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Background: High body mass index (BMI) is a crucial determinant in low back pain (LBP) incidence and progression. However, the effect of increased BMI on LBP has been largely overlooked at the global, regional, and national levels. This research aimed to use data from the 2021 global burden of disease (GBD) study to determine trends associated with LBP due to high BMI from 1990 to 2021, thereby providing evidence for developing targeted policies.

Methods: Epidemiological data on the association between high BMI and LBP is obtained from the GBD 2021. Disability-adjusted life-years (DALYs) attributable to high BMI-related LBP are stratified by year, age, country, and socio-demographic index (SDI). The estimated annual percentage change (EAPC) was calculated to evaluate the trends from 1990 to 2021. A Bayesian age-period cohort (BAPC) model was used to assess the corresponding trends from 2022 to 2036. Additionally, statistical models, such as decomposition analysis and frontier analysis, were used.

Results: According to the GBD 2021, the number of DALYs caused by LBP attributed to high BMI reached 8,363,759 in 2021, which is an increase of 170.97% since 1990. The age-standardized rate of disability-adjusted life years (ASDR) for LBP caused by high BMI has been increasing from 1990 to 2021, with an EAPC of 1.14%. Among the five SDI regions, ASDR has increased. High-income North Americans exhibited the highest risk of LBP caused by high BMI, with Hungary being the most affected. Frontier analysis highlights the urgent need for intervention in countries such as the Netherlands, Germany, and Canada. Finally, the burden of LBP related to high BMI will continue to rise from 2022 to 2036.

Conclusion: Between 1990 and 2021, there was a global increase in lower back pain due to high BMI, with a projected continuation of this trend. Monitoring BMI is crucial for developing region-specific and national strategies, and research emphasizes the urgency of reducing the health burden of high BMI and improving the quality of life for the global population.
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1 Introduction

Low back pain (LBP), a prevalent musculoskeletal condition, has appeared as a significant global public health challenge (1). Definition Clinically, LBP is defined as pain in the lower back region, from the lower edge of the twelfth rib to the gluteal fold, with or without pain radiating to one or both lower limbs, lasting for at least one day (2). The International Classification of Diseases, Ninth Revision, code for this condition is 724, specifically indicating LBP. The global burden of disease (GBD) study determines LBP as a major contributor to disability globally (3). In the global context of disability-adjusted life years (DALYs), LBP is the ninth leading cause, yet it tops the list in terms of years lived with disability (YLDs), representing 2.5% and 7.41% of the total global DALYs and YLDs, respectively (4). The global incidence of back pain across all age groups in 2019 was documented at 2,887.97 cases per 100,000 people, indicating a 3.49% increase since 1990 (5). This upward trajectory emphasizes the substantial effect of LBP on individual health and its considerable burden on social welfare and healthcare systems. The consequences of LBP are far-reaching; it is intricately related to chronic disability, declined quality of life, and a notable healthcare expenditure escalation. This includes the extensive use of medical resources, including pharmaceuticals, medical consultations, radiological examinations, and physical therapy (6–9). Consequently, the economic and social burden of LBP is increasing, posing a formidable challenge to individuals, society, and healthcare systems alike. Addressing this issue warrants a concerted effort to mitigate the effect of LBP and to develop sustainable strategies that alleviate the strain on both individuals and healthcare resources.

The GBD study is a worldwide health research initiative aimed at assessing the impact of various diseases, injuries, and risk factors on human health globally, providing timely, effective, and relevant health outcome assessments (10, 11). The GBD data collection process quantifies the severity of all principal diseases, risk factors, and intermediate clinical outcomes, facilitating comparisons over various timeframes, among diverse populations, and across a range of health concerns (12). In addition, it supports the creation of effective health policies, the forecasting of future health trends, and the timely surveillance of global health status, supplying a wealth of resources for global health research and policy development (13–15).

According to the definitions provided by the GBD study, for adults aged 20 and above, a high body mass index (BMI) is defined as exceeding the range of 20 to 25 kg/m2 (16). In the case of children and teenagers aged 1 to 19, their BMI is classified according to the criteria established by the International Obesity Task Force (IOTF): a BMI between 18.02 and 25 kg/m2 is considered overweight, and a BMI above the 19.81 to 30 kg/m2 range is classified as obese (17). Increased BMI levels are associated with an increased risk of numerous health conditions, including cardiovascular diseases, metabolic syndrome, chronic kidney disease, abnormal blood lipid levels, hypertension, specific cancer types, obstructive sleep apnea, osteoarthritis, and depression (18–21). These diseases present significant health difficulties for patients and impose a substantial economic strain on healthcare systems. The medical costs for individuals with high BMI are approximately 30% higher than for those with a normal BMI (22). A more than two-and-a-half-fold increase in global deaths and DALYs due to high BMI has been reported from 1990 to 2021. During this period, the age-standardized DALYs rate for women increased by 21.7%, whereas it exhibited a more pronounced rise for men, amounting to 31.2% (23).

Previous research has indicated BMI and excessive physical activity as key contributors to persistent postpartum LBP (24). Additionally, studies have revealed a significant correlation between BMI and the risk of all types of back pain, with an especially close association with LBP (25). Studies by Japanese researchers have further established a significant positive correlation between BMI and LBP persistence (26). High BMI is a modifiable risk factor adjusted through changes in behavior, but its significance remains unrecognized in the study of musculoskeletal diseases, especially in research related to LBP. We need to obtain precise and timely quantitative data at both regional and global levels to effectively tackle this challenge. Hence, we used data from the 2021 GBD to conduct a thorough analysis of the trends in DALYs from 1990 to 2021, both globally and for each country, and we also forecasted future disease burdens. These research finding not only add to the existing research but also significantly guide the formulation and promotion of preventive strategies for LBP induced by high BMI. We hope that these research efforts will help reduce the effect of high BMI on the burden of lower back pain and thus increase the global public health standards.



2 Materials and methods


2.1 Data source

We obtained data on LBP attributed to high BMI from the GBD 2021 results tool on the GHDx platform (ghdx.healthdata.org/gbd-results-tool). To date, the GBD 2021 has gathered data on 371 diseases and injuries, including incidence, prevalence, mortality, YLDs, and DALYs, across 204 countries and territories from 1990 to 2021, as well as data on 88 risk factors (24). The nuanced methodologies underpinning the GBD 2021 and its comparative risk assessment for increased BMI have been elaborated in other sources, whereas our retrieved dataset encompasses the following (27): (1) global, regional, and nation-specific age-standardized DALYs rates for LBP related to high BMI across three gender groups from 1990 to 2021; (2) corresponding global, regional, and national age-standardized DALYs rates for high BMI-attributed LBP among three gender groups from 1990 to 2019; (3) socio-demographic index (SDI) scores for 204 countries and territories ranging from 1990 to 2019; and (4) anticipated shifts in global population demographics from 2020 to 2050. The GBD database, which is an open-source epidemiological database, aims to quantify global health and disease trends. Ethical approval from an institutional review board was waived for this study because of the public nature of the GBD 2021 data (28).



