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Objective: With the acceleration of population aging and industrial structural transformation in China, LBP related to occupational
ergonomic factors has become an increasingly serious public health issue. This study aims to assess the disease burden of LBP caused
by occupational ergonomic factors in China, reveal its long-term trends, key driving factors, and future changes, fill existing research
gaps, and provide scientific evidence for optimizing occupational health policies and intervention strategies for high-risk populations.
Methods: Data on Years Lived with Disability (YLDs), YLD rates, and age-standardized YLD rates for occupational ergonomics-
related LBP from 1990 to 2021 were obtained from the Global Burden of Disease Study 2021. Joinpoint regression was used to
analyze temporal trends. Age-period-cohort (APC) models assessed the effects of age, time period, and birth cohort. Decomposition
analysis quantified contributions from population aging, epidemiological shifts, and growth. Bayesian APC (BAPC) models projected
disease burden trends through 2040.

Results: In 2021, China had 3.314 million YLDs from occupational ergonomics-related LBP, with a crude YLD rate of 232.9/100,000
and an age-standardized rate of 178.4/100,000. Women and individuals aged 50-54 bore higher burdens. From 1990 to 2021, total
YLDs slightly increased, but YLD rate and age-standardized rate declined annually by 0.3% and 1.5%, respectively. APC modeling
revealed significant period and cohort effects. Decomposition analysis identified epidemiological changes as the primary driver of
burden shifts. Projections indicate that by 2040, age-standardized YLD rates will fall to 194.3/100,000, but total YLDs will rise among
people aged 60+, reflecting aging and cumulative occupational exposure.

Conclusion: Occupational ergonomic-related LBP remains a significant burden in China, especially among older and high-risk
workers. Although the per capita burden is decreasing, demographic shifts and work-related exposures will sustain overall burden.
Comprehensive ergonomic interventions and targeted prevention for high-risk groups are essential for improving occupational health
and guiding policy development.
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Introduction

Low back pain (LBP) is a common musculoskeletal disorder defined as pain or discomfort in the area between the lower edge of
the twelfth rib and the lower hip fold, with or without leg radiation symptoms.'~ Epidemiological statistics show that about 23%
of the global population is affected by it, of which 11-12% of patients suffer from dysfunction or disability due to it.> LBP not
only severely affects the quality of life of individuals, but is also a major public health problem leading to lost productivity.*
According to statistics, LBP causes about 69 million annual labor losses, and the related medical and economic expenditures of
various countries are as high as 37 billion to 100 billion US dollars,*® which has become the core factor restricting labor
efficiency and social development. Occupational ergonomics factors are the leading cause of LBP® and cover systemic risks such
as work environment design, task execution, and organization management.'® Studies have shown that occupational ergonomics
abnormalities contribute to 126.1 million global epidemics of LBP'' and 15.1 million Years Lived with Disability (YLD) among
the working-age population, a cumulative increase of 27% since 1997, and that such risks directly contribute to sick leave, job
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1012 resulting in a global productivity loss of US $216.1 billion. The intensity

adjustment or early retirement for 12% of workers,
of its impact is highly correlated with the industrial structure: high-income countries are dominated by static loads of sedentary
office workers, while low-income countries are concentrated on dynamic loads of manufacturing and agriculture.'® China is in
the stage of rapid economic development and industrialization acceleration. The changes in labor structure and working
environment make the problem of LBP related to occupational ergonomics increasingly prominent. In this context, assessing
the overall disease burden of LBP caused by occupational ergonomics factors in China is of urgent significance for formulating
scientific occupational health policies and optimizing worker health management strategies.

