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Background: Lung cancer (LC) remains a leading cause of cancer-related mortality globally, with radon identified as the second major risk factor. This study aimed to analyze the global, regional, and national burden of LC attributed to residential radon exposure from 1990 to 2021.

Methods: The Global Burden of Disease (GBD) 2021 database were employed to estimate the disease trends of LC attributed to residential radon exposure across sex, age groups, and socioeconomic development levels via the socio-demographic index (SDI). Trends of the age-standardized rates (ASRs) were evaluated using estimated annual percentage change (EAPC). The relationship of the socio-demographic index (SDI) with ASRs was assessed via Spearman correlation and LOESS regression.

Results: In 2021, residential radon caused 82,160 global LC deaths (an increase of 66.87% since 1990), while the ASRs declined globally (ASMR EAPC: −0.26, 95%C: −0.51 to −0.01; ASDR EAPC: −0.65, 95%CI: −0.85 to −0.44). The disease burden of residential radon-induced LC was higher in middle and high latitude nations. With the increase of SDI, ASRs showed a downward trend in most regions, while an upward trend at national level. Across age and sex, the older adult males exhibited higher burden.

Conclusion: While global ASRs declined, rising absolute burdens underscore radon’s persistent threat, particularly in rapidly urbanizing and high-latitude regions. Targeted radon mitigation, enhanced early detection, and gender-specific interventions are critical.
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Introduction

Lung cancer (LC) remains a leading cause cancer-related deaths globally, with an estimated 2.5 million new cases and 1.80 million deaths according to GLOBOCAN 2022 (1), underscoring its critical public health implications. The World Health Organization (WHO) identifies residential radon exposure as the second most significant risk factor for LC, contributing to 10–20% of cases and 3–20% of fatalities, following tobacco use (2).

Radon is a radioactive gas that is both colorless and odorless, often referred to as the “silent killer.” It is estimated to be responsible for up to 50% of human radiation exposure (3). Originating from geological substrates such as granite, brick, sand, cement, and gypsum, particularly from natural stones that contain radioactive elements, residential radon accumulates in enclosed indoor environments, where prolonged exposure occurs (4, 5). Research indicates that the average concentration of residential radon globally is approximately 50 Bq/m3, with levels in high radon regions reaching up to 200 Bq/m3 (6, 7). The International Commission of Radiological Protection (ICRP) has stated that that a radon concentration of 300 Bq/m3 in indoors equates to an annual radiation dose of 14 mSv, exceeding that of a full chest computed tomography (CT) scan (8).

Epidemiological studies demonstrated a dose–response relationship between radon exposure and LC risk. Meta-analyses indicated an 16% increase in LC incidence per 100 Bq/m3 rise in radon levels (9). Similarly, European research has indicated a 0.08 increase in excess relative risk of LC corresponding to each 100 Bq/m3 elevation in residential radon levels (10), while Chinese studies report relative risks of 1.01 per 10 Bq/m3 increments in indoor radon levels (11). These findings underscore the imperative to mitigate residential radon exposure as a critical public health intervention. Consequently, this research employed the most recent Global Burden of Disease (GBD) data to systematically analyze the global burden of LC attributed to residential radon exposure from 1990 to 2021, comparing the distribution and variations across demographic and geographic strata.



Materials and methods


Data source

This analysis utilized a subset of the GBD 2021 database to investigate the disease burden of LC attributable to residential radon exposure between 1990 and 2021. The GBD 2021 database, accessible through the website of the Institute for Health Metrics and Evaluation (IHME),1 provides estimates of disease burden for 204 countries, encompassing 371 diseases and injuries as well as 88 risk factors from 1990 to 2021 (12–14). The estimation of relative risk (RR) for risk factors was based on data derived from 3,359 primary randomized controlled trials, cohort studies, case–control studies, and pertinent meta-analyses from diverse countries. These data were compiled via a systematic literature review to ensure comprehensive and accurate information. Additionally, to estimate exposure levels for risk factors, 51,337 unique data sources were integrated, including household and health surveys, population censuses, ground monitoring data, and administrative records (13).



Estimation of residential radon exposure

The estimation process for residential radon exposure in this study adhered to a systematic methodology (13). Firstly, comprehensive epidemiological data covering 204 countries and regions were compiled. Secondly, a systematic literature review method was employed to estimate the RR between residential radon exposure and LC. The burden of proof risk function (BPRF) method was utilized to address heterogeneity among various studies, thereby facilitating a more conservative interpretation of the association between residential radon and LC. Thirdly, the theoretical minimum risk exposure level (TMREL) for residential radon was calculated, serving as an ideal exposure standard for assessing health risk reduction. Based on the obtained RR and TMREL, the population attribution fraction (PAF) was computed to quantify the proportion of health risk alterations attributed to reductions in exposure to TMREL. Finally, the attributable burden of residential radon was estimated based on the disease burden of PAF and associated health outcomes, measured in disability-adjusted life years (DALYs), and presented stratified by age, gender, geographic location, and time to achieve clarity in results.



Estimated annual percentage change and percentage change

A generalized linear regression model was employed to compute the estimated annual percentage change (EAPC) of the age-standardized rates (ASRs), which was subsequently used to determine the ASRs trend of residential radon-induced LC from 1990 to 2021. This model calculated EAPC and 95% CI by establishing an equation between the natural logarithm of ASRs and the year. The calculation formula was: [image: image]where β represented the regression coefficient of the year independent variable in the time regression model.

Percentage changes were utilized to reflect the trend of LC deaths and DALYs number attributable to residential radon from 1990 to 2021, calculated using the formula: [image: image]



Association of SDI and ASRs

In the GBD 2021 framework, multiple indicators were employed to calculate the socio-demographic index (SDI), including the total fertility rate under the age of 25 (TFU 25), mean education for those ages 15 and older (EDU 15+), and lag distributed income (LDI) per capita. Firstly, data pertaining to GDP, educational attainment rates, and total fertility rates of various nations were collected, with missing values appropriately addressed and outliers processed. Principal component analysis (PCA) was subsequently performed on the standardized data to ascertain the relative positioning of each country regarding social determinants. Ultimately, SDI values were categorized into five levels (high SDI, high-middle SDI, middle SDI, low-middle SDI, and low SDI), reflecting disparities in socio-economic development and health outcomes across different regions. The numerical range of SDI spanned from 0 to 1, with 0 indicating the lowest level of development and 1 signifying the highest level. SDI data for various countries and regions could be obtained from the IHME website.2 The correlation between SDI and ASRs was evaluated through Spearman correlation analysis, while the expected relationships were explored using local weighted regression (LOESS) models.

All data cleaning, statistical analysis, and visualization in this study were conducted using R software (version 4.3.3).