2.2 Definition

The burden of LBP attributable to high BMI is evaluated based on the level of national development, as indicated by the SDI (29). The SDI is a composite indicator that combines three separate indicators: the total fertility rate for women under 25 years of age, the average educational attainment for individuals aged ≥ 15 years, and the per capita income with a lag distribution. The 204 countries and regions are categorized based on these criteria into five groups according to their SDI values: low SDI (< 0.45), lower-middle SDI (0.45 to < 0.61), middle SDI (0.61 to < 0.69), upper-middle SDI (0.69 to < 0.80), and high SDI (≥ 0.80).



2.3 Statistical analysis

In this study, we tracked trends by the estimated annual percentage change (EAPC) in age-standardized DALYs (ASDR) from 1990 to 2021. The EAPC was estimated according to a linear model expressed as y = α+βx+ε, where y denotes the natural logarithm of ASDR, x indicates the corresponding year, and β represents the linear regression coefficient. The EAPC is determined based on this model using the formula EAPC = 100 × (exp(β)−1). An EAPC and its 95% confidence interval (CI) of > 0 indicate an increasing ASDR, < 0 denotes a decreasing ASDR, and inclusion of 0 within the 95% CI represents no significant variation in the rate (30). We conducted a decomposition analysis to determine the individual contributions of various independent factors affecting DALYs attributed to high BMI-related LBP, including population age structure, population growth, and epidemiological shifts. We assessed the extent to which specific factors affect epidemiological trends by comparing ideal scenario outcomes with real-world outcomes while controlling other variables (31, 32). Additionally, the correlation between the SDI and age-standardized DALYs was calculated using Pearson’s correlation coefficient. Frontier analysis was conducted to evaluate the ideal levels of DALYs at the respective SDI levels for 204 countries and territorieand to pinpoint the regions with the starkest disparities (33, 34). Therefore, we used the Integrated Nested Laplace Approximation (INLA) framework and Bayesian Age-Period-Cohort (BAPC) models to project future trends (35). The INLA framework, when combined with the BAPC model, is used to approximate marginal posterior distributions, effectively avoiding the mixing and convergence issues associated with traditional Bayesian methods that rely on Markov Chain Monte Carlo sampling techniques (36). All BAPC analyses were conducted using the R packages “BAPC” (version 0.0.36) and “INLA.” R version 4.4.0 was used for statistical analyses and data visualization, considering a P-value of < 0.05 as statistically significant.




3 Results


3.1 Global trends in DALYs due to LBP attributed to high BMI

The number of global DALYs attributed to LBP due to high BMI more than tripled from 1990 to 2021, increasing from 3,086,573 in 1990 to 8,363,759 in 2021. Concurrently, the ASDR increased from 70.22 to 97.66 per 100,000 people, with a global EAPC value of 1.14 (95% CI: 1.11–1.17) (Table 1 and Figure 1). The increasing trend in ASDR and DALYs was slightly higher for males than for females, although the burden among females was significantly greater than among males. The highest ASDR in 2021 was observed in high SDI regions, peaking at 161.80 (95% CI: 16.00–332.59), with a decrease in ASDR as SDI levels. The disease burden was greater in high SDI regions, but a more significant increasing trend in ASDR was observed in regions with medium SDI (EAPC: 2.18 [95% CI: 2.13–2.22]), medium–low SDI (EAPC: 2.46 [95% CI: 2.41–2.52]), and low SDI (EAPC: 1.98 [95% CI: 1.92–2.04]). Figure 2 illustrates the distributional differences in DALYs among various age groups in 2021 across the globe and in countries with different SDI levels. A skewed distribution of DALYs across age groups was evident in medium–low SDI and low SDI regions, whereas other regions demonstrated an approximately normal distribution. The highest DALYs rates in high SDI regions were observed in women aged 70–74 years and men aged 65–69 years. The peak DALYs rates in the 55–59-year age group for women and in the 60–64-year age group for men in medium–low SDI regions. Additionally, the crude DALYs rates for all age groups significantly increased in all SDI regions between 1990 and 2021 (Supplementary Figure 1).


TABLE 1 DALYs and ASDR of low back pain attributable to high body mass index in 1990 and 2021, with EAPC from 1990 to 2021.
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FIGURE 1
Changes in the ASDR of LBP attributable to high BMI globally and in different SDI regions from 1990 to 2021. (A) Both genders; (B) male; (C) female; (D) global. DALYs, disability-adjusted life-years; LBP, low back pain; BMI, body mass index; SDI, socio demographic index.
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FIGURE 2
Age-standardized numbers and rates of DALYs of LBP attributable to high BMI by age and gender, in 2021. (A) Global; (B) high SDI; (C) high–middle SDI; (D) middle SDI; (E) low–middle SDI; (F) low SDI. DALYs, disability-adjusted life-years; LBP, low back pain; BMI, body mass index; SDI, socio demographic index.




3.2 Global assessment of the disease burden of LBP caused by high BMI in 2021

The crude DALYs rates demonstrated an increasing trend not only from young individuals to the elderly but also from high SDI regions to low SDI regions in 2021 (Supplementary Figure 2). A world map illustrates the high heterogeneity of ASDR attributed to high BMI-related LBP and the corresponding EAPC across various countries and regions in 2021 (Figure 3). Notably high ASDR were determined in several countries in the South Pacific, as well as in the majority of countries in North America and Northern Europe (Figure 3A). The disease burden in nearly every country underwent an increase in terms of EAPC values to some extent from 1990 to 2021, with the most notable spikes in Cambodia and North Korea (Figure 3B and Supplementary Table 1).
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FIGURE 3
The global disease burden of LBP attributable to high BMI for both sexes combined in 204 countries and territories. (A) The spatial distribution of LBP ASDR attributable to high BMI in 2021. (B) The EAPC in LBP ASDR attributable to high BMI from 1990 to 2021. DALYs, disability-adjusted life-years; ASDR, age-standardized DALYs rate; EAPC, estimated annual percentage; LBP, low back pain; BMI, body mass index; SDI, socio demographic index.