However, current systematic studies on the burden of low back pain (LBP) related to occupational ergonomic factors in
China remain relatively limited, particularly in terms of long-term trends, key driving factors, and future burden projections.
Existing research mostly focuses on static descriptions and has not fully accounted for the dynamic interactions between
multiple factors such as population aging and occupational structure adjustments. Previous studies have shown that occupa-
tional ergonomic factors are the main contributor to the burden of LBP in China, with an attributable fraction of 24% (95%
uncertainty interval: 22-26%), resulting in the loss of approximately 2.86 million Disability-adjusted Life Years (DALYYs)
annually.'' However, due to population aging and changes in industrial structure, patterns of ergonomic exposure have shifted.
The proportion of LBP cases related to physical workload in traditional manufacturing has decreased, while cases linked to
static load (prolonged sitting) among office workers and dynamic load (manual handling) in emerging service industries have
increased. As a common chronic disease, LBP has been listed as a key area of prevention and control in the “Healthy China
2030 plan. Therefore, quantifying the current burden of LBP related to occupational ergonomic factors and predicting future
trends based on current data are important for evaluating the effectiveness of prevention strategies and health resource
allocation, and can provide evidence to support policy making and resource distribution.

Disease burden is an important measure of the impact of diseases on population health and is widely used in epidemiology
and public health research. YLD is one of the core indicators for assessing disease burden, and it quantifies the loss of healthy
life years caused by illness or disability.'* YLD reflects the number of years lived with disability, adjusted by disability weight
(DW), to capture the overall level of health loss. Compared with traditional incidence rates, YLD accounts for both the
severity and duration of disability, showing the effect of diseases on quality of life. This indicator is often used to assess the
impact of non-fatal diseases (such as diabetes and LBP) and various disabilities (such as hearing loss and spinal cord injury) on
population health, and it provides scientific evidence for setting priorities in disease control and allocating health resources.

This study used standardized data from the Global Burden of Disease Study 2021 (GBD 2021)"* to analyze changes in the
burden of LBP caused by occupational ergonomic factors in China over the past 30 years. First, we applied the Joinpoint
regression model to identify key time points in disease burden trends from 1990 to 2021, and used average annual percent
change (AAPC) to quantify these trends. Second, we used the age-period-cohort (APC) model to assess the effects of age,
period, and birth cohort on disease burden, and to explore differences across groups. Third, we performed decomposition
analysis to quantify the contributions of population aging, epidemiological changes, and population growth to changes in
disease burden. Finally, we constructed a Bayesian age-period-cohort model (BAPC) to predict future trends in the burden of
LBP related to occupational ergonomic factors from 2022 to 2040. Through the above analysis, this study aims to provide
quantitative evidence for optimizing occupational health policies in China, supporting the identification of high-risk popula-

tions, precise allocation of resources, and the development of long-term intervention strategies.

Materials and Methods

Data Sources

To analyze changes in the disease burden of LBP caused by occupational ergonomic factors, we used data from the
Global Burden of Disease Study 2021 (GBD 2021), which follows the Guidelines for Accurate and Transparent Health
Estimates Reporting (GATHER). To our knowledge, the GBD database is the most comprehensive and widely used
public source for data on LBP related to occupational ergonomic factors. GBD 2021 covers the burden of 371 diseases in
204 countries and regions and 811 subnational areas worldwide. Open-access data used in this study were obtained from
the GBD 2021 database, including: (1) the number of YLDs, YLD rates, and age-standardized rates of LBP due to
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occupational ergonomic factors in China from 1990 to 2021 for three sex groups (all, male, and female); and (2) global
population projections from 2022 to 2040.

Definitions

In GBD 2021, LBP due to occupational ergonomic factors is defined as pain in the area from the lower margin of the
twelfth ribs to the lower gluteal folds on the posterior aspect of the body (with or without pain radiating to one or both
lower limbs) that lasts for at least one day (ICD-10: M54.3, M54.4, and M54.5). In this study, YLD was chosen as the
main indicator to measure the disease burden of LBP caused by occupational ergonomic factors. The study population
included individuals aged 0 to 95 years and above. Cases under 15 years of age were not included in the analysis, and due
to the small number of cases in those over 85 years old, these were combined into the 80-84 age group and labeled as
80+ years. Two key indicators were analyzed: case numbers and age-standardized rates. Case number refers to the
original count recorded in GBD 2021, while the age-standardized rate represents the number of cases per 100,000 people
after adjusting for age structure, allowing for more consistent comparisons across regions. All original data from GBD
2021 are provided with 95% uncertainty intervals (UI), calculated through aggregation and weighting methods.