Results


Global mortality and DALYs

In 2021, residential radon exposure accounted for 82,160 (95% UI: −41,645 to 210,377) global LC deaths, representing a 66.87% increase from 1990 levels (Table 1). However, the age-standardized mortality rate (ASMR) exhibited a downward trend, decreasing from 1.26 (95% UI: −0.61 to 3.22) per 100,000 population in 1990 to 0.96 (95% UI: −0.48 to 2.45) per 100,000 in 2021, with an EAPC of −0.89 (95% CI: −0.94 to −0.84). DALYs reached 189,805 (95% UI: −968,774 to 4,852,214) in 2021, marking a 46.18% increase compared to 1990 (Supplementary Table S1). Concurrently, the age-standardized DALY rate (ASDR) declined from 31.51 (95% UI: −15.22 to 80.26) per 100,000 in 1990 to 21.73 (95% UI: −11.08 to 55.55) per 100,000 in 2021, corresponding to an EAPC of −0.65 (95% CI: −0.85 to −0.44).



TABLE 1 The mortality number and rate of lung cancer attributed to residential radon exposure in 1990 and 2021 across 21 regions and global, and the trends from 1990 to 2021.
[image: Table1]



Regional mortality and DALYs

East Asia (30,411, 95% UI: −15,416 to 83,590), Western Europe (14,661, 95% UI: −6,859 to 38,255), and high-income North America (8,593, 95% UI: −4,091 to 21,881) exhibited the highest mortality in 2021 (Table 1). With the exceptions of Eastern Europe (−25.43%) and Central Asia (−19.56%), most regions exhibited increased mortality of residential radon-induced LC from 1990 to 2021. The most substantial percentage increases were observed in East Asia (189.18%), South Asia (182.52%), and Southeast Asia (172.24%). In terms of ASMR, Central Europe (2.01/100,000, 95% UI: −0.99/100,000 to 5.14/100,000), Western Europe (1.56/100,000, 95% UI: −0.73/100,000 to 4.07/100,000), and Eastern Europe (1.43/100,000, 95% UI: −0.71/100,000 to 3.67/100,000) demonstrated the highest values in 2021. Notably, with the exceptions of Western Sub-Saharan Africa, East Asia, Southern Sub-Saharan Africa, Oceania, and South Asia, all other regions experienced declining ASMR trends compared to 1990. The most pronounced reductions in ASMR were identified in Central Asia (EAPC: −2.13, 95% CI: −2.24 to −2.02), high-income North America (EAPC: −1.91, 95% CI: −2.10 to −1.72), and Eastern Europe (EAPC: −1.83, 95% CI: −1.95 to −1.71). DALYs number and ASDR associated with residential radon-related LC in 2021 exhibited comparable epidemiological patterns to mortality data (Supplementary Table S1).



National mortality and DALYs

In 2021, the three countries with the highest deaths number of LC attributable to residential radon exposure were China (29,890, 95% UI: −15,235 to 82,113), the United States (7,961, 95% UI: −3,751 to 20,761), and Russia (3,985, 95% UI: −1,972 to 10,415, Figure 1). The most substantial reductions in mortality of radon-related LC were observed in Brazil (−89.42%), Ukraine (−51.34%), and Kazakhstan (−48.34%). Conversely, Djibouti (515.95%), Egypt (439.45%), and the United Arab Emirates (385.23%) exhibited the most pronounced mortality increases (Table 2). However, it is noteworthy that these countries had completely low baseline mortality estimates in 1990. Regarding ASMR, Greenland (4.91/100,000, 95% UI: −2.05/100,000 to 18.28/100,000), Hungary (3.39/100,000, 95% UI: −1.38/100,000 to 9.83/100,000), and Armenia (3.01/100,000, 95% UI: −1.51/100,000 to 9.62/100,000) demonstrated the highest values in 2021 (Figure 1). Approximately 60% of countries exhibited declining ASMR trends from 1990 to 2021, with the most rapid decreases observed in Kazakhstan (EAPC: −3.24, 95% CI: −3.41 to −3.06), Ukraine (EAPC: −2.80, 95% CI: −3.00 to −2.61), and Uzbekistan (EAPC: −2.72, 95% CI: −3.03 to −2.40). In contrast, the most marked ASMR increases were identified in Egypt (EAPC: 4.11, 95% CI: 3.56–4.68), Lesotho (EAPC: 2.85, 95% CI: 2.50–3.20), and Kenya (EAPC: 1.79, 95% CI: 1.61–1.97, Table 2). At the national level, DALYs number and ASDR associated with residential radon-related LC in 2021 demonstrated similar trends observed in mortality data (Supplementary Figure S1 and Supplementary Table S2).

[image: Figure 1]

FIGURE 1
 The mortality (A) and ASMR (B) of LC attributed to residential radon exposure at global in 204 countries in 2021. ASMR, age-standardized mortality rate.




TABLE 2 The mortality number and rate of lung cancer attributed to residential radon exposure in 1990 and 2021 across 204 countries, and the trends from 1990 to 2021.
[image: Table2]



Burden of LC based on sex and age

In 2021, both males and females exhibited rapid increases in deaths and DALYs number around age 60. Mortality peaked in the 70–74 age group, while DALYs reached their maximum in the 65–69 age group (Figure 2). ASMR exhibited distinct sex-specific patterns. Females demonstrated a progressive increase with advancing age, whereas males exhibited an initial increase peaking at 90–94 years, followed by a subsequent decline. Both female and male exhibited gradual increases in ASDR, reaching maximum values in the 70–74 age group for males and the 75–79 age group for females (Figure 2). Notably, males consistently displayed higher disease burden than females across all age groups. Collectively, these findings indicated significantly greater health impacts associated with residential radon exposure among male populations in 2021.

[image: Figure 2]

FIGURE 2
 The global disease burden of LC attributed to residential radon exposure by age and sex in 2021. (A) The number of deaths; (B) ASMR; (C) The number of DALYs; (D) ASDR. ASMR, age-standardized mortality rate; DALYs, disability-adjusted life years; ASDR, age-standardized DALYs rate.




Burden of LC based on SDI

In 2021, the high-middle SDI region accounted for the highest absolute deaths and DALYs numbers of LC attributable to residential radon exposure, representing approximately 40% of the global total (Supplementary Table S3, S4). Over the past three decades, all five SDI regions exhibited progressive increases in deaths and DALYs numbers. However, ASRs demonstrated declining trends in high SDI and high-middle SDI regions since 1990, while remaining relatively stable in the other three SDI regions (Figure 3).

[image: Figure 3]

FIGURE 3
 Temporal trend of LC attributed to residential radon exposure in 5 SDI region. (A) The number of deaths; (B) ASMR; (C) The number of DALYs; (D) ASDR. ASMR, age-standardized mortality rate; DALYs, disability-adjusted life years; ASDR, age-standardized DALYs rate.