3.3 Correlation analysis

The baseline prevalence of LBP attributed to high BMI was indicated by the ASDR in 1990. Our study determined a significant negative correlation between the EAPC and ASDR (Figure 4A; Pearson’s r = −0.61; P < 0.001).
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FIGURE 4
Correlation analysis and decomposition analysis. (A) Correlation between EAPC and ASDR of LBP attributed to high BMI in 1990. (B) Changes DALYs according to population-level determinants of aging, population growth, and epidemiological change from 1990 to 2021 at the global level and by SDI quintile. DALYs, disability-adjusted life-years; ASDR, age-standardized DALYs rate; EAPC, estimated annual percentage; LBP, low back pain; BMI, body mass index; SDI, socio demographic index.




3.4 Decomposition analysis

This study conducted a decomposition analysis of the original DALYs using data from 1990 to 2021 to evaluate the effect of aging, population growth, and epidemiological changes on the burden of LBP attributed to high BMI. Population growth and changes in epidemiology on a global scale were responsible for 63.08% and 42.51% of the increased burden of LBP attributed to high BMI, respectively. The effect of changes in epidemiology was most pronounced in regions with middle SDI, constituting 53.13%. The contributions in high, low-middle, high-middle, and low SDI regions were 37.12%, 51.05%, 28.26%, and 41.88%, respectively. The contribution of demographic aging was predominantly noticeable in higher SDI regions (high-middle SDI [20.35%], high SDI [14.8%], middle SDI [−0.47%], low-middle SDI [−0.08%], and low SDI [−0.65%]). The influence of population growth was uniformly comparable across the SDI regions (Figure 4B and Supplementary Table 2).



3.5 Trends of LBP attributed to high BMI in SDI regions or countries

The overall disease burden is increasing as the economy improves. The burden of LBP attributed to high BMI continues to increase when the SDI value is < 0.75 in 21 regions. The burden peaks when the SDI reaches 0.75. The burden begins to decline after exceeding 0.75. Regions, such as high-income North America, Australasia, and Central Europe, have a burden that is higher than anticipated, whereas East Asia, Southeast Asia, and high-income Asia-Pacific regions exhibit a burden that is lower than expected (Figure 5A). The burden of LBP caused by high BMI exceeds expectations in Hungary, Montenegro, Serbia, and Egypt, whereas the burden is below expectations in Timor-Leste, Vietnam, China, and South Korea (Figure 5B).


[image: image]

FIGURE 5
Association between age-standardized LBP attributed to high BMI DALYs and SDI. (A) Trend in ASDR of LBP attributed to high BMI among/across 21 regions and global based on SDI in 2021. (B) Trend in ASDR of LBP attributed to high BMI among/across 204 countries based on SDI in 2021. ASDR, age-standardized DALYs rate; LBP, low back pain; BMI, body mass index; SDI, socio demographic index.




3.6 Frontier analysis

This study used data from 1990 to 2021 and conducted a frontier analysis according to ASDR and SDI, considering the national development level, to investigate the potential for improvement in the burden of LBP attributed to high BMI (Figure 6A and Supplementary Table 7). The analysis identified 15 countries with the most significant actual potential for improvement. Nations, including the Netherlands, Germany, Canada, the United States of America, Guinea-Bissau, Greenland, Iceland, France, Gambia, Australia, San Marino, the United Kingdom, Czechia, Norway, and Togo, demonstrated higher ASDR compared to other countries with similar socio-demographic conditions. Border countries with a low SDI (< 0.5), such as Somalia, the Lao People’s Democratic Republic, Timor-Leste, Papua New Guinea, and Yemen, signal an urgent requirement for targeted health interventions. Conversely, countries, such as the Netherlands, Germany, Canada, the United States of America, and Iceland, despite their high SDI (> 0.85), exhibited a relatively high effective difference in development levels, indicating room for improvement in managing the burden of LBP due to high BMI (Figure 6B and Supplementary Tables 3–6).
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FIGURE 6
Frontier analysis results. (A) Illustrates leading-edge analysis based on ASDR and SDI from 1990 to 2021. Color levels range from light purple (1990) to dark purple (2021). The solid black line depicts the boundary. (B) Illustrates the leading-edge analysis based on ASDR and SDI in 2021. Solid black lines represent borders and dots represent countries and regions. The top 15 countries and territories with the largest effective differences are marked in black. Examples of border countries with low SDI (< 0.5) and low effective variance are marked in blue, and examples of countries and regions with high SDI (> 0.85) and relatively high effective variance are marked in red. Red dots indicate a decline in ASDR, while blue dots indicate an increase between 1990 and 2021. ASDR, age-standardized DALYs rate; SDI, socio demographic index.




3.7 Global disease burden of LBP attributed to high BMI forecast

We employed the BAPC model to project a significant increase in the ASDR for LBP attributed to high BMI among both males and females from 2021 to 2036 using the comprehensive GBD data spanning from 1990 to 2021. More specifically, globally, the ASDR for LBP due to high BMI in men is projected to reach 77.38 per 100,000 people in 2036 (Figure 7A). Similarly, ASDR for women is projected to climb to 143.77 per 100,000 people by 2036 (Figure 7B and Supplementary Table 7).
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FIGURE 7
Observed and predicted trends of ASDR of LBP attributed to high BMI by sex globally from 1990 to 2036 using the BAPC model. (A) ASDR of male. (B) ASDR of female. ASDR, age-standardized DALYs rate; LBP, low back pain; BMI, body mass index; BAPC, Bayesian age-period-cohort.





4 Discussion

Numerous studies confirmed obesity as a significant risk factor for LBP (37, 38). Currently, we use the BMI as the standard for measuring obesity (39). Individuals with obesity frequently have higher adipokine levels in their bodies, such as leptin in the serum. This hormone affects cellular metabolism, increasing proteases and nitric oxide (NO) production. Furthermore, introducing leptin into an inflammatory environment exacerbates its harmful effects, promoting inflammatory cytokine production, which may be one of the mechanisms causing back pain (40). Research indicates that patients with LBP with elevated BMI, especially women, exhibit more substantial fat infiltration in the paraspinal muscles at the thoracolumbar junction and more severe pathologies in the lower lumbar region (41). Hashem et al. (42) indicated that systemic inflammation may bridge the gap between a lack of physical activity and obesity in the etiology of chronic non-specific LBP. Moreover, a correlation between increasing BMI and increased disability was observed in LBP sufferers. Patients with severe obesity (II–III) do not demonstrate marked improvements, whereas some improvement in the disability is noted in overweight patients post-treatment (43). These results emphasize the strong association between high BMI or obesity and LBP pathogenesis.