Ethics Committee

This study was exempt from ethical review by the ethics committee in accordance with Item 1 and Item 2 of Article 32 of the
Measures for Ethical Review of Life Science and Medical Research Involving Human Subjects, effective February 18, 2023,
China.

Statistical Analysis

The following statistical methods were used in this study: (1) Joinpoint regression analysis: Joinpoint software (version
5.1.0) was used to calculate annual percent change (APC) and average annual percent change (AAPC). Joinpoint
regression is a common method for analyzing disease trends, allowing identification of significant inflection points
and overall trends over specific time periods. (2) Age-period-cohort (APC) model: The data were analyzed from three
perspectives—age, period, and cohort effects—to interpret the role of each dimension in the disease burden. (3)
Decomposition analysis: This method was used to assess the independent effects of changes in population age structure,
population growth, and epidemiological factors on the trend of LBP disease burden due to occupational ergonomic
factors. By comparing ideal scenarios with actual results (while controlling for other variables), the contribution of each
factor was evaluated. (4) Trend prediction: Based on population data from 2022 to 2040, the Bayesian age-period-cohort
(BAPC) model in R was used to predict future trends. This model improves prediction accuracy and avoids issues of

mixing and convergence found in traditional Bayesian methods (see supplementary materials for details).

All statistical analyses and data visualization were conducted in R version 4.3.1, with statistical significance set at P <0.05.

Results

Burden of LBP Due to Occupational Ergonomic Factors in China, 2021
In 2021, the total number of YLDs caused by LBP related to occupational ergonomic factors in China was 3,314,128.7 (95%
uncertainty interval: 2,275,895.5-4,532,168.1). The YLD rate was 232.9 (160.0-318.6) per 100,000, and the age-standardized
YLD rate was 178.4 (122.5-243.6) per 100,000. All indicators were higher in females than in males. Females had 1,916,297.6
(1,268,797.0-2,697,981.0) YLDs, while males had 1,397,831.1 (934,966.0-1,938,797.6) YLDs. The YLD rate for females
was 275.9 (182.7-388.4) per 100,000, and for males it was 192.0 (128.4-266.3) per 100,000. The age-standardized YLD rate
for females was 208.0 (140.9-286.3) per 100,000, compared to 149.8 (100.2-207.7) per 100,000 for males.

By age group, YLDs due to occupational ergonomic factors increased with age, peaking at 530,510.7 in the 50-54 age
group, and then declined. Analysis by sex showed that males had a lower burden of LBP related to occupational ergonomic
factors than females, with the difference being most pronounced in the 50-59 age group (see Table 1 for details).
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Table | Burden of Low Back Pain Attributable to Occupational Ergonomic Factors in China in 1990 and 2021

YLD 1990 2021
Number (95%Ul) Rate (95%Ul) ASR (95%Ul) Number (95%Ul) Rate (95%Ul) ASR (95%Ul) EAPC of ASR (95% ClI)
Male 1375605.9(944949.2,1848028.7) | 226.7(155.7,304.5) 242.1 1,397,831.1(934966.0,1938797.6) | 192.0(128.4,266.3) 149.8 —1.6(—1.7,-1.5)
(168.6,324.1) (100.2,207.7)

Female 1792683.8 314.7(213.1,432.5) 3316 1,916,297.6 275.9(182.7,388.4) 208.0 —1.4(-1.5,-1.2)
(1213928.2,2463324.0) (225.0,450.3) (1268797.0,2697981.0) (140.9,286.3)

