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of Traumatology, National Regional Trauma Medical Center, Chongging University Central Hospital
(Chongging Emergency Medical Center), Chongging, China, *Department of Orthopedics, Chongging
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Background: This study explored the epidemiological trends in pelvic fracture
(PF) in China from 1992 to 2021, analyze their relationships with age—period—
cohort (APC) factors, and predict the trends of PF from 2022 to 2046.

Methods: Incidence and years lived with disabilities (YLDs) of PF among sexes
in China from 1992 to 2021 were obtained through the 2021 Global Burden of
Disease (GBD) database. Trends in the incidence and YLDs were described, and
a joinpoint regression model was used. The APC model was used to explore
the effects of age, period, and cohort on the incidence and YLDs. Nordpred
forecasted the incidence and YLDs in China from 2022 to 2046.

Results: In 2021, there were an estimated 0.63 million incidence cases and
0.33 million of YLDs, respectively. The number and age-standardized rate (ASR)
of incidence and YLDs were both gradually increased. The average annual
percent change (AAPC) in incidence and YLDs for men were 0.26% and —0.17%,
respectively. For women, the AAPC values for incidence and YLDs were —0.03%
and -0.57% (p<0. 001), respectively. The relative risk (RR) of PF increases with
age, with the lowest risk in those aged 10-14 years for incidence and aged 1-4
for YLDs and the highest risk in those aged >95years for incidence and aged
90-94 years for YLDs. The period effect showed a totally increase in the risk
across the general, male, and female populations. Cohort effects indicated a
totally significant decline for both incidence and YLDs. The predicted incidence
and YLDs of PF in China from 2022 to 2046 showed an initial rise, followed by
a decline, with 2029 and 2034 being the turning point for incidence and YLDs,
respectively.

Conclusion: The characteristics of pelvic fracture incidence and YLDs in China
are complex. Thus, primary prevention measures must be strengthened. Raising
awareness about osteoporosis prevention, enhancing public health education,
and promoting good dietary and hygiene habits are appropriate preventive
measures for PF in China.

KEYWORDS

pelvic fracture, joinpoint regression, age-period-cohort analysis, incidence, years lived
with disability, Nordpred model

01 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2024.1428068&domain=pdf&date_stamp=2024-07-08
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1428068/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1428068/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1428068/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1428068/full
mailto:Yangjun1970399@sina.com
https://doi.org/10.3389/fpubh.2024.1428068
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2024.1428068

Chen et al.

Highlights

o The incidence and YLDs of pelvic fractures both exhibited a
sharply decreasing trends followed by a gradual increase from
in China.

Generally, the pelvic fracture’s incidence and YLDs are associated
with age increasing, but demonstrating fluctuations in specific
age groups.

« From 2022 to 2046, the rate of incidence and YLDs of pelvic
fracture in China are projected to initially rise and then decline,
which reaching a peak at 2029 for incidence and 2034 for YLDs.

o The future trend of pelvic fractures in China is primarily

associated with osteoporosis, which may be closely linked to

population aging.

Introduction

Pelvic fracture is severe fractures commonly associated with
high-energy traumas such as traffic accidents, falls from a height,
and crush injuries. They are among the most complex injuries
encountered in trauma care (1, 2). In trauma centers, approximately
10% of patients with severe trauma sustain PF (3). The overall
incidence of PF is increasing annually because of inevitable factors
such as population aging, with nearly exponential growth observed
(4). The mortality and disability rates from PF are high, particularly
when the injury severity score is >25 points, often accompanied by
injuries to other organs. This can lead to complications such as
further
endangering the patient’s life (5). Pelvic fractures are severe injuries

hemorrhagic shock and traumatic coagulopathy,
associated with high mortality rates and poor prognoses,
particularly common among older adult patients. With the
increasing aging population, the incidence of fragility pelvic
fractures has significantly risen, especially among older adults.
Fragility pelvic fractures are those related to osteoporosis, often
occurring with minor trauma or spontaneously. Studies indicate
that the incidence rate of fragility fractures ranges from 35.5 to
121.2 per 100,000 persons annually. The ambulatory ability of
patients with fragility pelvic fractures significantly declines by
about 44.4% within 1year post-injury, with 1-year and 5-year
mortality rates of 15.4 and 39.9%, respectively (6). Additionally, a
study in Sweden reported that between 2001 and 2016, the
incidence of pelvic and acetabular fractures increased from 64 to
80 per 100,000 persons annually. Pelvic fractures predominantly
occurred in women (74%), while acetabular fractures were more
common in men (58%). This study further confirmed the high
incidence of pelvic and acetabular fractures among the older adults
and their profound impact on patients’ quality of life (7). Women
aged 80 and above are particularly at high risk. The study found

Abbreviations: PF, pelvic fracture; APC, age—period—cohort; ASR, age-standardized
rate; YLDs, years lived with disability; AAPC, average annual percent change; U,
uncertainty interval; RR, relative risk; GBD, global burden of disease; JPR, joinpoint
regression; ICD, international classification of diseases; IE, intrinsic estimator; Cl,
confidence interval; ASIR, age-standardized incidence rate; ASYR, age-standardized
YLD rate.
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that patients with pelvic ring fractures had poor functional
recovery and significantly reduced walking ability post-injury, with
high mortality rates. These findings highlight the importance of
prevention and early intervention in reducing incidence rates and
improving prognoses (8).