Studies have revealed that various individual factors, including poor health status and physical and psychological stress, significantly increase the risk of LBP (44). The GBD 2019 estimates indicated that the DALYs for LBP are affected by three major risk factors: smoking accounts (15.7%), high BMI (6.7%), and occupational ergonomic factors (24%). Notably, the impact of high BMI is particularly significant in high-income North American regions, representing 11.4%. A higher proportion of LBP DALYs is attributed to high BMI in females when examining gender differences (45). The global mortality and DALYs attributed to high BMI have more than doubled from 1990 to 2017. The age-standardized DALYs rate associated with high BMI increased by a mere 12.7% in females, but it surged by 26.8% in males. Lower back pain ranked sixth among the primary causes contributing to high BMI-related DALYs in 2017. The age-standardized rate of DALYs demonstrated an increasing pattern in areas with the lowest SDI from 1990 to 2017 (46). A substantial increase in the global age-standardized DALYS rate due to high BMI, with an annual increment of 1.8% in exposure to high BMI, by 2021 (14). Consequently, the cumulative risk of LBP is on an upward trajectory alongside the growing burden of high BMI.

Previous research has already emphasized that both men and women have demonstrated a significant increase in deaths and DALYs due to high BMI from 1990 to 2021 (24). Our results align with this, indicating an increase in the ASDR of LBP caused by high BMI for both genders over 21 years, with similar increments observed. However, the ASDR for LBP due to high BMI in women (126.29 per 100,000) notably exceeded that in men by 2021 (67.56 per 100,000). These gender differences highlight the importance of formulating public health strategies that are tailored to each gender to tackle the expanding global implications of high BMI. The reasons for such gender discrepancies may include differences in pelvic architecture between women and men, as well as variations in hormonal levels during women’s menstrual cycles, pregnancy, and menopause, which could affect the functionality of ligaments and muscles, thereby increasing the risk of back pain (47). Moreover, the processes of pregnancy and childbirth may cause lower back muscle and ligament injuries (48). Women may be more susceptible to psychological factors, such as anxiety and depression, which could aggravate back pain perception (49). Finally, women’s potentially higher pain sensitivity could indicate a greater likelihood of experiencing back pain (50). Additionally, economic development, lifestyle changes, physical activity decreases, and dietary changes affect LBP development (51).

Additionally, we revealed that the burden of LBP due to high BMI increases with age. The crude DALYs rates for all age groups experienced a significant increase from 1990 to 2021 across all SDI regions. The highest DALYs rates in high SDI regions were found in women aged 70–74 years and men aged 65–69 years, whereas the DALYs rates peaked among women aged 55–59 years and men aged 60–64 years in medium and low SDI regions. These outcomes indicate that the LBP burden related to high BMI is more substantial in the elderly than in younger demographics. This trend can be ascribed to several contributing factors. First, the mounting challenge of an aging global population caused a notable upsurge in the burden of LBP due to high BMI. Our decomposition analysis indicates that population growth and epidemiological shifts accounted for 63.08 and 42.51%, respectively, of the heightened burden of LBP due to high BMI on a worldwide scale. Second, older adults are more likely to become obese due to slower metabolic rates, reduced physical activity, chronic disease and medication effects, and psychological factors (52). Third, many countries have implemented effective weight reduction measures that are expected to alleviate the disease burden in younger populations to address this challenge. In particular, the Luton City Council in the United Kingdom (UK) has taken steps to restrict advertising for unhealthy foods and beverages, thereby reducing residents’ exposure, especially among children (53). The WHO has issued fresh guidelines advocating for adopting sweeping mandatory policies to safeguard children of all age groups from the promotional activities surrounding high-sugar, high-salt, and high-fat foodstuffs (54). Moreover, a multitude of nations and territories have enforced levies on sugar-sweetened beverages (SSBs) to curtail their consumption and secure funds for public health endeavors. Studies from Mexico and the United States have demonstrated a contraction in SSBs sales and a concurrent upsurge in the sales of non-taxed drinks, such as water (55, 56). The UK’s imposition of a sugar tax has likewise prompted a decrease in the sugar content of beverages (57). The initiative of the United States to eliminate artificial trans fats from the food supply represents a monumental policy measure (58).

The burden of LBP caused by high BMI significantly differs globally, and this variation may be caused by a multitude of factors. Data from 2021 exhibit that the ASDR of LBP due to high BMI varies by nearly 17 times between countries. The ASDR is especially severe, particularly in some countries in the South Pacific, as well as in most countries in North America and Northern Europe. This may be associated with the dietary habits of residents in these regions, who may prefer foods that are high in calories, fat, and sugar. Moreover, the genetic heritage of Americans as descendants of nomadic tribes may predispose them to store fat as a strategy for dealing with food shortages. The history of colonization may have resulted in shifts in dietary practices in the South Pacific, thereby affecting the weight and health of the local population (59). Compared to sub-Saharan Africa and South Asia, Latin America has a higher ASDR for obesity-related lower back pain. This phenomenon may be attributed to the region’s rapid increase in obesity rates, unhealthy lifestyle habits, socio-economic challenges, the widespread popularity of processed foods, and the uneven distribution of medical resources (60). The EAPC values from the GBD study indicate that the disease burden in nearly every country increased to some degree from 1990 to 2021, with the most notable rises in Cambodia and North Korea. This could be caused by better economic conditions, resulting in diets that include more high-calorie foods, as well as the traditional diet of the North Korean ethnic group, which is known for its unique and rich ethnic flavors (61). From the EAPC, it can be observed that the trend of low back pain burden in Latin America is relatively stable or has a slower growth rate, while regions such as sub-Saharan Africa exhibit higher EAPC values. This discrepancy may reflect significant progress in the implementation of public health policies or therapeutic measures to address obesity issues in Latin America (62). In contrast, regions with higher EAPC values may experience a continuous increase in the burden of obesity-induced low back pain due to factors such as rapid urbanization, population aging, and changes in lifestyle (63). Furthermore, the quality and comprehensiveness of health data in different regions may also influence these differences, as the accuracy and timeliness of data are crucial for accurately reflecting the actual situation. Our research determined a significant negative correlation between EAPC and ASDR. There is significant variation in the burden of low back pain across different regions; some affluent countries have a higher actual burden than anticipated, while some Asian countries have a lower burden than expected. This indicates that countries should focus on and implement targeted prevention and intervention strategies according to their unique characteristics.