Both 3168289.7 269.3(189.0,362.8) 285.3 3,314,128.7 232.9(160.0,318.6) 178.4 —1.5(-1.6,-1.4)
(2,223260.7,4267919.1) (198.7,384.6) (2275895.5,4532168.1) (122.5,243.6)

Age

I5-19 130563.9(72181.4,206899.7) 103.1(57.0,163.3) / 55,860.7(31661.7,90553.5) 74.8(42.4,121.3) / /

years

20-24 252212.8(142529.4,402686.2) 191.1(108.0,305.1) / 106,900.8(62075.0,169044.4) 146.1(84.8,231.0) / /

years

25-29 277916.4(149775.4,430680.3) 252.9(136.3,391.9) / 142,758.4(78,407.0,225,280.5) 165.1(90.7,260.5) / /

years

30-34 290599.8(164007.5,454659.1) 329.3(185.9,515.2) / 225,035.3(127855.9,357604.6) 185.7(105.5,295.2) / /

years

35-39 407216.5(240477.4,625551.8) 445.8(263.3,684.9) / 268,583.1(154152.8,411212.9) 253.5(145.5,388.1) / /

years

40-44 365034.0(215882.5,569957.1) 544.1(321.8,849.5) / 305,847.5(187157.3,478774.8) 334.1(204.5,523.1) / /

years

45-49 324728.6(194026.8,521626.4) 629.1 / 446,843.2(262723.1,725164.2) 405.0(238.1,657.3) / /

years (375.9,1010.5)

50-54 323662.0(181136.9,494833.3) 6784 / 530,510.7(302598.8,809414.4) 438.9(250.4,669.7) / /

years (379.7,1037.1)

55-59 291541.8(165896.1,451362.2) 672.2 / 484,303.3(269226.9,783269.3) 440.5(244.9,712.4) / /

years (382.5,1040.7)

60-64 215343.9(123940.4,357038.4) 609.4 / 283,485.6(169882.0,463839.0) 388.3(232.7,635.4) / /

years (350.7,1010.4)

65-69 148618.1(87044.0,232982.4) 544.8(319.1,854.0) / 238,734.4(138767.5,399512.0) 311.2(180.9,520.9) / /

years

70-74 88846.2(47978.3,142058.9) 472.1(255.0,754.9) / 136,542.0(73699.8,220757.4) 256.2(138.3,414.2) / /

years

75-79 41495.5(23289.3,67640.2) 364.6(204.6,594.3) / 66,616.1(37261.8,112573.4) 201.1(112.5,339.9) / /

years

80+ years 10510.1(6105.6,18173.9) 143.4(83.3,247.9) / 22,107.7(12318.7,37179.2) 67.2(37.5,113.0) / /
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Trends in the Burden of LBP Due to Occupational Ergonomic Factors in China,
1990-2021

From 1990 to 2021, the overall burden of LBP caused by occupational ergonomic factors in China showed a decreasing
trend. The number of YLDs increased from 3,168,289.7 (95% uncertainty interval: 2,223,260.7—4,267,919.1) in 1990 to
3,314,128.7 (2,275,895.5-4,532,168.1) in 2021, with an estimated annual percent change (EAPC) of 0.3 (0.2-0.4). The
YLD rate decreased from 269.3 (189.0-362.8) per 100,000 in 1990 to 232.9 (160.0-318.6) per 100,000 in 2021 (EAPC =
—0.3, 95% CI: —0.4, —0.2), and the age-standardized YLD rate declined from 285.3 (198.7-384.6) per 100,000 to 178.4
(122.5-243.6) per 100,000 (EAPC = —1.5, 95% CI: —1.6, —1.4) (see Figure 1).

By sex, both males and females experienced a slight increase in the number of YLDs from occupational ergonomic
factors over this period, but both the YLD rate and the age-standardized YLD rate decreased. Overall, females
consistently had a higher burden of LBP than males (see Figure 1).

