure 3. The global disease burden of SF for both sexes in 204 countries and territories. A – Number of incident 
cases, prevalent cases, and years lived with disability

A Number of incidence cases

Number of prevalence cases

Number of YLDs
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Figure 3. Cont. B – Rates of incidence, prevalence, and years lived with disability

B Age-standardized incidence rate
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Figure 3. Cont. C – Changes in the number of incident cases, prevalent cases, and years lived with disability

C Change in the number of incidence cases
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Change in the number of YLDs cases
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Figure 3. Cont. D – EAPC of incidence, prevalence, and years lived with disability

D Age-standardized incidence rate
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95% CI: 0.82–1.48) and decreased the most in 
Southern Africa (EAPC: –1.16, 95% CI: –1.55 to 
–0.76) (Table I, Figure 3, Supplementary Figure S1). 
The high ASYR in the Caribbean may be attributed 
to factors such as armed conflict.

National SF disease burden 

The geographic distribution heat map (Figure 3) 
reveals substantial variation in the disease burden 
of SF across countries in 2021. The five countries 
with the highest incidence were China (1,194,465 
cases), India (1,141,146 cases), the United States 
of America (679,567 cases), the Russian Federation 
(248,916 cases), and Brazil (243,009 cases) (Figure 
3 A). When adjusted for age and population, the top 
five countries with the highest ASIR per 100,000 in-
dividuals were New Zealand (252.30 per 100,000), 
Finland (241.64 per 100,000), Belgium (233.36 
per 100,000), Australia (227.85 per 100,000), and 
France (217.73 per 100,000) (Figure 3 B).

In terms of prevalence, the top five countries 
with the highest burden of SF were the United 
States of America (851,924 cases), China (717,078 
cases), India (553,007 cases), Japan (265,088 cas-
es), and Germany (252,146 cases) (Figure 3 A). 
After adjusting for age and population, the five 
countries with the highest ASPR per 100,000 in-
dividuals were Andorra (240.56 per 100,000), Bel-
gium (210.26 per 100,000), Finland (206.82 per 
100,000), Greenland (192.89 per 100,000), and 
New Zealand (190.38 per 100,000) (Figure 3 B).

Regarding YLDs due to SF, the top five countries 
were the United States of America (83,891 cases), 
China (74,079 cases), India (56,954 cases), Japan 
(26,446 cases), and Germany (24,987 cases) (Fig-
ure 3 A). After adjusting for age and population, 
the countries with the highest ASYR per 100,000 
individuals were Andorra (24.33 per 100,000), 
Belgium (21.34 per 100,000), Finland (21.06 per 
100,000), Greenland (19.48 per 100,000), and 
New Zealand (19.48 per 100,000) (Figure 3 B).

Afghanistan exhibited the most dramatic in-
crease in incident cases, with an astounding 628% 
rise, while Eritrea recorded a 76% reduction (Figure 
3 C). Similarly, the United Arab Emirates saw the 
greatest increase in prevalent cases, with a 578% 
increase, whereas Eritrea experienced a 48% de-
cline (Figure 3 C). Furthermore, the United Arab 
Emirates also had the most significant rise in the 
number of YLDs, with a 575% increase, while Er-
itrea experienced a 51% decrease (Figure 3 C).

When adjusted for age and population, the 
countries with the highest EAPC in incidence were 
the Syrian Arab Republic (5.24 per 100,000), Ye-
men (2.38 per 100,000), Libya (1.84 per 100,000), 
the Central African Republic (1.71 per 100,000), 
and Afghanistan (1.63 per 100,000) (Figure 3 D). 
Similarly, the countries with the highest EAPC in 

prevalence were the Syrian Arab Republic (5.28 
per 100,000), Haiti (2.08 per 100,000), Libya (1.93 
per 100,000), Yemen (1.68 per 100,000), and 
Bhutan (1.65 per 100,000) (Figure 3 D). Finally, 
the countries with the highest EAPC in YLDs were 
the Syrian Arab Republic (5.27 per 100,000), Hai-
ti (1.94 per 100,000), Libya (1.88 per 100,000), 
Yemen (1.70 per 100,000), and Bhutan (1.56 per 
100,000) (Figure 3 D).