Significant negative correlations were identified between SDI and both ASMR (r = −0.757, p < 0.001) and ASDR (r = −0.824, p < 0.001) for residential radon-induced LC (Figure 4 and Supplementary Figure S2). With the exception of Southern Sub-Saharan Africa, all regions exhibited negative correlations between SDI levels and temporal trends in ASRs from 1990 to 2021. National-level analyses revealed contrasting patterns in 2021, with positive correlations observed between SDI and both ASMR (r = 0.512, p < 0.01) and ASDR (r = 0.478, p < 0.01) across 204 countries (Figure 4 and Supplementary Figure S2).

[image: Figure 4]

FIGURE 4
 The associations between the SDI and ASMR of LC attributed to residential radon exposure across. (A) The associations between the SDI and ASMR in 21 regions and global according from 1990 to 2021. (B) The associations between the SDI and ASMR in 204 countries in 2021. The black line was the expected values based on the SDI and disease rates. SDI, socio-demographic index; ASMR, age-standardized mortality rate.





Discussion

In this study, we conducted an in-depth exploration on the burden of LC attributed to residential radon exposure globally and regionally from 1990 to 2021. The findings elucidated disease burden trends of LC attributed to residential radon exposure according to geographic location, SDI, age and sex, which will assist decision-makers in evaluating the overall burden of LC due to residential radon exposure and facilitating equitable distribution of public health resources.

Globally, approximately 80,000 deaths were attributed to residential radon exposure in 2021, signifying a 66.87% increase since 1990. This upward trajectory underscores radon exposure as a significant and escalating public health concern, particularly in rapidly developing regions. The increase may correlate with advancements in medical diagnostics and an aging population, both contributing to rising LC incidence and mortality (15). Residential radon accounts for 4.1% of total LC mortality risk factors, with its attributable death burden continuing to rise (16). Notably, ASMR (EAPC: −0.26) and ASDR (EAPC: −0.65) for radon-induced LC have declined. This reduction aligns with two key factors. Firstly, global tobacco control initiatives have substantially decreased smoking rates, thereby mitigating the synergistic carcinogenic effects between smoking and radon exposure (17, 18). Secondly, governmental residential radon mitigation policies instituted since radon’s identification as a carcinogen have effectively reduced indoor radon concentrations (19, 20). Despite population growth and aging, the overall global burden of radon-related LC has diminished, illustrating the partial success of current mitigation strategies. This success highlights the necessity for differentiated prevention approaches, including implementing structural radon reduction measures in developing regions and enhancing early detection programs for aging populations (21).

The disease burden of residential radon-induced LC exhibited distinct regional and national variations. East and South Asia have experienced substantial increases in the disease burden, with East Asia accounting for one-third of global residential radon-attributable LC deaths, consistent with its geological features prone to radon and urbanization-driven housing density (2). In contrast, North America and Europe have demonstrated significant reductions in disease burden of residential radon-induced LC compared to 1990, likely due to the implementation of radon control strategies that have lowered indoor radon concentrations. Following national surveys assessing indoor radon concentrations and accumulated experience from remediation initiatives, European countries collectively established National Radon Action Plans (NRAPs) (20). In North America, such as Canada, a residential radon reduction strategy was implemented in 2007, effectively decreasing radon concentrations in residential settings (22). This research also identified that in several mid and high latitude countries, the disease burden of radon-induced LC was particularly pronounced, including countries like Greenland, Russia, Mongolia, Denmark, and Ireland. These regions have a dry and cold climate in winter, and indoor environments are usually enclosed with limited air circulation, making residents more susceptible to exposure to radon (23). Interestingly, in 2021, China, the United States, and Russia had the highest number of deaths and DALYs from LC caused by residential radon exposure. This trend may be attributed to recent environmental protection requirements in the context of economic development, leading to an increase in new building materials that elevate indoor radon concentrations and, consequently, residents’ exposure (24–26).

The research indicated that the disease burden of LC attributable to residential radon exposure was predominantly concentrated in the high-middle SDI region, accounting for 40% of the global total. Most countries within this region are situated in mid or high latitudes, making them more susceptible to residential radon exposure (23). As SDI increases, ASRs trends in most regions exhibit a decline. Higher SDI is associated with improved medical services and greater awareness of radon control, contributing to the primary and secondary prevention of LC, which in turn leads to reductions in ASRs (16). Interestingly, ASRs for radon-induced LC in 2019 demonstrated a positive correlation with SDI in low and middle SDI areas (27), which contrasts with previous findings. The GBD 2021 data introduced a novel method called BPRF that conservatively evaluates the correlation between risk factors and outcomes based on evidence consistency while accounting for heterogeneity among various studies, thereby enhancing the reliability of the results. Furthermore, GBD 2021 systematically adjusted the pathways through which risk factors indirectly affect health outcomes through intermediate variables (13). Notably, national-level analyses revealed a positive correlation between SDI and ASRs. This potentially attributed to accelerated urbanization and industrialization that have transformed lifestyle patterns, resulting in increased indoor activity.

The findings of this study indicated that the male exhibit higher mortality rates, DALYs and ASRs due to residential radon exposure compared to the female, highlighting gender disparities in the burden of LC associated with radon exposure. Males tend to have higher tobacco consumption rates, and research indicates that the majority of LC deaths attributed to radon occur among smokers or former smokers (28). Additionally, occupational exposure to radon may also contribute to LC incidence. Evidence from studies on uranium miners in Germany suggested that even decades after mine closure, a significant proportion of LC deaths remain related to occupational radon exposure, predominantly affecting males. These factors elucidate the higher burden of radon-induced LC among men (29). These reasons can explain why men have a higher burden of radon induced LC.

The study further revealed that the mortality and DALYs number associated with LC increase with age, peaking at 65–74 years. Older individuals often present with various chronic conditions that compromise immunity, increasing their susceptibility to LC due to residential radon exposure. Moreover, radon-induced LC exhibits latent cumulative exposure effects, with disease manifestation occurring only after prolonged exposure (30). The older adult in the world, especially in underdeveloped areas, are often accompanied by high comorbidity and multiple incidence rate (31). The aging global population, particularly in underdeveloped regions, often faces high comorbidity rates and multiple incidences, thereby imposing significant burdens on healthcare and social systems. An unhealthy living environment exacerbates the consumption of public health resources among the older adult. Consequently, local authorities should prioritize interventions for aging male smokers with a history of occupational radon exposure, create a suitable living environment for the older adult, and improve access to healthcare.

There are a few limitations to this study. Firstly, because of the nature of the data, we were unable to examine the incidence and prevalence of LC caused by residential radon exposure. Secondly, exposure estimates rely on regional radon maps that may not capture micro-geographical variations. Thirdly, the data from the GBD study relied on mathematical models, which means that the results of this study may be distorted.