By age group, the YLD rate for occupational ergonomic-related LBP showed a downward trend across all age groups
from 1990 to 2021, with the 50-59 age group remaining the highest. In addition, the trends in the number of YLDs varied
by age, with the 35-59 age group accounting for the largest number of cases throughout the period (see Figure 2).

Joinpoint Regression Analysis of the Burden of LBP Due to Occupational Ergonomic

Factors in China, 1990-2021

From 1990 to 2021, the average annual percent change (AAPC) in the number of YLDs, YLD rate, and age-standardized
YLD rate for LBP caused by occupational ergonomic factors in China was 0.160 (95% CI: 0.117-0.202), —0.460 (95%
CI: —0.504 - —0.416) and —1.492 (95% CI: —1.549 - —1.435), p<0.01, respectively (see Figure 3).
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Figure | Time trends in the burden of LBP related to occupational ergonomic factors in China, 1990-2021 (A) Trends in YLDs (total, male, female); (B) Trends in YLD rate
(total, male, female); (C) Trends in age-standardized YLD rate (total, male, female).
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Figure 3 Joinpoint regression models for the burden of LBP related to occupational ergonomic factors in China, 19902021 (A) Joinpoint regression model for YLDs;
(B) Joinpoint regression model for YLD rate; (C) Joinpoint regression model for age-standardized YLD rate; (D) Decomposition analysis of YLD rate.

Age-Period-Cohort Analysis of the Burden of LBP Due to Occupational Ergonomic
Factors in China, 1990-2021|

Between 1990 and 2021, the net drift of the YLD rate for LBP caused by occupational ergonomic factors in China was
—1.37, indicating an overall downward trend. The age effect showed that the YLD rate increased with age, peaked in the
52.5-year age group, and then declined. For the period effect, using 2004 as the reference year (relative risk, RR = 1.00),
the YLD rate decreased steadily, reaching its lowest point in 2019 (RR = 0.79). The cohort effect showed a clear
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decreasing trend as well; with the 1957 birth cohort as the reference (RR = 1.00), the YLD rate declined in later cohorts,
reaching the lowest level in the 2002 cohort (RR = 0.57) (see Figure 4).

Decomposition Analysis of the Burden of LBP Due to Occupational Ergonomic

Factors

To assess the effects of population aging, epidemiological changes, and population growth on the trend of LBP burden
caused by occupational ergonomic factors from 1990 to 2021, a decomposition analysis was performed. The results
showed that changes in the YLD rate were mainly attributed to factors other than age structure and population size. The
absolute contribution of these other factors was —1,575,599.0, with a relative contribution of —1,080.4% (see Figure 3).

Projection of the Burden of LBP Due to Occupational Ergonomic Factors

Using population projections from 2022 to 2040, this study applied a Bayesian age-period-cohort (BAPC) model to
predict future trends in the burden of LBP caused by occupational ergonomic factors in China over the next 20 years. In
the analysis, solid lines represent observed data from the GBD 2021 report (1990-2021), while dashed lines indicate
predictions for 2022-2040 based on the BAPC model within the INLA framework.

The results show that the age-standardized YLD rate for occupational ergonomic-related LBP in China is expected to
continue decreasing, reaching 194.3 per 100,000 by 2040. The total number of YLDs is projected to decline to
2,278,621.6 by 2040. Age-specific analysis suggests that YLD rates will decrease across all age groups, but the total
number of YLDs among people aged 60 years and above is expected to rise (see Figure 5).