Global age and sex distribution of SF 
disease burden 

The global ASPR, ASIR, and ASYR for SF con-
sistently rose with advancing age (Figure 4 A). 
Notably, the number of incident cases of SF rose 
markedly with age, peaking between the ages of  
20 and 39 years before declining after the age of 
60 (Figure 4 B). In contrast, the number of prev-
alent cases of SF increased gradually with age, 
reaching a peak between 65 and 84 years before 
declining thereafter (Figure 4 B). The number of 
YLDs exhibited a similar upward trend with age, 
peaking between 65 and 84 years before subse-
quently decreasing (Figure 4 B).

In 2021, the ASPR of SF exhibited a  progres-
sive increase with advancing age, reaching a peak 
among those aged 95 years and older (Figure 4 A).  
While the ASPR for male and female was compa-
rable at ages 5 to 19 and 69 to 74, male consis-
tently exhibited higher ASPR than female at ages 
20 to 68; in individuals aged 95 years and older, 
the ASPR was consistently higher in females com-
pared to males (Figure 5 A). Similarly, the ASIR 
of SF in 2021 exhibited a gradual rise with age, 
reaching a peak in individuals aged 95 years and 
older. Among the population aged 5 years and 
older, the incidence in males progressively sur-
passed that in females, while in those aged 65 
years and older, the difference between the sexes 
was reversed (Figure 5 B). YLDs also exhibited an 
upward trend in 2021 relative to 1990, with ASR 
being greater in women than in men after the age 
of 75 (Figure 5 C).

Future forecasts of global burden of SF

We have projected the future disease burden 
of SF from 2022 to 2050 using both the ARIMA 
and ES models. Due to their differing sensitivities 
to time-series data, the projected values from 
the two models diverge. According to the ARIMA 
model, the global ASPR of SF is expected to de-
cline to approximately 100.59 cases per 100,000 
population by 2050 (Figure 6 A). Specifically, the 
prevalence in males is projected to decrease to 
53.21 cases per 100,000, while in females, it is ex-
pected to decrease to approximately 47.38 cases 
per 100,000. The ASIR is anticipated to decrease 
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Figure 4. Numbers of SF patients with incidence, 
prevalence, and YLDs and their ASR in each age 
group (per 5-year). A – Rates of incidence, preva-
lence, and years lived with disability. B – Numbers 
of incident cases, prevalent cases, and years lived 
with disability
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Figure 5. Numbers of SF patients of each age group (per 5-year cohort) in males and females with incidence, prev-
alence, and YLDs and their ASR
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Figure 6. Future forecasts of global burden of SF. 
A – ARIMA. B – ES
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to about 141 cases per 100,000 population, with 
males experiencing a reduction to 80.13 cases per 
100,000 and females to 60.87 cases per 100,000. 
The ASYR for SF is projected to decline to approx-
imately 10.12 cases per 100,000 population, with 
males at 5.40 cases per 100,000 and females at 
4.72 cases per 100,000. In contrast, the ES model 
predicts a  substantial change in the global bur-
den of SF from 2022 to 2050, with varying trends 
across different indicators (Figure 6 B). The ASPR 
is expected to increase globally, rising from ap-
proximately 65.19 per 100,000 population in 2021 
to about 128.04 per 100,000 by 2050, reflecting 
an approximate 96% increase over the next three 
decades. For males, the prevalence is projected 
to remain relatively stable, with a slight decrease 
from about 69.58 per 100,000 in 2021 to 68.76 
per 100,000 in 2050. Similarly, prevalence among 
females is expected to show minimal change, de-
creasing slightly from 59.57 per 100,000 in 2021 
to 59.28 per 100,000 in 2050. The global inci-
dence of SF is projected to increase significant-
ly for both sexes combined, with the ASIR rising 
from approximately 92.74 per 100,000 in 2021 to 
about 178.36 per 100,000 by 2050. The ASYR for 
SF is also expected to continue an upward trajec-
tory, increasing from 6.62 per 100,000 in 2021 to 
approximately 12.98 per 100,000 by 2050. Across 
all three measures, males consistently exhibit 
higher rates than females, particularly in terms of 
incidence.