We conducted a frontier analysis at the national level using ASDR and SDI data. Noteworthily, excellent management capabilities have been demonstrated in countries with lower SDI (< 0.5), such as Somalia, Lao People’s Democratic Republic, Timor-Leste, Papua New Guinea, and Yemen. These countries are typical examples that showcase effective strategies for improving health outcomes under resource-limited conditions despite limited resources in these countries. In particular, Somalia has implemented the Somalia Nutrition Strategy (2020–2025), to address all forms of malnutrition, including overweight and obesity (64). Research in Timor-Leste has revealed the prevalence of underweight, overweight, and obesity statuses, along with associated factors among the 15–49-year-old demographic, potentially providing data to inform policy development (65). Conversely, countries with a higher SDI (> 0.85), such as the Netherlands, Germany, Canada, the United States, and Iceland, demonstrate a relatively more pronounced effective disparity in terms of development level. The German Health Update Study (GEDA 2019/2020-EHIS) reveals a significant proportion of overweight and obese adults in Germany, particularly within the 45–64-year age bracket. The study emphasizes the substantial potential for obesity prevention, requiring a focus on preventive initiatives to alter individual health behaviors and implement measures to reduce social health inequalities. This objective has yet to be fully realized, whereas Germany’s sustainable development strategy is aimed at curbing the increasing trend of obesity among adults (66). The Netherlands has incorporated measures against obesity into its national prevention strategy, which includes providing healthier food options in at least 2,500 sports clubs and 950 schools, with a commitment for half of the hospitals to provide healthier food choices by 2025. Additionally, the Netherlands has initiated various community-based intervention and movement programs targeting obesity, such as “CooL (Coaching on Lifestyle)” and the “National Prevention Strategy 2018.” However, there is scope for further improvement in managing the burden of LBP attributable to increased BMI levels (67).

This study has several limitations to be considered when interpreting the results. First, a high BMI is defined as > 25 kg/m2, with 20–25 kg/m2 considered the lower detection limit. Future studies should establish more specific criteria for personalized analysis to improve the precision of the assessment and increase the credibility of the results. Second, the absence of accessible or high-quality data in certain regions may decrease data accuracy and delay information provision, thereby potentially causing overestimations or underestimations of the disease burden for specific regions or time frames. Third, the GBD study lacks prevalence data on LBP due to high BMI, constraining our capability to integrate this vital information into our analysis. Finally, the global prevalence and childhood obesity could not be analyzed due to the lack of data despite their increase and significance. These limitations indicate a need for more careful and comprehensive approaches to data collection and analysis in future studies.



5 Conclusion

In summary, this study uses the most recently published GBD 2021 database to provide a comprehensive update on the global trends and burden of LBP caused by high BMI up to the year 2021. An increasing trend in LBP caused by high BMI globally was observed for 30 years, from 1990 to 2021, with a projected continuation of this increase, emphasizing its status as a significant and heretofore underappreciated element of the global disease burden. Engaging in consistent monitoring and appraisal of BMI has become imperative to develop region- and country-sensitive strategies that accommodate local particularities. The results of this study bring into focus the urgency of taking measures to alleviate the health burden due to high BMI and to improve the quality of life for the global population.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in this article/Supplementary material.



Author contributions

JZ: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review and editing. BW: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review and editing. CZ: Conceptualization, Methodology, Validation, Writing – original draft, Writing – review and editing. TW: Conceptualization, Data curation, Formal analysis, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review and editing. LY: Conceptualization, Funding acquisition, Methodology, Project administration, Resources, Validation, Visualization, Writing – original draft, Writing – review and editing. YZ: Conceptualization, Data curation, Funding acquisition, Project administration, Visualization, Writing – original draft, Writing – review and editing.



Funding

The authors declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

We wish to thank the GBD study for sharing the data.



Conflict of interest

The researchers state that the study was carried out in the absence of any commercial or financial ties, which might be construed as potential conflicts of interest.



Generative AI Statement

The authors declare that no Generative AI was used in the creation of this manuscript.



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/fnut.2024.1521567/full#supplementary-material



References

1. Knezevic N, Candido K, Vlaeyen J, Van Zundert J, Cohen S. Low back pain. Lancet Lond Engl. (2021) 398:78–92. doi: 10.1016/S0140-6736(21)00733-9

2. Hoy D, March L, Brooks P, Blyth F, Woolf A, Bain C, et al. The global burden of low back pain: Estimates from the Global Burden of disease 2010 study. Ann Rheum Dis. (2014) 73:968–74. doi: 10.1136/annrheumdis-2013-204428

3. Skivington K, Matthews L, Simpson S, Craig P, Baird J, Blazeby J, et al. A new framework for developing and evaluating complex interventions: Update of medical research council guidance. BMJ. (2021) 374:n2061. doi: 10.1016/j.ijnurstu.2024.104705

4. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: A systematic analysis for the Global Burden of disease study 2019. Lancet Lond Engl. (2020) 396:1204–22. doi: 10.1016/S0140-6736(20)30925-9

5. Gu Y, Wang Z, Shi H, He Y, Yang Y, Li Y, et al. Global, regional, and national change patterns in the incidence of low back pain from 1990 to 2019 and its predicted level in the next decade. Int J Public Health. (2024) 69:1606299. doi: 10.3389/ijph.2024.1606299

6. Gouveia N, Rodrigues A, Eusébio M, Ramiro S, Machado P, Canhão H, et al. Prevalence and social burden of active chronic low back pain in the adult Portuguese population: Results from a national survey. Rheumatol Int. (2016) 36(2):183–97. doi: 10.1007/s00296-015-3398-7

7. Wasiak R, Kim J, Pransky G. Work disability and costs caused by recurrence of low back pain: Longer and more costly than in first episodes. Spine. (2006) 31:219–25. doi: 10.1097/01.brs.0000194774.85971.df

8. Lemmers G, van Lankveld W, Westert G, van der Wees P, Staal J. Imaging versus no imaging for low back pain: A systematic review, measuring costs, healthcare utilization and absence from work. Eur Spine J. (2019) 28:937–50. doi: 10.1007/s00586-019-05918-1

9. Kim L, Vail D, Azad T, Bentley J, Zhang Y, Ho A, et al. Expenditures and health care utilization among adults with newly diagnosed low back and lower extremity pain. JAMA Netw Open. (2019) 2(5):e193676. doi: 10.1001/jamanetworkopen.2019.3676

10. Murray C. The Global burden of disease study at 30 years. Nat Med. (2022) 28:2019–26. doi: 10.1038/s41591-022-01990-1

11. Lv B, Lan J, Si Y, Ren Y, Li M, Guo F, et al. Epidemiological trends of subarachnoid hemorrhage at global, regional, and national level: A trend analysis study from 1990 to 2021. Mil Med Res. (2024) 11:46. doi: 10.1186/s40779-024-00551-6

12. Lu Y, Shang Z, Zhang W, Hu X, Shen R, Zhang K, et al. Global, regional, and national burden of spinal cord injury from 1990 to 2021 and projections for 2050: A systematic analysis for the Global Burden of Disease 2021 study. Ageing Res Rev. (2025) 103:102598. doi: 10.1016/j.arr.2024.102598

13. GBD 2021 Forecasting Collaborators. Burden of disease scenarios for 204 countries and territories, 2022-2050: A forecasting analysis for the Global Burden of Disease study 2021. Lancet. (2024) 403:2204–56. doi: 10.1016/S0140-6736(24)00685-8

14. GBD 2021 Risk Factors Collaborators. Global burden and strength of evidence for 88 risk factors in 204 countries and 811 subnational locations, 1990-2021: A systematic analysis for the Global Burden of Disease study 2021. Lancet. (2024) 403:2162–203. doi: 10.1016/S0140-6736(24)00933-4

15. Yang X, Liu C, Liu Y, He Z, Li J, Li Y, et al. The global burden, trends, and inequalities of individuals with developmental and intellectual disabilities attributable to iodine deficiency from 1990 to 2019 and its prediction up to 2030. Front Nutr. (2024) 11:1366525. doi: 10.3389/fnut.2024.1366525

16. Global Health Metrics.High body-mass index—Level 2 risk. (2023). Available online at: https://www.healthdata.org/results/gbd_summaries/2019/high-body-mass-index-level-2-risk (accessed July 12, 2023).