Conclusion

Residential radon remains a critical yet modifiable LC risk factor. Targeted mitigation in high-risk regions, coupled with enhanced screening for aging populations, is imperative to reduce the global burden. Policymakers must integrate radon control into public health frameworks, prioritizing regions with low SDI and urbanization trends.



Data availability statement

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



Author contributions

QX: Data curation, Writing – original draft, Formal analysis, Software. ZZ: Methodology, Writing – review & editing. JP: Methodology, Writing – review & editing. JL: Writing – review & editing, Visualization. DL: Writing – review & editing, Visualization. XZ: Writing – review & editing, Visualization. LW: Validation, Writing – review & editing. TL: Validation, Writing – review & editing. YL: Supervision, Validation, Project administration, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

We would like to thank the countless individuals who have contributed to the Global Burden of Disease Study (2021) in various capacities.



Conflict of interest

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



Generative AI statement

The author(s) declare that no Gen 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/fpubh.2025.1593415/full#supplementary-material



Footnotes

1   https://ghdx.healthdata.org/gbd-2021

2   https://ghdx.healthdata.org/record/global-burden-disease-study-2021-gbd-2021-socio-demographic-index-sdi-1950%E2%80%932021



References

 1. Bray, F, Laversanne, M, Sung, H, Ferlay, J, Siegel, RL, Soerjomataram, I , et al. Global Cancer statistics 2022: Globocan estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2024) 74:229–63. doi: 10.3322/caac.21834 

 2. World Health Organization. Who guidelines approved by the guidelines review committee. Who handbook on indoor radon: a public health perspective. Geneva: World Health Organization (2009).

 3. Ruano-Ravina, A, Martin-Gisbert, L, Kelsey, K, Pérez-Ríos, M, Candal-Pedreira, C, Rey-Brandariz, J , et al. An overview on the relationship between residential radon and lung cancer: what we know and future research. Clin Transl Oncol. (2023) 25:3357–68. doi: 10.1007/s12094-023-03308-0 

 4. Riudavets, M, Garcia de Herreros, M, Besse, B, and Mezquita, L. Radon and lung Cancer: current trends and future perspectives. Cancers. (2022) 14:3142. doi: 10.3390/cancers14133142 

 5. Stanley, FK, Zarezadeh, S, Dumais, CD, Dumais, K, MacQueen, R, Clement, F , et al. Comprehensive survey of household radon gas levels and risk factors in Southern Alberta. CMAJ Open. (2017) 5:E255–64. doi: 10.9778/cmajo.20160142 

 6. Yarmoshenko, I, Vasilyev, A, Malinovsky, G, Bossew, P, Žunić, ZS, Onischenko, A , et al. Variance of indoor radon concentration: major influencing factors. Sci Total Environ. (2016) 541:155–60. doi: 10.1016/j.scitotenv.2015.09.077 

 7. Urrutia-Pereira, M, Chatkin, JM, Chong-Neto, HJ, and Solé, D. Radon exposure: a major cause of lung Cancer in nonsmokers. J Bras Pneumol. (2023) 49:e20230210. doi: 10.36416/1806-3756/e20230210 

 8. Paquet, F, Bailey, MR, Leggett, RW, Lipsztein, J, Marsh, J, Fell, TP , et al. Icrp publication 137: occupational intakes of radionuclides: part 3. Ann ICRP. (2017) 46:1–486. doi: 10.1177/0146645317734963 

 9. Darby, S, Hill, D, Auvinen, A, Barros-Dios, JM, Baysson, H, Bochicchio, F , et al. Radon in homes and risk of lung cancer: collaborative analysis of individual data from 13 European case-control studies. BMJ. (2005) 330:223. doi: 10.1136/bmj.38308.477650.63 

 10. Darby, S, Hill, D, Deo, H, Auvinen, A, Barros-Dios, JM, Baysson, H , et al. Residential radon and lung cancer--detailed results of a collaborative analysis of individual data on 7148 persons with lung cancer and 14,208 persons without lung cancer from 13 epidemiologic studies in Europe. Scand J Work Environ Health. (2006) 32:1–83.

 11. Su, C, Pan, M, Liu, N, Zhang, Y, Kan, H, Zhao, Z , et al. Lung cancer as adverse health effect by indoor radon exposure in China from 2000 to 2020: a systematic review and meta-analysis. Indoor Air. (2022) 32:e13154. doi: 10.1111/ina.13154 

 12. GBD 2021 Diseases and Injuries Collaborators. Global incidence, prevalence, years lived with disability (Ylds), disability-adjusted life-years (Dalys), and healthy life expectancy (Hale) for 371 diseases and injuries in 204 countries and territories and 811 subnational locations, 1990-2021: a systematic analysis for the global burden of disease study 2021. Lancet. (2024) 403:2133–61. doi: 10.1016/s0140-6736(24)00757-8 

 13. 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 

 14. 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. (2024) 403:2100–32. doi: 10.1016/s0140-6736(24)00367-2 

 15. Miller, KD, Nogueira, L, Devasia, T, Mariotto, AB, Yabroff, KR, Jemal, A , et al. Cancer treatment and survivorship statistics, 2022. CA Cancer J Clin. (2022) 72:409–36. doi: 10.3322/caac.21731

 16. Kuang, Z, Wang, J, Liu, K, Wu, J, Ge, Y, Zhu, G , et al. Global, regional, and National Burden of tracheal, bronchus, and lung cancer and its risk factors from 1990 to 2021: findings from the global burden of disease study 2021. EClinicalMedicine. (2024) 75:102804. doi: 10.1016/j.eclinm.2024.102804 

 17. Nilsson, R, and Tong, J. Opinion on reconsideration of lung cancer risk from domestic radon exposure. Radiation Med Protec. (2020) 1:48–54. doi: 10.1016/j.radmp.2020.01.001

 18. International Atomic Energy Agency (IAEA). Protection of the public against exposure indoors due to radon and other natural sources of radiation Specific Safety Guide. Vienna: IAEA (2015).

 19. Long, SA, and Tinker, RA. Australian action to reduce health risks from radon. Ann ICRP. (2020) 49:77–83. doi: 10.1177/0146645320931983 

 20. Bochicchio, F, Fenton, D, Fonseca, H, García-Talavera, M, Jaunet, P, Long, S , et al. National Radon Action Plans in Europe and need of effectiveness indicators: an overview of Herca activities. Int J Environ Res Public Health. (2022) 19:4114. doi: 10.3390/ijerph19074114 

 21. World Health Organization. Who guidelines approved by the guidelines review committee. Who guidelines for indoor air quality: selected pollutants. Geneva: World Health Organization (2010).