After pelvic fracture, patients often need prolonged bed rest,
but this can lead to complications such as aspiration pneumonia
and deep vein thrombosis, which can severely impact daily life and
even threaten the patient’s health (9). Moreover, the impact of
pelvic fractures is long-term rather than temporary, significantly
affecting the patient’s quality of life over time (10). The prevention
of pelvic fractures is of great clinical and social importance. With
the aging population, the incidence of pelvic fractures is
increasingly related to osteoporosis. Therefore, targeted measures
to prevent osteoporosis, such as calcium and vitamin D
supplementation and a healthy diet, are crucial for preventing
osteoporotic fractures (11). Additionally, the treatment costs for
pelvic fractures are high, including emergency treatment, surgical
fees, hospitalization costs, and subsequent rehabilitation expenses,
imposing a heavy economic burden on the healthcare system (12).
Moreover, road traffic accidents and falls from a height are still the
leading causes of PF (13). In China, epidemiological research on
PF is limited, and no studies have used the age-period-cohort
(APC) model to estimate the overall trends and parameters of the
incidence and years lived with disability (YLDs) of PF from 1990
to 2021 to analyze the epidemiological characteristics (14). The
joinpoint regression (JPR) model was used to quantitatively
estimate and analyze changes in the overall trend in the incidence
and YLDs of PF in China (15). This study also forecasts the
incidence and YLDs of PF over the next 24years to provide
valuable information for the future formulation of better
prevention, treatment, and rehabilitation policies for PF in China.

Materials and methods
Data sources and case definition

The 2021 Global Burden of Disease (GBD) database covers 371
diseases and injuries from different regions and countries,
indicating that the incidence of PF in regions with high
sociodemographic index (SDI) is higher than in those with a low
SDI. The incidence and YLDs of PF from 1992 to 2021 were
obtained from the GBD database using its query exchange tool.! A
Bayesian regression algorithm called DisMod-MR was used to
assess overall incidence, and YLDs in the 2021 GBD database (16).
The data retrieval strategy for this study included the region in
China, with categories for male, female, and both sexes. Metrics
selected were numbers and rates, with age categories ranging from
<5years up to >95years. The analysis focused on the incidence and
YLDs. Data were compiled and processed using Excel 2021, with a
double-data entry and verification approach for accuracy. PF were
defined using the International Classification of Diseases Ninth
(ICD-9) and Tenth (ICD-10) revision codes.

1 https://vizhub.healthdata.org/gbd-results/
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Descriptive analysis

In this study, we utilized the number, all ages, and age-standardized
incidence rate (ASIR) and age-standardized YLDs rate (ASYR) to
evaluate the trends of PF in China from 1992 to 2021. The GBD 2021
age-standardized population model specific to China was matched with
these metrics. By introducing this method, allowing for an accurate
comparison of incidence and YLDs trends and burden over time.

Joinpoint regression model

In this study, the JPR model was introduced to analyze the
temporal characteristics of disease or injury distribution in terms of
incidence and YLDs (17). The model assessed the annual percent
change (APC) and average annual percent change (AAPC) for the
incidence and YLDs of PF, where APC evaluates changes during a set
period, and AAPC represents a comprehensive measure of overall
changes over time. An APC>0 indicates a year-on-year increase,
whereas a decrease is indicated otherwise; APC=AAPC suggests the
absence of significant turning points in trend.

Age-period-cohort analysis

The APC model often involves a multiclass model dealing with the
effects of age groups, period groups, and birth cohorts. Age effects
account for factors, including population aging, on incidence and
YLDs. Period effects reflect changes in disease and injury risks owing
to objective factors. Cohort effects address how the exposure levels of
different birth cohorts to risk factors influence incidence and YLDs.
Traditional statistical methods, which cannot eliminate the collinearity
between these factors, are bypassed by the intrinsic estimator (IE)
method, allowing the APC model to assess the effects of age, period,
and cohort separately (18, 19) The APC model is a linear model,
represented as follows: In (Refg) = a+ Ae + Pf+ Cg, where Refg denotes
the incidence or mortality rate of PF in g birth cohorts, e refers to age
groups, and f represents periods, where Ae, Pf, and Cg represent the
effects of age, period, and cohort, respectively.

Predicting incidence and YLDs

The Nordpred prediction model, based on the APC model,
effectively forecasts future trends in the incidence, prevalence, and
YLDs of a disease or injury. It considers the relationship between time
series and demographic characteristics, including changes in the
population structure, disease trends, and generational effects (20). To
predict trends in pelvic fracture burden, the Nordpred APC model
was used to forecast the incidence and YLDs from 2022 to 2046. The
Nordpred software package in R language (version 4.3.1) incorporates
dynamic changes in incidence and population structure (21).