17. Chen Y, Ma L, Han Z, Xiong P. The global burden of disease attributable to high body mass index in 204 countries and territories: Findings from 1990 to 2019 and predictions to 2035. Diabetes Obes Metab. (2024) 26:3998–4010. doi: 10.1111/dom.15748

18. Swinburn B, Sacks G, Hall K, McPherson K, Finegood D, Moodie M, et al. The global obesity pandemic: Shaped by global drivers and local environments. Lancet Lond Engl. (2011) 378:804–14. doi: 10.1016/S0140-6736(11)60813-1

19. Song M, Chen H, Li J, Han W, Wu W, Wu G, et al. A comparison of the burden of knee osteoarthritis attributable to high body mass index in China and globally from 1990 to 2019. Front Med. (2023) 10:1200294. doi: 10.3389/fmed.2023.1200294

20. Capodici A, Mocciaro G, Gori D, Landry M, Masini A, Sanmarchi F, et al. Cardiovascular health and cancer risk associated with plant based diets: An umbrella review. PLoS One. (2024) 19(5):e0300711. doi: 10.1371/journal.pone.0300711

21. Lin X, Li H. Obesity: Epidemiology, pathophysiology, and therapeutics. Front Endocrinol. (2021) 12:706978. doi: 10.3389/fendo.2021.706978

22. World Health Organization.Obesity: Preventing and Managing the Global Epidemic. Report of a WHO Consultation. Geneva: WHO (2000).

23. Mogren IM. BMI pain and hyper-mobility are determinants of long-term outcome for women with low back pain and pelvic pain during pregnancy. Eur Spine J. (2006) 15(7):1093–102. doi: 10.1007/s00586-005-0004-9

24. Zhou X, Chen Q, Yang W, Zuluaga M, Targher G, Byrne C, et al. Burden of disease attributable to high body mass index: An analysis of data from the Global Burden of Disease Study 2021. EClinicalMedicine. (2024) 76:102848. doi: 10.1016/j.eclinm.2024.102848

25. Zhou J, Mi J, Peng Y, Han H, Liu Z. Causal associations of obesity with the intervertebral degeneration, low back pain, and sciatica: A two-sample mendelian randomization study. Front Endocrinol. (2021) 12:740200. doi: 10.3389/fendo.2021.740200

26. Hashimoto Y, Matsudaira K, Sawada S, Gando Y, Kawakami R, Kinugawa C, et al. Obesity and low back pain: A retrospective cohort study of Japanese males. J Phys Ther Sci. (2017) 29(6):978–83. doi: 10.1589/jpts.29.978

27. GBD 2021 Causes of Death Collaborators. Global burden of 288 causes of death and life expectancy decomposition in 204 countries and territories and 811 subnational locations, 1990-2021: A systematic analysis for the Global Burden of Disease study 2021. Lancet Lond Engl. (2024) 403:2100–32. doi: 10.1016/S0140-6736(24)00367-2

28. Yang X, Zhang T, Zhang Y, Chen H, Sang S. Global burden of COPD attributable to ambient PM2.5 in 204 countries and territories, 1990 to 2019: A systematic analysis for the Global Burden of Disease study 2019. Sci Total Environ. (2021) 796:148819. doi: 10.1016/j.scitotenv.2021.148819

29. He P, Liu Z, Baiocchi G, Guan D, Bai Y, Hubacek K. Health-environment efficiency of diets shows nonlinear trends over 1990-2011. Nat Food. (2024) 5:116–24. doi: 10.1038/s43016-024-00924-z

30. Yin X, Zhang T, Zhang Y, Man J, Yang X, Lu M. The global, regional, and national disease burden of breast cancer attributable to low physical activity from 1990 to 2019: an analysis of the Global Burden of Disease study 2019. Int J Behav Nutr Phys Act. (2022) 19:42. doi: 10.1186/s12966-022-01283-3

31. Xu T, Dong W, Liu J, Yin P, Wang Z, Zhang L, et al. Disease burden of Parkinson’s disease in China and its provinces from 1990 to 2021: Findings from the global burden of disease study 2021. Lancet Reg Health West Pac. (2024) 46:101078. doi: 10.1016/j.lanwpc.2024.101078

32. Chevan A, Sutherland M. Revisiting das gupta: Refinement and extension of standardization and decomposition. Demography. (2009) 46:429–49. doi: 10.1353/dem.0.0060

33. Xie Y, Bowe B, Mokdad A, Xian H, Yan Y, Li T, et al. Analysis of the Global Burden of disease study highlights the global, regional, and national trends of chronic kidney disease epidemiology from 1990 to 2016. Kidney Int. (2018) 94:567–81. doi: 10.1016/j.kint.2018.04.011

34. Wang F, Ma B, Ma Q, Liu X. Global, regional, and national burden of inguinal, femoral, and abdominal hernias: A systematic analysis of prevalence, incidence, deaths, and DALYs with projections to 2030. Int J Surg Lond Engl. (2024) 110:1951–67. doi: 10.1097/JS9.0000000000001071

35. Chen J, Li C, Bu C, Wang Y, Qi M, Fu P, et al. Global burden of non-communicable diseases attributable to kidney dysfunction with projection into 2040. Chin Med J. (2024): Online ahead of print. doi: 10.1097/CM9.0000000000003143

36. Chen J, Cui Y, Deng Y, Xiang Y, Chen J, Wang Y, et al. Global, regional, and national burden of cancers attributable to particulate matter pollution from 1990 to 2019 and projection to 2050: Worsening or improving? J Hazard Mater. (2024) 477:135319. doi: 10.1016/j.jhazmat.2024.135319

37. Heuch I, Heuch I, Hagen K, Zwart J. Overweight and obesity as risk factors for chronic low back pain: A new follow-up in the HUNT Study. BMC Public Health. (2024) 24:2618. doi: 10.1186/s12889-024-20011-z