 22. Khan, SM, Gomes, J, and Krewski, DR. Radon interventions around the globe: a systematic review. Heliyon. (2019) 5:e01737. doi: 10.1016/j.heliyon.2019.e01737 

 23. Gaskin, J, Coyle, D, Whyte, J, and Krewksi, D. Global estimate of lung cancer mortality attributable to residential radon. Environ Health Perspect. (2018) 126:057009. doi: 10.1289/ehp2503 

 24. Su, C, Pan, M, Zhang, Y, Kan, H, Zhao, Z, Deng, F , et al. Indoor exposure levels of radon in dwellings, schools, and offices in China from 2000 to 2020: a systematic review. Indoor Air. (2022) 32:e12920. doi: 10.1111/ina.12920 

 25. Yarmoshenko, I, Onishchenko, A, Malinovsky, G, Vasilyev, A, Nazarov, E, and Zhukovsky, M. Comparative analysis of radon concentrations in buildings of different energy efficiency classes on example of five Russian cities. Radiatsionnaya Gygiena. (2020) 13:47–56. doi: 10.21514/1998-426X-2020-13-2-47-56

 26. Stanley, FKT, Irvine, JL, Jacques, WR, Salgia, SR, Innes, DG, Winquist, BD , et al. Radon exposure is rising steadily within the modern north American residential environment, and is increasingly uniform across seasons. Sci Rep. (2019) 9:18472. doi: 10.1038/s41598-019-54891-8 

 27. Shan, X, Tian, X, Wang, B, He, L, Zhang, L, Xue, B , et al. A global burden assessment of lung cancer attributed to residential radon exposure during 1990-2019. Indoor Air. (2022) 32:e13120. doi: 10.1111/ina.13120 

 28. EPA U. Epa assessment of risks from radon in homes. Washington, DC: Off Radiat Indoor Air, United States Environ Prot Agency (2003).

 29. Kreuzer, M, Deffner, V, Sommer, M, and Fenske, N. Updated risk models for lung cancer due to radon exposure in the German Wismut cohort of uranium miners, 1946-2018. Radiat Environ Biophys. (2023) 62:415–25. doi: 10.1007/s00411-023-01043-2 

 30. Taylor, BK, Smith, OV, and Miller, GE. Chronic home radon exposure is associated with higher inflammatory biomarker concentrations in children and adolescents. Int J Environ Res Public Health. (2022) 20:246. doi: 10.3390/ijerph20010246 

 31. Gong, J, Wang, G, Wang, Y, Chen, X, Chen, Y, Meng, Q , et al. Nowcasting and forecasting the care needs of the older population in China: analysis of data from the China health and retirement longitudinal study (Charls). Lancet Public Health. (2022) 7:e1005–13. doi: 10.1016/s2468-2667(22)00203-1 


Copyright
 © 2025 Xiong, Zhang, Peng, Liang, Lian, Zhao, Wang, Lu and Li. 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/xhtml/Nav.xhtml




Contents





		Cover



		Epidemiological trends of lung cancer attributed to residential radon exposure at global, regional, and national level: a trend analysis study from 1990 to 2021



		Introduction



		Materials and methods



		Data source



		Estimation of residential radon exposure



		Estimated annual percentage change and percentage change



		Association of SDI and ASRs









		Results



		Global mortality and DALYs



		Regional mortality and DALYs



		National mortality and DALYs



		Burden of LC based on sex and age



		Burden of LC based on SDI









		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Epidemiological trends of lung
cancer attributed to residential
radon exposure at global,
regional, and national level: a
trend analysis study from 1990 to
2021












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






OPS/images/fpubh-13-1593415-g003.jpg
‘The number of Deaths

‘The number of DALYS

30000,

20000,

10000

50005,

40005

5

0400,

B
- — -+ High-middle SDI
/ i N i
T e
// - T Moo
W " g
/ g
¢
// g‘"
g
V'/,. B i —anay — IPBE
M =
S Lo
& ¥ 5 - r & P’ &
NasE D Year
i F e
e T e e
e
/r\,/‘”/ \ = Miize So1
4
M \\\\
g
S
4
2
e e ;

B DU o






OPS/images/fpubh-13-1593415-g004.jpg
2000]

g

g

ASMR(1/100000)

ASMR(1/100000)

500

© Global  Andean Latin America = Central Europe * Southeast Asia Central Sub~Saharan Afica
© High-income Asia Pacife  + Tropical Latin America = Eastern Europe “ EssthAsia " Southern Sub-Saharan Afica
location + High-income North America + Central Latin America = Central Asia + Oceania
* Western Europe * Southern Latin America = North Afica and Middle East * Wester Sub-Saharan Afiica
o Austalasia * Caribbean = South Asia + Eastern Sub~Saharan Afrca

r=-0.757, P<0.001

0z 06 08
Socio-Demographic Index

r=0.512, P<0.001 4

o

e

050 075
‘Socio-Demographic Index





OPS/images/fpubh-13-1593415-g001.jpg
‘The number of Deaths.
04798
47.96-10765
107 66-165 80
165.0-395.07
308.07-62789
627.89-102704
1027042154 11
215411-3085 02
3085020
NA

ASMR(/10°5)
o002
021-037
037-045
045088
055082
08213
130157
157163
163

nA






OPS/images/fpubh-13-1593415-g002.jpg
iﬁm W

1.;

w000 250
The Numbers of Deaths

o

B Tt o0
Thembers oA

B
—~ Female
~ Male
40
g
g
S
8
20
x
=
3
2
0
DR A D LR DD S b
CFFSTS T ESETEIESES
Age
D
—~ Female
= Male
400
g
g
S
8
= 200
o
g
2
2
o
R P P D P R P ® b P
N U P S P S
Age





OPS/images/fpubh-13-1593415-t001.jpg
All ages mortality number
2021 (95% UI)

Age-standard mortality rate per 100,000 population

1990 (95% UI) Percentage 1990 (95% UI) 2021 (95% UI) EAPC (95% CI)