Statistical analysis

Statistical analyses were conducted using R software (4.3.1). The
JPR software (4.9.1.0) was used to construct the JPR model, calculating
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APC, AAPC, and 95% confidence intervals (CI), and to analyze trend
changes. The APC model was built using Stata 16.0, and age-specific
ratios for each period and cohort through relative risk (RR) were
assessed. Predictions were made using the “Nordpred” package in R
software (22), and the significance of parameters was estimated using
the Wald chi-square test. A p-value of <0.05 was considered
statistically significant.

Results

Description analysis of pelvic fracture
prevalence in China

In 2021, an estimated 0.62 million cases of PF were recorded in
China, with approximately 0.33 million cases in men (95% UI: 0.24 to
0.48 million) and 0.29 million cases in women (95% UI: 0.19 to 0.45
million). The total number of YLDs due to PF was about 0.33 million
cases, with men accounting for 0.19 million cases (95% UTI: 0.13 to
0.26 million) and women for 0.14 million cases (95% UI: 0.1 to 0.19
million). The ASIR of PF was 38.82 per 100,000 people, showing
higher rates in men at 42.04 (95% UI: 31.03 to 59.33) compared to
women at 34.64 (95% UL 23.43 to 52.53). The ASYR was 17.97 per
100,000 people, again higher in men at 20.72 (95% UI: 13.9 to 27.8)
than in women at 15.15 (95% UL 10.29 to 20.45; Figure 1;
Supplementary Table 1). The peak incidence occurred in the 50-54
age group with 53,397 cases (95% UL 36,209 to 80,300) and YLDs
occurred in 55-59 age group with 39,687 cases YLDs (95% UI: 27,632
to 53,824), respectively (Figure 2; Supplementary Table 1).

Specifically, the crude incidence rate (CIR) for men rose from
38.58%0 in 1992 to 46.13%o in 2021, while for women, it increased
from 31.32%o to 41.86%o. Although similar trends were observed in
the ASIR by gender, these rates experienced mild fluctuations. Over
the same period, the crude YLDs (CYR) for PF in men increased from
20.15%o to 26.44%o, and in women from 16.71%o to 20.18%o. However,
the increases in the ASYR were less pronounced (Figure 3;
Supplementary Table 2).

Trends in the incidence and YLDs of PF in
China from 1992 to 2021

Joinpoint regression analysis revealed a significant decline in the
overall incidence of PF in China from 1992 to 2011. This declining
trend was also observed among females. Among males, a slight
increase in incidence was noted from 1992 to 2000, followed by a
significant decline from 2000 to 2006, and then a significant upward
trend from 2006 to 2021 (Figure 4A). Joinpoint regression analysis
indicated a relatively stable trend in the overall YLDs of PF in China
from 1992 to 2001, followed by a significant decline from 2001 to
2005, and an upward trend from 2010 to 2018 and 2018 to 2021. This
pattern was also observed among females. For males, the trend was
more complex, with a slight upward trend from 1995 to 2000, a
significant decline from 2000 to 2005, and significant upward trends
from 2010 to 2018 and 2018 to 2021 (Figure 4B). From 1992 to 2021,
the AAPC values for incidence and YLDs were 0.11 and 0.33%,
respectively, with YLDs changes being statistically significant
(p=0.019; Table 1). The AAPC values for incidence and YLDs in
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FIGURE 1

The number and ASR of incidence and YLDs of PF in 2021 by sex. (A) ASIR. (B) Number of incidence cases. (C) ASYR. (D) Number of YLDs cases.
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males were 0.26% and —0.17%, respectively, both the incidence and
YLDs change were not statistically significant. For females, the AAPC
values for incidence and YLDs were —0.03% and —0.57%, respectively,
with YLDs changes being statistically significant (p <0.001; Table 1).

APC model analysis of pelvic fracture
incidence in china

The results on the age effect analysis showed that the risk of pelvic
fracture in the overall population increases with age, with the lowest
risk in the group aged 10-14years (RR=0.53, 95% CI, 0.52 to 0.54)
and the highest risk in those aged >95years (RR=4.47, 95% CI, 4.33
to 4.62). The incidence in males first decrease, and then totally
increases again, with the lowest risk in the group aged 10-14years
(RR=0.55,95% CI, 0.53 to 0.57) and the highest risk in the group aged
>95years (RR=2.89, 95% CI, 2.62 to 3.19). For females, the incidence
trend also showed an initial decline, followed by a gradual increase,
with the lowest risk in the group aged 10-14 years (RR=0.54, 95% CI,
0.53 to 0.55) and the highest risk in those aged >95years (RR=5.07,
95% CI, 4.9 to 5.25). The results of the period effect analysis indicate
that the risk of PF in the overall, male, and female populations showed
a trend of initially rising, declining, and then rising again, with the
lowest cohort effects in 1992-1996 for the overall and male
populations (RR=0.9, 95% CI, 0.89 to 0.9; RR=0.9, 95% CI, 0.88 to