38. Liu Y, Tang G, Li J. Causations between obesity, diabetes, lifestyle factors and the risk of low back pain. Eur Spine J. (2024) 33:525–32. doi: 10.1007/s00586-023-08069-6

39. Vecchié A, Dallegri F, Carbone F, Bonaventura A, Liberale L, Portincasa P, et al. Obesity phenotypes and their paradoxical association with cardiovascular diseases. Eur J Intern Med. (2018) 48:6–17. doi: 10.1016/j.ejim.2017.10.020

40. Segar A, Fairbank J, Urban J. Leptin and the intervertebral disc: A biochemical link exists between obesity, intervertebral disc degeneration and low back pain-an in vitro study in a bovine model. Eur Spine J. (2019) 28:214–23. doi: 10.1007/s00586-018-5778-7

41. Özcan-Ekşi E, Turgut V, Küçüksüleymanoğlu D, Ekşi MŞ. Obesity could be associated with poor paraspinal muscle quality at upper lumbar levels and degenerated spine at lower lumbar levels: Is this a domino effect? J Clin Neurosci. (2021) 94:120–7. doi: 10.1016/j.jocn.2021.10.005

42. Hashem L, Roffey D, Alfasi A, Papineau G, Wai D, Phan P, et al. Exploration of the inter-relationships between obesity, physical inactivity, inflammation, and low back pain. Spine. (2018) 43:1218–24. doi: 10.1097/BRS.0000000000002582

43. Wertli M, Held U, Campello M, Schecter Weiner S. Obesity is associated with more disability at presentation and after treatment in low back pain but not in neck pain: Findings from the OIOC registry. BMC Musculoskelet Disord. (2016) 17:140. doi: 10.1186/s12891-016-0992-0

44. Parreira P, Maher C, Steffens D, Hancock M, Ferreira M. Risk factors for low back pain and sciatica: An umbrella review. Spine J. (2018) 18(9):1715–21. doi: 10.1016/j.spinee.2018.05.018

45. Yang Y, Lai X, Li C, Yang Y, Gu S, Hou W, et al. Focus on the impact of social factors and lifestyle on the disease burden of low back pain: Findings from the global burden of disease study 2019. BMC Musculoskelet Disord. (2023) 24:679. doi: 10.1186/s12891-023-06772-5

46. Dai H, Alsalhe T, Chalghaf N, Riccò M, Bragazzi N, Wu J. The global burden of disease attributable to high body mass index in 195 countries and territories, 1990-2017: An analysis of the Global Burden of Disease study. PLoS Med. (2020) 17(7):e1003198. doi: 10.1371/journal.pmed.1003198

47. Chidi-Ogbolu N, Baar K. Effect of estrogen on musculoskeletal performance and injury risk. Front Physiol. (2019) 9:1834. doi: 10.3389/fphys.2018.01834

48. Sipko T, Grygier D, Barczyk K, Eliasz G. The occurrence of strain symptoms in the lumbosacral region and pelvis during pregnancy and after childbirth. J Manipulative Physiol Ther. (2010) 33:370–7. doi: 10.1016/j.jmpt.2010.05.006

49. Osborne N, Davis K. Sex and gender differences in pain. Int Rev Neurobiol. (2022) 164:277–307. doi: 10.1016/bs.irn.2022.06.013

50. Bizzoca D, Solarino G, Pulcrano A, Brunetti G, Moretti A, Moretti L, et al. Gender-related issues in the management of low-back pain: A current concepts review. Clin Pract. (2023) 13:1360–8. doi: 10.3390/clinpract13060122

51. Roberts K, Beckenkamp P, Ferreira M, Ho E, Carvalho-E-Silva A, Calais-Ferreira L, et al. The impact of aggregate positive lifestyle behaviors on low back pain resilience and care seeking. Spine J. (2023) 23:1405–13. doi: 10.1016/j.spinee.2023.06.388

52. Malenfant J, Batsis J. Obesity in the geriatric population - a global health perspective. J Glob Health Rep. (2019) 3:e2019045. doi: 10.29392/joghr.3.e2019045

53. Smith E, Scarborough P, Rayner M, Briggs A. Should we tax unhealthy food and drink? Proc Nutr Soc. (2018) 77:314–20. doi: 10.1017/S0029665117004165

54. Malik V, Willet W, Hu F. Nearly a decade on - trends, risk factors and policy implications in global obesity. Nat Rev Endocrinol. (2020) 16(11):615–6. doi: 10.1038/s41574-020-00411-y

55. Caro J, Ng S, Bonilla R, Tovar J, Popkin B. Sugary drinks taxation, projected consumption and fiscal revenues in Colombia: Evidence from a QUAIDS model. PLoS One. (2017) 12:e0189026. doi: 10.1371/journal.pone.0189026

56. Pedraza L, Popkin B, Batis C, Adair L, Robinson W, Guilkey D, et al. The caloric and sugar content of beverages purchased at different store-types changed after the sugary drinks taxation in Mexico. Int J Behav Nutr Phys Act. (2019) 16:103. doi: 10.1186/s12966-019-0872-8

57. Gonçalves J. Companies’ responses to a tax on sugar-sweetened beverages: Implications for research comment on ‘understanding marketing responses to a tax on sugary drinks: A qualitative interview study in the United Kingdom, 2019’. Int J Health Policy Manag. (2023) 12:7619. doi: 10.34172/ijhpm.2022.7619

58. Amico A, Wootan M, Jacobson M, Leung C, Willett A. The demise of artificial trans fat: A history of a public health achievement. Milbank Q. (2021) 99:746–70. doi: 10.1111/1468-0009.12515

59. Galy O, Frayon S, Goldin M, Zongo P, Wattelez G, Lameta S, et al. Generational issues in linking family farming production, traditional food in diet, physical activity and obesity in Pacific Islands countries and territories: The case of the Melanesian population on Lifou Island. Open Res Eur. (2022) 1:135. doi: 10.12688/openreseurope.13705.2

60. Ferreira S, Macotela Y, Velloso L, Mori M. Determinants of obesity in Latin America. Nat Metab. (2024) 6(3):409–32. doi: 10.1038/s42255-024-00977-1

61. Oh C, No J, Kim H. Dietary pattern classifications with nutrient intake and body composition changes in Korean elderly. Nutr Res Pract. (2014) 8:192–7. doi: 10.4162/nrp.2014.8.2.192

62. Cominato L, Di Biagio G, Lellis D, Franco R, Mancini M, de Melo M. Obesity prevention: Strategies and challenges In Latin America. Curr Obes Rep. (2018) 7(2):97–104. doi: 10.1007/s13679-018-0311-1