change, %

Global 49,237 (~23,789, 125,873) 82,160 (~41,645, 210,377) 6687 1.26(-0.61,3.22) 0,96 (~0.48, 245) ~0.89 (~0.94, ~0.84)
Andean Latin America 111(-52,389) 260 (123, 881) 133.70 0.56 (~0.26,1.97) 045 (=0.21,152) ~0.84(~1.01,-067)
Australasia 117 (-5, 389) 178 (~85,575) 5229 0.49(~0.22,163) 0.32(=0.15,1.03) ~1.36 (~140, ~1.31)
Caribbean 113 (~40,377) 211 (-78,659) 87.08 0.4 (<0.15,1.48) 0.39(=0.15,122) ~0.17 (<025, ~0.09)
Central Asia 1,008 (438, 2.936) 811 (=353, 2.264) -19.56 2,07 (~0.90,6.05) 0.99(~0.44,276) ~2.13(-224,-202)
Central Europe 3,457 (~1,638, 8,874) 4,486 (~2,208, 11,489) 2976 2.27(~107,582) 201(~099,5.149) ~0.37 (~0.46, ~0.29)
Central Latin America 624(~280,1,625) 1,250 (~523,3,378) 100.28 0.79.(~0.36,2.04) 0.51(=021,137) ~1.62(~1.69, ~1.55)
Central Sub-Saharan Africa 84(-36,317) 190 (<101, 754) 127.82 0.38(=0.17,147) 0.36/(~0.19, 1.40) ~0.21(~043,001)
East Asia 10,516 (~5,138, 28,403) 30411 (~15,416, 83,590) 189.18 126 (-0.61,3.41) 140 (~0.71,3.85) 0.40(0.23,0.58)
Eastern Europe 6,850 (~3,298, 17,746) 5,108 (~2,524, 13,134) 2543 238 (~1.14,6.16) 143 (~0.71,3.67) ~1.83 (~195, ~1.71)
Eastern Sub-Saharan Africa 216 (-90, 578) 410 (=174, 1,091) 8973 0.29(=0.12,078) ~0.53 (=064, ~0.42)
High-income Asia Pacific 1,142 (=564, 3,067) 2,773 (~1,457, 7,695) 142.88 0.57(~0.28,153) 0.54(~0.28,151) ~0.34 (=046, ~021)
High-income North

o 7,664 (~3,574,20,030) 8,593 (~4,091, 21,881) 1212 219(-102,572) 126 (~0.60,3.20) ~191(-210,-172)
North Africa and Middle

e 1,216 (~510,3,572) 2,788 (~1,255, 7,669) 12921 0.74(=031,2.17) 0.65(~0.29,1.79) ~0.3(~0.44,~0.16)
Oceania 16(=6,54) 41(-18,152) 165.07 0.57(~0.23,193) 0.59(~0.26,2.17) 0.20(0.14,027)
South Asia 1,542 (<733, 3,968) 4356 (~2,062, 11,277) 182.52 0.27(=0.13,0.70) 0.29(~0.14,076) 0.17(007,027)
Southeast Asia 987 (~471,2,842) 2,671(~1,199, 7,541) 17224 0.40 (=019, 1.14) 042(=0.19,1.19) ~0.03(~0.12,006)
Southern Latin America 379 (=152,1,304) 493 (=201, 1,663) 3014 0.82(~033,281) 0.56/(~0.23,1.89) ~1.05 (~1.14, ~095)
Southern Sub-Saharan

e 213 (=106, 600) 505 (=232, 1474) 137.20 0.79(~0.39,221) 0,89 (~0.41,2.60) 0.31(0.02,060)
Tropical Latin America 643 (<297, 1,760) 1,621 (<753, 4,554) 15201 0.72(~0.33,196) 0.63(~0.29,~178) ~0.39 (~0.46, ~031)
Western Europe 12,211 (~5,957,32,193) 14,661 (~6,859, 38,255) 2006 2.12(~1.03,558) 1.56 (~0.73,4.07) ~0.85 (~091, ~0.78)
Western Sub-Saharan Africa 134 (=60, 347) 343 (<153, 885) 156.17 0.16(~0.07,0.41) 0.19(~0.08,0.49) 0.77(0.70,0.84)