Frontiers in Public Health

0.9) and in 2002-2006 for female populations (RR=0.9, 95% CI, 0.9
to 0.91). The highest risk occurs in 2015-2019 for the overall, male,
and female populations (RR=1.24, 95% CI, 1.23 to 1.24; RR=1.24,
95% CI, 1.22 to 1.25; and RR=1.23,95% CI, 1.22 to 1.24, respectively).
The results of the cohort analysis show a upward trend firstly, followed
by a significant declining trend in the risk of PF over time in the
overall, male, and female populations, with the highest risk in the
1937-1941 cohort for the overall, male, and female populations
(RR=1.46,95% CI, 1.43 to 1.48; RR=1.43, 95% CI, 1.36 to 1.5; and
RR=1.53,95% CI, 1.5 to 1.56, respectively) and the lowest risk in the
2017-2021 cohort for the overall, male, and female populations
(RR=0.28, 95% CI, 0.28 to 0.29; RR=0.31, 95% CI, 0.3 to 0.32; and
RR=0.26, 95% CI, 0.25 to 0.27), respectively (Figure 5;
Supplementary Table 3).

APC model analysis of YLDs of PF in China

The results of the age effect analysis for YLDs of PF show a trend of
increasing risk with age, with the lowest risk in the group aged 1-4years
(RR=0.21, 95% CI, 0.2 to 0.22) and the highest risk in those aged
90-94years (RR=2.15, 95% CI, 2.07 to 2.22). The lowest risk for males
was noted in the group aged 1-4years (RR=0.18, 95% CI, 0.17 t0 0.2) and
the highest risk in the group aged 90-94years (RR=1.93, 95% CI, 1.79 to
2.07). For females, the lowest risk was noted in the group aged 1-4years
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The number and ASR of incidence and YLDs of PF in 2021 by age. (A) ASIR. (B) ASYR. (C) Number of incidence cases. (D) Number of YLDs cases.

(RR=0.25, 95% CI, 0.24 to 0.26), and the highest risk was observed in
those aged 90-94 years (RR=2.43, 95% CI, 2.34 to 2.53). The results of the
period effect analysis for YLDs show a trend of initially rising, followed
by a decline trend, and then rising again for the overall, male, and female
populations, with the lowest risk in 2007-2011 (RR=0.92, 95% CI, 0.92
t0 0.93; RR=0.94, 95% CI, 0.94 to 0.95; and RR=0.9, 95% CI, 0.9 to 0.91,
respectively). The results of the cohort analysis for YLDs showed an initial
rise followed by a gradual decline for the overall, male and female
populations. The highest risk was noted in the 1922-1926 cohort for the
overall, and female populations (RR=1.55, 95% CI, 1.49 to 1.6; and
RR=1.56,95% CI, 1.5 to 1.63, respectively), and in the 1917-1921 cohort
for male (RR=1.57, 95% ClI, 1.43 to 1.71). The lowest risk in the 2017~
2021 cohort for the overall, and female populations (RR=0.27, 95% CI,
0.25 t0 0.29; RR=0.27, 95% CI, 0.24 to 0.29; and RR=0.27, 95% CI, 0.25
to 0.3), respectively (Figure 6; Supplementary Table 4).

Forecasting the incidence and YLDs of PF
in China from 2022 to 2046

The ASIR and ASYR of PF in China from 2022 to 2046 are
projected to show a trend of increase followed by a gradual decline,
with a turning point around 2029. From 2022 to 2029, the ASIRs for
the overall, male, and female populations are expected to increase
from 38.8 per 100,000, 42.39 per 100,000, and 34.54 per 100,000 in
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2022 to 40.88 per 100,000, 44.64 per 100,000, and 36.27 per 100,000 in
2029, representing increases of approximately 5.36, 5.31, and 5.01%,
respectively. The ASYRs’ turning point is around 2032, from 17.85 per
100,000, 20.74 per 100,000, and 14.94 per 100,000 in 2022 to 18.64 per
100,000, 21.66 per 100,000, and 15.59 per 100,000 in 2034 represent
increases of approximately 4.43, 4.44, and 4.35%, respectively.

After approximately 2029, the incidence of PF in China is expected
to gradually decline, with the ASIRs for the overall, male, and female
populations decreasing from 40.88 per 100,000, 44.64 per 100,000, and
36.27 per 100,000 in 2029 to 37.3 per 100,000, 40.72 per 100,000, and
32.83 per 100,000 in 2046, representing declines of approximately 8.76,
8.78, and 9.48%, respectively. The ASYRs from 18.64 per 100,000, 21.66
per 100,000, and 15.59 per 100,000 in 2034 to 17.93 per 100,000, 20.8 per
100,000, and 14.98 per 100,000 in 2046 represent declines of approximately
3.81,3.97, and 3.91%, respectively. Both the incidence and YLDs number
of cases were projected to increase in the following 24 years. In 2008, a
minor peak was observed in both incidence and YLDs, which was
associated with a catastrophe earthquake in Wenchuan County, Sichuan
Province, China (Figure 7; Supplementary Table 5).