Discussion

Our study used the most recent SF data, re-
leased in 2021, to conduct a comprehensive anal-
ysis of the global SF burden from 1990 to 2021. 
The analysis revealed complex regional patterns 
and trends associated with sociodemographic in-
dices. On a global scale, the ASPR, ASIR, and ASYR 
of SF decreased from 1990 to 2021. These find-
ings align with the GBD 2019 study, which also re-
ported a decline in ASR of SF over time [7]. At the 
regional level, the highest ASPR, ASIR, and ASYR 
were observed in regions with high SDI, while the 
lowest rates were found in low SDI regions. This 
highlights the persistent socioeconomic dispari-
ties in the global burden of SF. The higher burden 
in high SDI regions may be attributed to well-es-
tablished healthcare systems [19], effective pub-
lic health interventions, and greater awareness 
of SF risk factors and symptoms. In contrast, the 
lower burden in low SDI regions may be linked to 
a combination of factors, including limited access 
to healthcare, suboptimal management of risk 
factors, and inadequate secondary prevention 
strategies. For example, Australasia and parts 
of America, which exhibit high ASPR, as well as 
Australasia and parts of Europe, with high ASIR, 

are high SDI regions. These areas, despite having 
overall high health coverage, benefit from regular 
medical check-ups and better access to health-
care services, which can help proactively detect 
vertebral fractures, especially asymptomatic cas-
es. However, these factors do not necessarily re-
duce the associated adverse outcomes, indicating 
that more effective measures are needed in these 
countries to prevent SF-related disability. The high 
ASYR in the Caribbean may be attributed to an in-
creased prevalence of risk factors combined with 
healthcare system limitations. The region faces 
challenges such as armed conflict, poor access to 
and quality of health services, and limited resourc-
es for both prevention and acute SF care.

Despite the decrease in ASR, the absolute num-
ber of prevalent cases, incident cases, and YLDs 
due to SF increased from 1990 to 2021. This in-
crease can primarily be attributed to population 
growth and aging [20]. As populations grow and 
age, the number of individuals at risk for SF ris-
es, leading to a higher absolute disease burden. 
Moreover, limited access to quality healthcare, 
including acute SF services and rehabilitation fa-
cilities, may further exacerbate the burden of SF, 
particularly in resource-constrained settings.

In 2021, the global population reached 7.8 bil-
lion. In this study, the incidence and prevalence 
of SF were estimated to be 7.5 million and 5.37 
million cases, respectively, accounting for 0.1% 
and 0.07% of the global population. These rates 
are considerably lower than those reported in pre-
vious studies [3, 21]. Several factors may explain 
this discrepancy. First, prior studies specifically 
targeted the detection of SF and were conducted 
in older adults, who are more susceptible to the 
condition. As a result, patients with latent or as-
ymptomatic SF were more likely to be identified. 
Second, earlier studies were regional in nature 
rather than global [21]. Finally, since the incidence 
and prevalence of SF have been declining since 
1990, previous studies may not accurately reflect 
the current situation.

In our study, we observed that areas with high 
SDI continue to exhibit high ASYR. This may be at-
tributed to a lack of awareness about osteoporosis 
[22, 23], poor adherence to osteoporosis-specific 
treatments [24], high medication costs [25], and 
concerns about the side effects of anti-osteopo-
rosis medications [24]. Therefore, it is crucial for 
spine surgeons to consider osteoporosis-related 
SF in the absence of other apparent causes of low 
back pain [26]. Additionally, it is necessary to an-
alyze the patient’s psychological needs and pro-
vide appropriate assistance [27, 28]. Policy-level 
interventions, such as medical education, physi-
cian training, health insurance reform, and public 
awareness campaigns, are essential to bridging 
the gap in osteoporosis treatment.
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Osteoporosis is a major cause of SF in the el-
derly. In the present study, ASIR, ASPR, and ASYR 
were higher in women aged over 75 years com-
pared to men, likely due to postmenopausal oste-
oporosis. Osteoporotic SF significantly impacts the 
health of the elderly and imposes a  substantial 
economic burden on society [29, 30]. Additionally, 
ASIR, ASPR, and ASYR were higher in older adults 
than in younger adults, increasing with age. This 
suggests that older adults are more vulnerable to 
osteoporotic SF and its related disabilities. Howev-
er, early diagnosis of osteoporotic SF remains chal-
lenging. This is partly due to the high costs and 
the need for specialized appointments, and partly 
because the condition can be clinically asymptom-
atic, with most cases detected incidentally during 
routine health checks for other conditions [31, 32]. 
It is therefore essential to reduce screening costs, 
diversify diagnostic approaches, and incorporate 
bone mineral density and spinal assessments into 
routine physical examinations.