UL uncertainty intervals; EAPC, estimated annual percentage change.
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Location All ages mortality number Age-standard mortality rate per 100,000
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1990 (95% 2021 (95% Ay | SEEREEALD) | AERERAI | RSEEEE)
ul) ul) change, %
Afghanistan 31(-11,130) 49(-19,199) 58.12 045 (~0.17,1.95) 0.51(~0.21,202) 0.58 (0.46,0.71)
Albania 66 (~35,182) 120 (66, 347) 8250 3.23 (~1.74,8.98) 269(-148,7.75)  ~039(~062,-0.16)
Algeria 33 (~13,130) 80 (~30,308) 14197 03(-0.12,12) 0.24(-0.09,093)  —0.43(~0.66,-0.20)
American Samoa 00 1) 00, 1) 10030 085 (~0.28,3.59) 077(<027,318)  ~020(~0.26,-0.14)
Andorra 1(-1,6) 2(-1,8) 4198 256(-097,1002)  136(-0.58,534)  —174(~2.03,~146)
Angola 19(-8,79) 53(-21,248) 183.28 049 (~02,209) 047 (~0.18,2.19) ~0.13(~0.27,0)
Antigua and Barbuda 00 1) 00 1) 66.24 0.28(~0.09, 1.17) 0.24(-0.08,097)  ~0.28(~0.55,-0.02)
Argentina 276 (~111,1,094) 328 (~132,1247) 1893 085 (-0.34,337) 058(<0.23,221)  —1.04(-1.17,-0.91)
Armenia 114(-57,375) 133 (-67,425) 16.68 394(-1.96,13) 301(-151,962)  -062(-089,-036)
Australia 75 (~31,269) 118 (~51,423) 5831 0.38 (<0.16,136) 025(-0.11,091)  —13(~134,-1.25)
Austria 341(-150,941) 406 (<178, 1,130) 19.16 29(~1.29,803) 226(-099.627) | 051 (-061,-041)
Azerbaijan 71(-28,294) 94(-39,369) 3301 133 (-0.53,5.58) 0.87(<0.36,344)  —092(~1.21,-0.64)
Bahamas 10,3) 2(-1,7) 17.94 045 (~0.16,2.14) 038(-0.12,17) 028 (-041,-0.15)
Bahrain 2(-1,7) 4(-2,20) 16113 112(~047,488) 0.61(-0.24,278) | —247(~2.78,-2.16)
Bangladesh 127(-52,498) 267 (~122,969) 10973 027 (<0.11,1.07) 02(-009,07) | -L13(~1.27,-098)
Barbados 100,4) 1(-1,6) 60.24 0.29(0.1,139) 0.26(<0.1,121) —0.13(-0.26,0)
Belarus 74 (=31, 241) 61(-26,213) 16385 056 (~0.23,1.82) 038(-0.16,129) | —2.02(~229,-176)
Belgium 459(178,1413) | 423 (~162,1351) -788 298 (-115,92) 181(-069,573) 139 (~1.55,-123)
Belize 00,1) 10,49 20463 03(-0.14,136) 0.32(~0.16,152) 0.29(=0.22,080)
Benin 5(-2,23) 13 (-4,53) 14440 0.28(-0.09,1.21) 0.27 (0,09, 1.1) 0.17(0.02,031)
Bermuda 10,49 10,4) 2660 133 (~049,5.75) 074(=027,304)  —165(~1.82,-1.49)
Bhutan 1(0.3) 2(-1,8) 17132 034 (-0.16,1.41) 0.38(-02,141) 049(0.38,061)
Bolivia (Plurinational State of) 24(-7,93) 58(~19,249) 14551 0.77(-0.24,3.1) 0.67(-0.22,285) | —0.39 (~0.48,~0.30)
Bosnia and Herzegovina 78 (~36,323) 116 (~56, 484) 4823 182 (-0.84,7.49) 1.83 (~0.88,7.64) 0.14(0.02,027)
Botswana 4(-1,16) 9(-3,39) 139.10 0.69 (~0.25,2.93) 0.64(<0.24,269)  ~047 (-0.80,-0.15)
Brazil 637(-295,1,743) 67 (~30,228) -89.42 073 (-0.34,1.99) 064(=03,179)  -042(~049,-035)
Brunei Darussalam 000,2) 100,4) 17.08 042 (~0.14,1.95) 0.28(-0.09,124)  —0.86 (1,07, ~0.64)
Bulgaria 153(~71,486) 193 (~87,588) 2613 123 (-0.57,3.89) 1.41(-0.63,4.29) 082 (0.68,0.96)
Burkina Faso 9(-4,36) 21(~10,83) 13281 0.22(~0.08,0.85) 0.24(~0.12,094) 0.64(0.47,081)
Burundi 7(-3,34) 11(-5,55) 5320 032 (=013, 1.49) 024(-0.1,118) | —124(-147,-101)
Cabo Verde 1(-1,6) 4(-2,17) 187.70 0.6(~0.24,263) 0.97(-036,42) 118 (0.84,152)
Cambodia 22(-6,91) 62(-21,287) 18591 05 (-0.15,2.1) 0.52(~0.17,2.36) 0.14(0.07,022)
Cameroon 15(-5,62) 48 (-16,202) 214.66 036 (~0.12, 1.48) 0.41(=0.13,1.69) 0.52(0.44,0.60)
Canada 443 (~180,1550) 628 (~260,2,151) 4163 136 (<0.55,475) 082(-034,282) | —148(-1.64,-132)
Central African Republic 5(-2,28) 9(-3,40) 6507 0.46 (~0.14,2.36) 038(<0.11,174) =055 (~0.60,-0.49)
Chad 6(-2,24) 17(-6,75) 197.47 0.2(~0.07,0.86) 031 (=0.11,1.39) 1.6 (1.54,1.77)
Chile 53(~19,220) 109 (-39, 448) 107.08 053 (-0.19,2.21) 042(=0.15,172) =050 (=0.60,-0.39)
China 10273 (<5072, 29,890 (~15,235, 19097 1.28(0.63,3.47) 1.43(-0.73,3.93) 0.41(0.23,059)
27,729) 82,113)
Colombia, 147(~54,559) 321 (~113,1,206) 11856 0.87(-032,33) 059(<021,219) | —149(~1.59,-1.38)
Comoros 10,2) 10,6) 14951 0.26(<0.1,1.17) 0.27(=0.,124) ~0.05 (~0.16,0.07)
Congo 6(-2,26) 13 (-5,57) 11829 0.54(~0.23,239) 048(<0.18,218) =053 (~0.70,-0.37)
Cook Islands 00,1) 00,1) 78,61 124(-043,535) 0.98(<0.33,411) | -0.82(~0.90,~0.74)
Costa Rica 10 (=4, 38) 21(-7,81) 1381 057 (-0.21,2.23) 038(<0.13,147) | -133(~1.52,-115)
Croatia 149(-59,451) 167 (~71,504) 1226 237(-094,72) 187(<079,563)  -0.55(<0.66,~045)
Cuba 47(-13,203) 87(-26,385) 8389 046 (~0.13,1.99) 0.4 (~0.13,1.94) 0.14(0.02,025)
Cyprus 1-1,4) 3(-1,10) 12681 0.17 (0,08, 0.54) 0.13(-0.06,046)  -0.18(~0.38,001)
Crechia 655(-271,1921) | 629 (~260,1921) -3.88 476(-197,1399)  282(-116,859)  -169(~1.75,~1.63)
Cote d'Ivoire 7(-2,33) 19(~6,86) 17122 0.19 (~0.07,0.88) 0.18(<0.06,081) | =036 (-0.51,-0.22)
Democratic People’s Republicof | 200 (~64,895) 398 (=152,1,622) 98.92 126 (<0.41,5.62) 12(-046,4.91) 0,08 (~0.05,0.20)
Korea
Democratic Republic of the 50(-23,243) 108 (~46, 550) 1572 033 (=015, 1.62) 0.3(=0.13,155) ~0.30 (~0.60,0)
Congo
Denmark 247 (<114,681) 261 (~113,723) 577 311 (~1.44,8.56) 209(-091,578) | —115(~1.24,-1.05)
Djibouti 00,1 2(-1,9 51595 0.25(-009,1.1) 0.34(=0.11,157) 0,96 (0.93,099)