Discussion

Our study found that in 2021, there were 0.63 million new cases of
PF in China, along with 0.33 million cases of YLDs. The annual increase
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FIGURE 4
Joinpoint regression analyze the trends ASR for both sexes of PF from 1992 to 2021 in China. (A) APCs of ASIR for overall, males, and females. (B) APCs
of ASYR for overall, males, and females.
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TABLE 1 Joinpoint regression analysis: the APC and AAPC in the incidence and YLDs of PF in China from 1992 to 2021.

Segments Incidence
APC(%) 95%Cl p- AAPC 95%Cl APC(%) 95%Cl 95%ClI
value
Both
—0.37 to —0.6 to
-0.77 ~1.17to —0.38 0.11 0.06 —0.18t0 0.3 -0.33
1992 ~2011 0.001 0.58 0.661 1992 ~ 2001 0.582 -0.05 0.019
2011~2021 1.8 0.55 to 3.06 0.006 2001 ~2005 —4.58 —5.83t0 —3.32 0.001
/ / / / 2005 ~2010 —-0.72 —1.55 t0 0.11 0.084
/ / / / 2010~2018 0.74 0.39 to 1.09 0.001
/ / / / 2018~2021 2.18 0.85 to 3.53 0.003
Male
—0.21to —0.45 to
0.64 —0.29t0 1.59 0.26 0.276 —0.59 —1.81100.65 -0.17
1992 ~2000 0.169 0.74 1992 ~1995 0.32 0.12 0.25
2000 ~2006 -2.32 —4.11t0 —0.51 0.015 1995 ~ 2000 0.93 0.13 to 1.73 0.026
2006 ~2021 L1l 073 to 1.5 0.001 2000 ~ 2005 —-3.12 —3.89 to —2.35 0.001
/ / / / 2005 ~2010 —-0.77 —1.56 to 0.02 0.054
/ / / / 2010~2018 0.8 0.47 to 1.14 0.001
/ / / / 2018~2021 1.91 0.64 t0 3.19 0.006
Female
—0.63 to —0.85to
-1.03 —1.54t0 —0.51 —0.03 —0.15 —0.4 0 0.09 -0.57
1992 ~2011 0.001 0.59 0.935 1992 ~ 2001 0.207 -0.29 <0.001
2011~2021 1.91 0.32t0 3.52 0.02 2001 ~2005 —5.87 —7.14 to —4.59 0
/ / / / 2005 ~2010 —-0.75 ~1.61t00.11 0.084
/ / / / 2010~2018 0.67 0.31to 1.04 0.001
/ / / / 2018 ~2021 2.52 1.12t0 3.93 0.001

AAPC, average annual percent change presented for full period; APC, annual percent change; CI, confidence interval.
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trends

rates of incidence and YLDs for both men and women were statistically
significant. The RR of incidence and YLDs increased with age. Period
effects showed an initial rise followed by a decline in risk. Cohort effects
revealed a slight upward trend followed by a significant reduction in risk
for birth cohorts in both incidence and YLDs. It is projected that starting
from 2029 and 2034, the incidence and YLDs of pelvic fractures in China
will gradually decrease, respectively. PF are often seen in patients with
multiple injuries caused by high-velocity impacts, such as traffic
accidents and falls from a height. Data show that PF occur in 20-37 per
100,000 populations (23). In China, the number of severe multiple
injuries has been trending downward, which may due to increased
awareness of traffic safety and improved population education. However,
multiple injuries still pose a serious threat to public health and safety,
particularly with PE Thus, a deeper investigation into the trends in the
incidence of PF and YLDs will aid in refining diagnostic and treatment
strategies and assist policymakers in making effective decisions.

Frontiers in Public Health

This study found that about in 2010 as the turning point, the
incidence and YLDs of PF in China significantly declined, likely closely
related to public health interventions and enhanced traffic safety
awareness. Improvements in medical service quality and standardized
treatment for PF have enriched treatment concepts, improved treatment
efficiency, and reduced disability and mortality rates (24). However, since
2010 the incidence and YLDs of PF has been increasing annually, which
was possibly related to the pace of modernization and the accelerating
trend of population aging in China. Older people are more susceptible
to fractures caused by osteoporosis, especially in females, possibly related
to the higher incidence of osteoporosis in older women (25).

The APC model study identified APC effects for PF in China. The
age effect showed that children have a lower risk of PE, mainly because
they are less exposed to high-risk factors. The incidence of PF is higher
among older adults, which is related to osteoporosis where even
low-energy impacts can cause fractures (26, 27). The period effect
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indicated a decrease in the risk of PF during the 1990s; however, a
gradual increase was noted since the beginning of the 21st century,
which may be related to population aging and improved diagnostic
levels (28, 29). Notably, from the 1997-2001 to 2007-2011 periods
combined showed a significant decrease in risk levels, which may
be closely related to increased public health attention and the
implementation of improved policies. The cohort effect totally showed
a general declining trend in the risk of PF with each birth cohort, which
is likely linked to improvements in medical standards and the vigorous
development of prevention and treatment measures. Notably, the
incidence of pelvic fractures is highest among cohorts born around
1932-1936 and 1937-1941. Given their current age, this aligns with the
trend of population aging, indicating that this group is particularly
susceptible to fragility-related pelvic fractures. However, these results
are merely based on data organized by the GBD database, and the
actual situation may differ, necessitating targeted data collection and
analysis in the future.