Discussion

Using data from the Global Burden of Disease Study 2021 (GBD 2021), this study systematically described the dynamic
patterns, trends, and main drivers of the burden of LBP related to occupational ergonomic factors in China. The results
showed significant differences in disease burden by sex, age, and over time in 2021. Specifically, the total number of
YLDs from occupational ergonomic-related LBP was 3.314 million (95% uncertainty interval: 2.276-4.532 million),
with an age-standardized YLD rate of 178.4 per 100,000. Females had a higher disease burden than males (age-
standardized YLD rate: 208.0 vs 149.8 per 100,000), and the greatest burden was observed in the 50-54 age group
(531,000 YLDs). From 1990 to 2021, the total YLDs increased (AAPC = 5,029.234%), while both the YLD rate and age-
standardized YLD rate declined annually by —0.3% and —1.5%, respectively (EAPC = —0.3%, EAPC = —1.5%). Age-
period-cohort (APC) analysis indicated that both the period effect after 2004 (2019 RR = 0.79) and the declining risk in
younger birth cohorts (2002 cohort RR = 0.57) contributed to the overall reduction in disease burden. Decomposition
analysis further confirmed that non-demographic factors, mainly epidemiological changes, were the main contributors to
the decrease in the age-standardized rate, with an absolute contribution of —1,575,599.0 and a relative contribution of
—1,080.4%. Future projections suggest that by 2040, the age-standardized YLD rate will decline to 194.3 per 100,000,
but the total YLDs among those aged 60 and above will continue to rise, highlighting ongoing challenges from both
population aging and cumulative occupational exposure. These findings underscore the public health importance of
occupational ergonomic-related LBP in China and provide key evidence for optimizing industry-specific ergonomic
standards and developing targeted workforce health management strategies.

High Overall Burden but Declining Trend

China has had a high global burden of LBP due to occupational ergonomic factors for many years. In 2021, the total
YLDs from occupational ergonomic-related LBP reached 3,314,128.7, reflecting a significant disease burden. This can be
attributed to China’s large population, rapidly changing demographics, diverse work environments, and uneven distribu-
tion of medical resources. Decomposition analysis showed that, while epidemiological changes are the main driver of
changes in YLDs, population aging and growth also have substantial impacts. The relative contributions of population
aging and growth to total YLDs were 503.9% and 676.5% respectively, together exceeding the contribution of
epidemiological factors. This highlights the deep influence of demographic transition on disease burden. With the
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Figure 5 Projections of the burden of LBP related to occupational ergonomic factors in China, 2022-2040 (A) Projected YLDs; (B) Projected age-standardized YLD rate;
(C) Projected YLDs by age group; (D) Projected YLD rate by age group.

acceleration of population aging, the burden of LBP is expected to increase.'”> By 2023, the population aged 60 years and
above had reached 297 million, accounting for 21.1% of the total population, with an average annual growth rate of
3.2%."® In the next 20 years, China is projected to become one of the most aged countries in the world.'® Aging increases
the absolute number of LBP cases, and age-stratified analysis also confirms that older adults are at higher risk for
a heavier disease burden. In addition, rapid urbanization and industrialization have further increased the health burden of
occupational ergonomic-related LBP. Urbanization has led to more sedentary jobs (such as office and computer work),
raising the risk of chronic LBP due to muscle and soft tissue strain.'” 2° At the same time, industrialization has resulted
in large numbers of workers engaged in high-intensity, repetitive physical labor, increasing the risk of spinal degeneration
and injury.>' ** Uneven distribution of medical resources is also a key reason for the current heavy burden of LBP. There
are significant differences in healthcare resources between urban and rural areas, and a shortage of specialized spine
surgeons in primary healthcare means that many patients cannot receive timely, standardized treatment, which increases
the health and social burden.”>*® Despite these challenges, it is notable that the burden of occupational ergonomic-related
LBP in China is showing a downward trend. The annual percent change in YLD rate and age-standardized YLD rate is
—0.3% and —1.5%, respectively (EAPC = —0.3%, EAPC = —1.5%), reflecting a gradual reduction in per capita burden.
This trend is consistent with previous research™'' and may be related to strengthened public health interventions,
improved health policies, and the active promotion of health strategies in recent years.
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Epidemiological Dominance, Sex and Age Differences, and Distinct Period and Cohort

Effects in Disease Burden
This study found that the burden of LBP due to occupational ergonomic factors in China is strongly influenced by
epidemiological factors, with clear differences by sex and age, as well as notable period and birth cohort effects.