SF in young and middle-aged adults may be 
due to high-energy trauma, such as road traf-
fic accidents, and is more common in men [33], 
which may account for the higher ASIR, ASPR, 
and ASYR in men in the present study; SF in older 
adults may be due to a combination of low-energy 
trauma and low bone density, such as falls [34, 
35]. Preventing falls in older people and reducing 
their weight may be the major means of reducing 
associated injuries [36], which requires a concert-
ed effort by health care workers and family care-
givers. Preventing SF due to traffic accidents, on 
the other hand, requires enhanced education on 
traffic rules and road safety. In 2019, the highest 
global ASIR and ASYR were seen in Middle Eastern 
countries due to conflict and terrorism, whereas 
the present study showed a significant decrease 
in 2021, indicating important efforts to sustain 
peace worldwide.

Previous research often lacked forecasts of fu-
ture trends [37], and existing studies that did ap-
ply forecasting models typically relied on a single 
statistical method [38]. To mitigate the potential 
limitations inherent in using a  single statistical 
model, better capture the dynamics of the data, 
and more reliably predict the future disease bur-
den in SF, we combined two predictive models: 
ARIMA and ES. This approach provides a more nu-
anced understanding of the complexities involved 
in disease prediction. Both the ARIMA and ES 
models offer distinct advantages based on their 
underlying assumptions and data handling meth-
ods. The ARIMA model is well suited for smooth, 
hypothetical data, with a  more rigorous calibra-
tion process, whereas the ES model excels at han-
dling unstable data, offering simplicity and adapt-
ability. The ARIMA model extracts deterministic 

patterns by transforming non-smooth time series 
into smoother ones. In contrast, the ES model pre-
dicts future data by assigning varying weights to 
past observations, making it more intuitive [39].

Our ARIMA model projections indicate that 
the SF disease burden may decline by 2050, 
while the ES model suggests its persistence. 
Therefore, structured ARIMA models may yield 
more conservative estimates of future disease 
burden, whereas the adaptive ES model, which is 
sensitive to control measures and other factors, 
could lead to different predictions. By integrating 
data from previous studies and the present anal-
ysis, a decreasing trend in the disease burden of 
SF is observed. In this context, the ARIMA model, 
which is more suited for long-term forecasting, 
may be more appropriate, while the ES model 
is better for short-term predictions [40]. Conse-
quently, the results from both models comple-
ment each other, with the ARIMA model provid-
ing preventive and suggestive insights into the 
future burden of SF.

However, the study has several limitations. 
First, the accuracy of the data is influenced by the 
quality and availability of the data sources. The 
SF data were derived from inpatient, outpatient, 
and A&E discharge records, as well as follow-up 
data. However, out-of-hospital cases with latent 
or asymptomatic SF may not be captured by GBD 
studies. Second, the GBD methodology depends 
on various assumptions and modeling techniques, 
which can introduce uncertainty in the estimates. 
Although the GBD study employed rigorous sta-
tistical methods to address these uncertainties, 
its results should be considered as the best es-
timates based on the current available evidence.

In conclusion, despite the decrease in ASR, the 
absolute burden of SF remains high, with signifi-
cant regional, national, and SDI-related variations. 
These findings highlight the need for targeted pre-
vention and treatment strategies that cater to the 
specific needs of different populations. Strength-
ening healthcare systems, promoting healthy life-
styles, and reducing socioeconomic disparities are 
essential steps to mitigate the global burden of SF. 
Future research should focus on identifying and 
implementing the most effective interventions 
and policies for SF prevention and management.
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