Trend predictions indicate that the ASIRs and ASYRs show a
trend of initially rising significantly and then gradually declining,
with a turning point around 2029 and 2034, respectively. From 2022
to 2029 and 2022 to 2034, the ASIR and ASYRs for the overall, male,
and female populations increased, respectively. This trend could
be related to various factors. Data show that in 2010s, Chinese
population aged >60years was approximately 254 million; however,
this number is expected to increase to 402 million by 2040,
accounting for approximately 28% of the total population (30, 31),
significantly increasing the overall risk of PE After 2029 and 2034 for
ASIR and ASYR, the gradual decline of PF may be related to
improvements in medical conditions and preventive measures. As the
population ages further, more strategies for preventing osteoporosis
are likely to be disseminated, effectively reducing the incidence of PF
in older people. Notably, this study is based on historical data and
current trends and does not fully consider potential changes in new
medical technologies and policy directions that might affect future
trends. Therefore, future research must consider these potential
trend-affecting factors comprehensively.

In conclusion, the changes in the incidence and YLDs of PF in
China exhibit complex and variable characteristics, with certain
correlations between the overall population and sex differences, yet
each displaying distinct traits. The occurrence of PF among young
and older populations both show relative peaks; the former was likely
closely associated with factors such as traffic accidents and falls at
construction sites, and the latter possibly related to population aging
and osteoporosis-related fragility fractures. This study also found that
the outcomes of pelvic fractures exhibit a certain lag in YLDs
compared to incidence rates, beyond the inherent epidemiological
statistical characteristics. Incidence rates are more immediate
indicators, reflecting the incidence and spread of diseases. In contrast,
YLDs capture the long-term impact of diseases and thus generally
exhibit a lag relative to incidence rates. Based on these results, the
development of primary prevention efforts, enhanced production
safety publicity and supervision, improved traffic safety awareness,
and enhanced traffic safety regulations are recommended. Raising
awareness of osteoporosis prevention among older adults, increasing
public health education, and promoting good dietary and hygiene
habits are essential to comprehensively reduce the incidence of PF
in China.

Frontiers in Public Health

10

10.3389/fpubh.2024.1428068

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

QC: Conceptualization, Data curation, Formal analysis, Investigation,
Project administration, Software, Supervision, Writing — original draft,
Writing - review & editing. TL: Funding acquisition, Investigation,
Software, Writing — original draft, Writing — review & editing. HD:
Formal analysis, Methodology, Writing — original draft. GH: Formal
analysis, Methodology, Writing — original draft. DD: Conceptualization,
Project administration, Supervision, Writing — review & editing. JY:
Conceptualization, Project administration, Supervision, Writing - review
& editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study was
funded by the open topics of the Key Laboratory of Emergency
Medicine in Chongqing (2022KFKI07).

Acknowledgments

This article is based on the results of GBD 2021. The authors thank
all the epidemiologists, statisticians, and researchers who devoted
their time and efforts into the work of GBD 2021.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1428068/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1428068
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1428068/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1428068/full#supplementary-material

Chen et al.

References

1. Arvieux C, Thony E Broux C, Ageron FX, Rancurel E, Abba ], et al. Current
management of severe pelvic and perineal trauma. J Visc Surg. (2012) 149:¢227-38. doi:
10.1016/j.jviscsurg.2012.06.004

2. Cullinane DC, Schiller HJ, Zielinski MD, Bilaniuk JW, Collier BR, Como J, et al.
Eastern Association for the Surgery of trauma practice management guidelines for
hemorrhage in pelvic fracture--update and systematic review. J Trauma. (2011)
71:1850-68. doi: 10.1097/TA.0b013e31823dca%a

3. Giannoudis PV, Grotz MR, Tzioupis C, Dinopoulos H, Wells GE, Bouamra O, et al.
Prevalence of PE, associated injuries, and mortality: the United Kingdom perspective. J
Trauma. (2007) 63:875-83. doi: 10.1097/01.ta.0000242259.67486.15

4. Ansari S, Barik S, Singh SK, Sarkar B, Goyal T, Kalia RB. Role of 3D printing in the
management of complex acetabular fractures: a comparative study. Eur J Trauma Emerg
Surg. (2021) 47:1291-6. doi: 10.1007/s00068-020-01485-z

5. Grotz MR, Allami MK, Harwood P, Pape HC, Krettek C, Giannoudis PV. Open PF:
epidemiology, current concepts of management and outcome. Injury. (2005) 36:1-13.
doi: 10.1016/j.injury.2004.05.029