By dividing the disease burden into three components—population aging, population growth, and epidemiological
factors—and quantifying their effects, the analysis showed that epidemiological factors had an absolute contribution of
—1,575,599.0 and a relative contribution of —1,080.4% to the burden of LBP. This indicates that epidemiological factors
play a dominant role in changes in disease burden, which is consistent with previous studies."'

Sex and age differences also exhibit a distinct pattern in the burden of LBP, characterized by a generally higher
burden among females and a higher incidence in middle-aged groups. This pattern has been reported across many
countries.”?’” The higher burden among females may be associated with physiological, anatomical, and behavioral
differences. First, hormonal fluctuations in females are more pronounced than in males. Changes in estrogen and
progesterone levels before and after menstruation, as well as the withdrawal of progesterone after pregnancy, can affect
pain sensitivity.”® Additionally, the sharp decline in estrogen after menopause may lead to osteoporotic LBP.*° In
contrast, testosterone in males has a protective effect due to its anti-inflammatory and analgesic properties, which may
reduce males’ sensitivity to pain. Anatomical differences also play a significant role. Males typically have greater muscle
mass and stronger skeletal structures than females, which may offer more resistance to lumbar strain.>%3! Moreover,
females tend to have wider pelvises and more pronounced lumbar lordosis, which significantly increases lumbar load
during pregnancy. The anterior shift of the body’s center of gravity in pregnancy leads to increased strain on lumbar
muscles and ligaments, causing relaxation and chronic overuse injuries’® Behavioral factors also contribute to the
observed sex differences. Females often take on caregiving responsibilities at home, such as looking after children.
Activities like frequent bending and lifting of children increase lumbar load and accelerate the onset of LBP.
Additionally, specific occupational or daily movement patterns may raise LBP risk in females. For instance, female
physical therapists who climb stairs less frequently may have a higher risk of developing LBP, as stair climbing
strengthens the gluteus maximus, and weakness in this muscle is associated with LBP.**** Psychological and emotional
factors may further influence the development and prognosis of LBP in females. Women are generally more susceptible
to stress, which can contribute to the onset of LBP. Studies have shown that under high cognitive load and psychological
stress, females may have a stronger tendency to suppress negative thoughts, which can exacerbate depressive symptoms
and subsequently affect physical health, including the occurrence of LBP.>*

Age-stratified analysis and the APC model both indicate that middle-aged adults, especially those aged 50-59, carry
the highest burden of LBP."' This is closely linked to degenerative changes in the spine and the cumulative effects of
occupational exposure. With aging, structures such as intervertebral discs, joints, and ligaments gradually degenerate, and
long-term repetitive mechanical stress can cause tissue damage and nerve sensitization, triggering or worsening LBP.>> 7
Occupational exposure also shows a dose-cumulative effect, where long-term work in high-risk settings reduces the
body’s self-repair capacity and increases the incidence of LBP in middle age. Some studies have found that LBP can
begin in adolescence, and without effective prevention and intervention, it tends to become more common and severe in
later adulthood.*®

In addition, the APC model revealed clear period and cohort effects for occupational ergonomic-related LBP in
China. The period effect analysis showed a downward trend in disease burden following the introduction of the

Occupational Disease Prevention Law and strengthened occupational health management in the early 21st century.***

Advances in medical technology (such as the wider use of infrared therapy and shockwave treatments)***!

and improved
health awareness (including health education and promotion of core muscle exercises)*** have also played a positive
role in reducing the disease burden. The decreasing cohort effect suggests that new generations of workers are benefiting
from better occupational protection and greater health awareness, leading to a gradual reduction in the risk of LBP.