63. Steyn N, McHiza Z. Obesity and the nutrition transition in Sub-Saharan Africa. Ann N Y Acad Sci. (2014) 1311:88–101. doi: 10.1111/nyas.12433

64. Jama M, Majdzadeh R, Reynolds T, Nur I, Ismail A, Mohamud N, et al. Revising the essential package of health services through stakeholder alignment, Somalia. Bull World Health Organ. (2023) 101:738–42. doi: 10.2471/BLT.23.289733

65. Chakraborty P, Talukder A, Haider S, Gupta R. Prevalence and factors associated with underweight, overweight and obesity among 15-49-year-old men and women in Timor-Leste. PLoS One. (2022) 17:e0262999. doi: 10.1371/journal.pone.0262999

66. Schienkiewitz A, Kuhnert R, Blume M, Mensink G. Overweight and obesity among adults in Germany - results from GEDA 2019/2020-EHIS. J Health Monit. (2022) 7:21–8. doi: 10.25646/10293

67. Seidell J, Halberstadt J. National and local strategies in the netherlands for obesity prevention and management in children and adolescents. Obes Facts. (2020) 13:418–29. doi: 10.1159/000509588


Copyright
 © 2025 Zhang, Wang, Zou, Wang, Yang and Zhou. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-11-1521567-g007.jpg
Agestd. rate per 100000

90

80

70

60

50

Male

Female

o

Q F—

N

o

(o —

-—
o
o
o
o
o
—
1
o S .|
s X
Q
S
s!
o
-—
172}
(0]
g

N et

- .

0"
d.’
L.
-
4.’
B
0’.‘

o -

O = z.'.

i 5 ‘.0’.

0-.»0—.—0“

2022

Period Period

2022






OPS/images/fnut-11-1521567-g006.jpg
val

251

year . L o
2020 o % e

° @ L] trend
2010 L .:
- Eznciba o ® Increase
2000 Togo austratia® @ United Kingdom
. o Sraiimid .. san Marino
anamnd

50 -

® Decrease

val
@

1990 G“"""B‘.”‘“ United States of America

United States of America

75+

Canada
Canada

®
@
Germany
®

@
100 - '

Germany

0.0 0.2 04 0.6 08 1.0 — - - - - -
_—= : : D ; :





OPS/images/fnut-11-1521567-t001.jpg
Locations Gender 1990 2021 1990-2021
NO. DALYs cases (95% Cl) ASDR per 100,000 (95% NO. DALYs cases (95% Cl) ASDR per 100,000 EAPC NO. (95% ClI)
Cl) (95% Cl)
Global Both 3,086,573.08 70.22 (7.14-146.48) 8,363,759.33 97.66 (9.78-204.00) 1.14 (1.11-1.17)
(312,559.12-6,484,427.06) (840,306.54-17,424,821.68)
Female 2,072,340.09 92.01 (9.25-193.20) 5,541,374.25 126.29 (12.63-266.01) 1.09 (1.05-1.14)
(207,876.58-4,368,722.69) (556,565.96-11,636,895.13)
Male 1,014,232.99 46.57 (4.84-96.25) 2,822,385.08 67.56 (6.78-138.87) 1.29 (1.27-1.31)
(104,682.54-2,115,704.37) (283,740.58-5,786,405.47)
High SDI Both 1,218,421.82 118.84 (11.60-248.80) 2,478,626.07 161.80 (16.00-332.59) 1.06 (1.02-1.09)
(119,569.00-2,549,631.15) (249,211.24-5,091,840.30)
Female 754,546.81 (73,813.37-1,593,850.86) 139.3 (13.51-294.20) 1,475,151.06 188.09 (18.71-384.24) 1.02 (1-1.05)
(147,999.07-3,016,875.75)
Male 463,875.01 (45,755.64-975,889.32) 95.48 (9.41-201.07) 1,003,475.01 134.88 (13.40-277.88) 1.19 (1.13-1.24)
(101,212.17-2,050,414.58)
High-middle Both 956,976.62 (96,319.02-2,014,411.50) 91.90 (9.24-192.00) 2,086,188.17 115.59 (11.61-238.00) 0.78 (0.72-0.84)
SDI (212,179.44-4,263,358.45)
Female 672,248.56 (67,097.13-1,408,160.29) 120.96 (12.04-252.65) 1,409,149.57 148.93 (15.00-306.13) 0.70 (0.64-0.77)
(143,906.54-2,869,424.09)
Male 284,728.06 (29,221.89-601,696.97) 57.57 (5.93-119.89) 677,038.60 (68,272.90-1,403,388.71) 79.20 (7.91-164.69) 1.09 (1.04-1.13)
Middle SDI Both 547,306.42 (57,862.32-1,153,131.65) 41.92 (4.49-87.56) 2,205,381.99 79.10 (7.86-168.24) 2.18(2.13-2.22)
(219,659.90-4,678,252.07)
Female 380,056.52 (39,470.20-803,844.29) 58.73 (6.17-123.38) 1,528,876.93 107.66 (10.69-228.98) 2.08 (2.02-2.13)
(152,268.32-3,244,438.81)
Male 167,249.89 (18,392.11-349,855.98) 25.12 (2.81-51.88) 676,505.05 (67,391.58-1,425,828.90) 49.50 (4.93-104.76) 2.32(2.29-2.34)
Low-middle SDI Both 276,060.91 (29,215.80-573,856.68) 35.21(3.78-72.71) 1,227,064.64 71.69 (7.24-148.95) 2.46 (2.41-2.52)
(122,732.05-2,554,600.60)
Female 201,500.19 (20,758.21-420,454.86) 52.22 (5.45-107.58) 874,755.01 (87,518.11-1,814,784.82) 100.42 (10.13-207.43) 2.28 (2.22-2.33)
Male 74,560.72 (8,457.60-153,202.66) 18.78 (2.16-38.06) 352,309.62 (35,130.01-745,814.35) 41.96 (4.25-88.69) 2.76 (2.7-2.82)
Low SDI Both 82,343.43 (9,051.79-165,429.39) 27.81 (3.09-55.76) 356,409.63 (35,002.73-729,956.95) 50.30 (5.07-103.18) 1.98 (1.92-2.04)
Female 60,496.37 (6,399.94-123,596.99) 41.21 (4.41-84.08) 246,927.64 (24,106.67-508,524.41) 68.60 (6.85-141.10) 1.71 (1.65-1.77)
Male 21,847.05 (2,593.80-43,735.72) 14.72 (1.76-29.09) 109,481.99 (10,883.56-221,900.29) 31.49 (3.21-63.91) 2.53(2.48-2.58)

No., number; CI, confidence interval; EAPC, estimated annual percentage change; DALY, disability-adjusted life-years; ASDR, age-standardized DALYs rate; SDI, socio demographic index.
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