6. Ando J, Takahashi T, Ae R, Matsumura T, Sasao W, Abe M, et al. Epidemiology of
fragility fracture of the pelvic ring: a regional population-based study in northern Japan.
Arch Osteoporos. (2023) 18:131. doi: 10.1007/s11657-023-01342-7

7. Lundin N, Huttunen TT, Berg HE, Marcano A, Fellinder-Tsai L, Enocson A.
Increasing incidence of pelvic and acetabular fractures. A nationwide study of 87, 308
fractures over a 16-year period in Sweden. Injury. (2021) 52:1410-7. doi: 10.1016/j.
injury.2021.03.013

8. Basile G, Passeri A, Bove F, Accetta R, Gaudio RM, Calori GM. Pelvic ring and
acetabular fracture: concepts of traumatological forensic interest. Injury. (2022)
53:475-80. doi: 10.1016/j.injury.2021.11.063

9. on behalf of the Scientific Advisory Board of the European Society for Clinical and
Economic Aspects of Osteoporosis (ESCEO) and the Committees of Scientific Advisors
and National Societies of the International Osteoporosis Foundation (IOF)Kanis JA,
Cooper C, Rizzoli R, Reginster JY. European guidance for the diagnosis and management
of osteoporosis in postmenopausal women. Osteoporos Int. (2019) 30:3-44. doi:
10.1007/s00198-018-4704-5

10. Holvik K. Hip fractures in the oldest old in Norway: time trends in incidence,
mortality and length of hospital stay. Osteoporos Int. (2014) 25:227-32. doi: 10.1007/
510654-012-9711-9

11. Capozzi A, Scambia G, Lello S. Calcium, vitamin D, vitamin K2, and magnesium
supplementation and skeletal health. Maturitas. (2020) 140:55-63. doi: 10.1016/j.
maturitas.2020.05.020

12.Johnell O, Kanis JA. An estimate of the worldwide prevalence and disability
associated with osteoporotic fractures. Osteoporos Int. (2006) 17:1726-33. doi: 10.1007/
500198-006-0172-4

13. Hu S, Guo J, Zhu B, Dong Y, Li E. Epidemiology and burden of PF: results from the
global burden of disease study 2019. Injury. (2023) 54:589-97. doi: 10.1016/j.
injury.2022.12.007

14. Kupper LL, Janis JM, Karmous A, Greenberg BG. Statistical age-period-cohort
analysis: a review and critique. J Chronic Dis. (1985) 38:811-30. doi:
10.1016/0021-9681(85)90105-5

15.Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint
regression with applications to cancer rates. Stat Med. (2000) 19:335-51. doi: 10.1002/
(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.0.CO;2-Z

Frontiers in Public Health

11

10.3389/fpubh.2024.1428068

16. Murray CJL, Aravkin AY, Zheng P, Abbafati C, Abbas KM, Abbasi-Kangevari M,
et al. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a
systematic analysis for the global burden of disease study 2019. Lancet. (2020)
396:1223-49. doi: 10.1016/S0140-6736(20)30752-2

17.Ilic M, Ilic I. Cancer mortality in Serbia, 1991-2015: an age-period-cohort and
joinpoint regression analysis. Cancer Commun (Lond). (2018) 38:1-16. doi: 10.1186/
540880-018-0282-3

18.Jha RP, Shri N, Patel P, Dhamnetiya D, Bhattacharyya K, Singh M. Trends in the
diabetes incidence and mortality in India from 1990 to 2019: a joinpoint and age-period-
cohort analysis. J Diabetes Metab Disord. (2021) 20:1725-40. doi: 10.1007/
540200-021-00834-y

19. Masters RK, Powers DA, Hummer RA, Beck A, Lin SE Finch BK. Fitting age-
period-cohort models using the intrinsic estimator: assumptions and misapplications.
Demography. (2016) 53:1253-9. doi: 10.1007/s13524-016-0481-y

20. Luo G, Zhang Y, Etxeberria ], Arnold M, Cai X, Hao Y, et al. Projections of lung
Cancer incidence by 2035 in 40 countries worldwide: population-based study. JMIR
Public Health Surveill. (2023) 9:¢43651. doi: 10.2196/43651

21. Simées TC, Borges LF, Parreira de Assis AC, Silva MV, Dos Santos ], Meira KC.
Chagas disease mortality in Brazil: a Bayesian analysis of age-period-cohort effects and
forecasts for two decades. PLoS Negl Trop Dis. (2018) 12:¢0006798. doi: 10.1371/journal.
pntd.0006798

22. Valery PC, Laversanne M, Clark PJ, Petrick JL, McGlynn KA, Bray E. Projections
of primary liver cancer to 2030 in 30 countries worldwide. Hepatology. (2018) 67:600-11.
doi: 10.1002/hep.29498

23. Sobhan MR, Abrisham SM, Vakili M, Shirdel S. Spinopelvic fixation of sacroiliac
joint fractures and fracture-dislocations: a clinical 8 years follow-up study. Arch Bone Jt
Surg. (2016) 4:381-6. doi: 10.22038/abjs.2016.7537