In summary, prevention and control of occupational ergonomic-related LBP is not only a challenge for clinical

practice, but also requires effective policy implementation, balanced allocation of rehabilitation resources, and focused
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interventions for high-risk groups such as women and middle-aged adults. A comprehensive, multi-level approach will
help build a health management system that meets the needs of China’s changing population and occupational landscape.

Public Health Recommendations: Improving Age-Standardized Rates and Addressing
the Rising Burden Among Older Adults

Projections for occupational ergonomic-related LBP in China show a divided pattern: age-standardized YLD rates are
expected to decline from 178.4 per 100,000 in 2021 to 194.3 per 100,000 in 2040 (an average annual decrease of 0.92%),
suggesting that the use of ergonomic technologies (such as ergonomic chairs) and occupational health policies (such as the
Occupational Disease Prevention Law) have had initial positive effects.’*° However, the total YLDs among people aged 60
and above will continue to rise, mainly due to the accelerating trend of population aging and the delayed effects of cumulative
occupational injuries. According to recent policy documents, the statutory retirement age in China has generally been
extended by 1 to 3 years, which has, to some extent, prolonged the working period of middle-aged and older adults, thereby
increasing their occupational health risks. To address these trends, it is recommended to build an integrated intervention
network covering prevention, treatment, and management. At the technical level, initiatives such as the “lumbar support
device trials in Yunnan” could serve as a model. Age-appropriate ergonomic designs, such as lumbar exoskeletons, should be
promoted in industries with a high proportion of older workers, such as domestic services. For health management, spinal
function screening should be included in routine health check-ups to help reduce the cumulative effect of physical load.* In
terms of medical resource allocation, spinal health management centers should be established within community healthcare
systems to expand access to non-pharmacological therapies (such as heat therapy and core muscle training). On the policy
level, linking retirement policies with chronic LBP work injury insurance, and making use of Al-based risk prediction
models, can help target high-risk sectors and populations more precisely. These measures may help to mitigate the combined
risks from aging and occupational exposure and offer valuable experience for global occupational health management.

Limitations

Although this study provides a comprehensive assessment and projection of the burden of LBP related to occupational
ergonomic factors in China, several limitations should be noted. First, the analysis mainly relied on the GBD database,
which may have incomplete or outdated data in some low-income or remote areas, potentially leading to an under-
estimation of the disease burden. Additionally, the reliance on secondary data from the GBD database necessitates
considering the impact of data quality and potential biases, which may affect the accuracy of the results. Second, the
BAPC model used for future projections did not fully account for external factors such as policy changes and advances in
medical interventions, which may affect the accuracy of the predictions. Furthermore, although key factors such as sex,
age, and population aging were considered, other important variables—such as socioeconomic status, access to medical
resources, and chronic comorbidities—were not fully included, which may limit the overall interpretation of the disease
burden. Finally, due to the lack of detailed provincial and urban data, regional differences could not be analyzed.
Variations in economic development, healthcare resource allocation, and health policies across regions may lead to
significant geographical differences in disease burden. Future research should use more diverse data sources, improve the
adaptability of prediction models to external variables, and fully consider regional differences and potential influencing
factors to enhance the scientific value and accuracy of disease burden assessments.

Conclusion

Based on data from the GBD 2021 database, this study analyzed the burden, trends, driving factors, and future
projections of LBP caused by occupational ergonomic factors in China over the past 30 years. The findings indicate
that the overall burden remains high, with an age-standardized rate continuing to decline. However, due to population
aging and cumulative occupational exposure, the burden among older adults is increasing. The observed sex and age
differences, as well as period and cohort effects, highlight high-risk groups and key intervention windows. With the aging
population and changes in occupational structure, the prevention and control of occupational ergonomic-related LBP will
remain a challenge in the future. Based on the study’s findings, it is recommended to: 1) develop an integrated system of
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prevention, treatment, and management by improving ergonomic technology, strengthening health management, balan-
cing medical resources, and promoting policy innovation; and 2) pay special attention to older adults and high-risk
occupational groups to support the ongoing improvement of occupational health policies.
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