24. Coccolini F, Stahel PF, Montori G, Biffl W, Horer TM, Catena F, et al. Pelvic
trauma: WSES classification and guidelines. World J Emerg Surg. (2017) 12:5. doi:
10.1186/s13017-017-0117-6

25. Cawthon PM. Gender differences in osteoporosis and fractures. Clin Orthop Relat
Res. (2011) 469:1900-5. doi: 10.1007/s11999-011-1780-7

26. Kelsey JL. Risk factors for osteoporosis and associated fractures. Public Health Rep.
(1989) 104:14-20.

27. DiCenso SM, Kaelber DC, Mistovich R]. Pediatric PF: an epidemiological analysis
of a population-based database. J Pediatr Orthop B. (2022) 31:505-7. doi: 10.1097/
BPB.0000000000000945

28. Dreizin D, Goldmann F, LeBedis C, Boscak A, Dattwyler M, Bodanapally U, et al.
An automated deep learning method for tile AO/OTA pelvic fracture severity grading
from trauma whole-body CT. ] Digit Imaging. (2021) 34:53-65. doi: 10.1007/
510278-020-00399-x

29. Hsieh CI, Zheng K, Lin C, Mei L, Lu L, Li W, et al. Automated bone mineral
density prediction and fracture risk assessment using plain radiographs via deep
learning. Nat Commun. (2021) 12:5472. doi: 10.1038/s41467-021-25779-x

30. The L. Population ageing in China: crisis or opportunity? Lancet. (2022) 400:1821.
doi: 10.1016/50140-6736(22)02410-2

31. Fang EF, Scheibye-Knudsen M, Jahn HJ, Li J, Ling L, Guo H, et al. A research
agenda for aging in China in the 21st century. Ageing Res Rev. (2015) 24:197-205. doi:
10.1016/j.arr.2015.08.003

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1428068
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.jviscsurg.2012.06.004
https://doi.org/10.1097/TA.0b013e31823dca9a
https://doi.org/10.1097/01.ta.0000242259.67486.15
https://doi.org/10.1007/s00068-020-01485-z
https://doi.org/10.1016/j.injury.2004.05.029
https://doi.org/10.1007/s11657-023-01342-7
https://doi.org/10.1016/j.injury.2021.03.013
https://doi.org/10.1016/j.injury.2021.03.013
https://doi.org/10.1016/j.injury.2021.11.063
https://doi.org/10.1007/s00198-018-4704-5
https://doi.org/10.1007/s10654-012-9711-9
https://doi.org/10.1007/s10654-012-9711-9
https://doi.org/10.1016/j.maturitas.2020.05.020
https://doi.org/10.1016/j.maturitas.2020.05.020
https://doi.org/10.1007/s00198-006-0172-4
https://doi.org/10.1007/s00198-006-0172-4
https://doi.org/10.1016/j.injury.2022.12.007
https://doi.org/10.1016/j.injury.2022.12.007
https://doi.org/10.1016/0021-9681(85)90105-5
https://doi.org/10.1002/(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.0.CO;2-Z
https://doi.org/10.1002/(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.0.CO;2-Z
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1186/s40880-018-0282-3
https://doi.org/10.1186/s40880-018-0282-3
https://doi.org/10.1007/s40200-021-00834-y
https://doi.org/10.1007/s40200-021-00834-y
https://doi.org/10.1007/s13524-016-0481-y
https://doi.org/10.2196/43651
https://doi.org/10.1371/journal.pntd.0006798
https://doi.org/10.1371/journal.pntd.0006798
https://doi.org/10.1002/hep.29498
https://doi.org/10.22038/abjs.2016.7537
https://doi.org/10.1186/s13017-017-0117-6
https://doi.org/10.1007/s11999-011-1780-7
https://doi.org/10.1097/BPB.0000000000000945
https://doi.org/10.1097/BPB.0000000000000945
https://doi.org/10.1007/s10278-020-00399-x
https://doi.org/10.1007/s10278-020-00399-x
https://doi.org/10.1038/s41467-021-25779-x
https://doi.org/10.1016/S0140-6736(22)02410-2
https://doi.org/10.1016/j.arr.2015.08.003

	Age–period–cohort analysis of epidemiological trends in pelvic fracture in China from 1992 to 2021 and forecasts for 2046
	Highlights
	Introduction
	Materials and methods
	Data sources and case definition
	Descriptive analysis
	Joinpoint regression model
	Age-period-cohort analysis
	Predicting incidence and YLDs
	Statistical analysis

	Results
	Description analysis of pelvic fracture prevalence in China
	Trends in the incidence and YLDs of PF in China from 1992 to 2021
	APC model analysis of pelvic fracture incidence in china
	APC model analysis of YLDs of PF in China
	Forecasting the incidence and YLDs of PF in China from 2022 to 2046

	Discussion
	Data availability statement
	Author contributions

	References