Dominica 00.1) 000,2) 4682 056 (-0.21,235) 0.58(~0.2,25) 027(0.15,039)
Dominican Republic 12(=3,51) 42(-13,189) 24636 0.34(<0.1,143) 0.42(=0.13,185) 1.10(0.95,1.26)
Ecuador 24(-10,99) 65(~26,267) 17485 0.46 (~0.19,193) 041(=0.16,167)  —0.38 (069, ~0.08)
Egypt 18 (=7, 60) 98 (=38, 344) 43945 0.06(~0.03,0.22) 0.16(~0.06,0.57) 4.11(3.56,4.68)
El Salvador 12(-5,53) 28(-12,126) 127.88 042(~0.18,1.81) 0.45(~0.19,2.03) 0.05(~0.09,0.19)
Equatorial Guinea 100,3) 3(-1,11) 21612 0.41(=0.2,167) 052 (-0.21,239) 1.07(0.92,1.23)
Eritrea 3(-1,14) 9(-3,39) 16162 028 (-0.12,1.21) 0.31(-0.13,136) 0.26(0.10,042)
Estonia 62(-26,188) 49(~20,155) -2082 299 (~126,9.13) 1L8(-074,571)  ~169(~181,-157)
Eswatini 2(-1,9 5(-1,22) 14697 07(-022,33) 0,85 (~0.23, 3.86) 1.02(0.50,1.54)
Ethiopia 100(~43,298) 127 (~53,389) 2629 0.5(-0.22,152) 031(-0.13,096)  —1.84 (~2.08,~1.60)
Fiji 100,5) 2(-1,11) 9554 035 (~0.14,159) 032(-0.13,147)  ~056 (0.75,~0.37)
Finkand 165(-68,498) 209 (~85,603) 2625 229(-0.95,69) 157(-0.64,453) | —L11(-1.21,-101)
France 1,356 (=566, 2025 (=810, 4930 17(-071,542) 152 (<06,474) ~0.07 (~0.25,0.10)
4320) 6351)
Gabon 3(-1,14) 6(=2,26) 87.41 052 (~0.16,239) 0.5 (~0.16, 2.46) 0,09 (0.04,0.14)
Gambia 000,2) 1(-1,6) 19383 0.13 (<005, 0.58) 0.14(~0.06,0.62) 0.04(~0.09,0.18)
Georgia 112 (~48,519) 99 (~43,436) -11.37 1.74(-0.75,8.06) 1.68(-0.72,7.35) 116 (0.72,1.60)
Germany 2253(~977, 2774 (-1,233, 213 18(-0.78,5.4) 145(-064,427)  =0.56 (~0.64,~048)
6768) 8091)
Ghana 16(-6,57) 48(-17,184) 20379 0.28 (~0.11,101) 032(=0.11,1.21) 0.71(061,081)
Greece 505 (~247,1393) 675 (~322,1,863) 3378 3.28(~16,9.05) 288(-137,7.95) | 047 (-0.51,-0.42)
Greenland 3(-1,10) 3(-1,13) 2715 82(-3.23,299) 491(-205,1828)  —169 (~1.83,~1.54)
Grenada 00,1 00,2) 37.37 ~0.12,167) 032(-0.10,133) | -0.22(-0.64,021)
Guam 10,49 2(-1,7) 10361 113 (~0.48, 5.5) 0.74(-0.29,329) | ~075 (~1.05,-0.46)
Guatemala 16 (=5,66) 35(-11,147) 11389 052 (=0.17,2.09) 032(-0.11,138) | ~2.06(~236,-1.76)
Guinea 9(~4,38) 20(-8,85) 1378 029(-0.12, 1.18) 0.36(~0.15,1.56) 0.94(0.83,1.05)
Guinea-Bissau 10.7) 3(-1,10) 7489 038 (~0.12, 1.69) 0.38(~0.13,1.54) 031(0.13,048)
Guyana 10,3 100,6) 6455 0.2(~0.08,0.89) 0.19(~0.07,0.85) 0.16(~0.06,0.38)
Haiti 13 (-4,62) 23(-7,117) 7296 042 (~0.14,1.98) 034(=0.11,171)  ~0.54 (-0.62,~0.46)
Honduras 12(-6,48) 59 (~31,240) 377.04 0.62(-0.31,2.39) 0.97(-05,394) 177 (1.60,1.94)
Hungary 545(-241,15577) | 652 (~265,1891) 1958 373(-165,1081)  339(-138,983) 03 (-045,-0.16)
Iceland 10,49 2(-1,6) 6443 039 (~0.17,1.26) 031(<0.13,100)  ~049 (~0.69,-0.29)
India 1,070 (=536, 3258 (~1,537, 204.49 023 (-0.11,062) 0.27(=0.13,074) 051(0.36,0.65)
2,905) 8,872)
Indonesia 305 (=140, 876) 1,027 (~420, 23626 032(-0.15,093) 0.45(-0.18,1.35) 1.04(0.97,1.11)
3,056)
Tran (Islamic Republic of) 131(=67,362) 393 (=196, 1,057) 19961 0.54(=0.28,151) 0.53(=0.27,143) 0.27(0.15,039)
Irq 41(-18,171) 146 (62, 645) 25622 053 (-0.23,221) 0.67(~0.28,292) 0.59(0.43,075)
Ireland 131(-56,372)  155(-63,453) 18.46 311 (-133,8.85) 191(-078,56)  ~128(-142,-114)
Israel 53 (=23, 161) 106 (~47,313) 98.93 1.1(~0.48,334) 0.84(-037,25) 078 (~093,-0.62)
Ttaly 2227(-L191, | 2512(-1369, 1278 249 (~133,6.98) 166(-09,449) | —132(-138,-127)
6232) 6,803)
Jamaica 9(-3,36) 14(-5,63) 66.54 049 (~0.18, 2.04) 046 (-0.18,203) | -0.25(~0.66,0.15)
Japan 692(=315,1723) 1485 (~688, 11450 041 (=0.19,1.02) 034(-0.16,086) | =059 (-0.67,-0.51)
3,738)
Jordan 9(-4,27) 37 (-16,117) 33162 0.65 (~0.27,2.06) 052(<022,164) | =055 (~0.78,-0.32)
Kazakhstan 457 (<154,1639) | 236(~86,878) —4834 347(-117,1258) | 127(-046,473) | -324(-3.41,-3.06)
Kenya 7(-3,19) 32(-14,87) 36121 0.09 (~0.04,0.24) 0.14(~0.06,0.39) 1.79(1.61,197)
Kiribati 00,1) 00,1) 12371 039 (~0.18,1.72) 045 (~0.17,2.08) 047 (0.38,0.56)
Kuwait 2(-1,6) 5(-2,15) 157.97 033 (~0.15,1.05) 0.18(~0.08,059)  —143(~1.80,-1.05)
Kyrgyzstan 60 (~18,243) 40(-13,154) ~3408 1.96 (~0.6,7.97) 081(=027,312)  -247(-279,-2.16)
Lao People’s Democratic 11(=5,47) 21(-8,85) 88.11 0.54(~0.23,228) 048(-0.18,192)  —0.44(-0.50,-0.38)
Republic
Lawvia 110 (-51,340) 77(=36,239) ~29.88 3.03(-141,94) 198 (-093,6.11)  —141 (~1.56,~125)
Lebanon 22(-7,9) 60 (~24,275) 169.63 106 (<0.31,4.47) 0.9 (~0.39,451) 0.63(0.27,099)
Lesotho 5(-3,22) 13(=7,56) 165.11 059 (-0.35,2.63) 118 (~0.66,5.02) 285 (2:50,3.20)
Liberia 3(-1,15) 5(-2,23) 6738 028 (-0.12,1.32) 027 (~0.09,1.18) 027 (=0.01,054)
Libya 17(-7,82) 49 (-21,226) 187.78 0.95(~04,4.54) 0.98 (~0.42, 4.48) 0.37(0.16,059)
Lithuania 74(-27,244) 64(-25,216) -1362 162 (~0.58,5.36) L13(-044,384)  —=1.26(~138,~1.15)
Luxembourg 21(-9,58) 26(-12,71) 2155 388(-166,1065)  241(-L12,661) | —131(-144,-1.17)
Madagascar 13(-4,52) 25 (=8, 108) 9736 025 (~0.08, 1.05) 0.23(-0.08,099)  ~026(~0.39,~0.13)
Malawi 3(-1,19) 8(-3,32) 128.06 0.09(-0.04,037) 0.1(-0.04,0.43) 031(0.09,053)
Malaysia 22(-9,72) 74 (-31,250) 23835 0.25(<0.1,081) 0.27(=0.11,09) 007 (~0.18,031)
Maldives, 00.1) 1(0.2) 10252 031 (=0.12,1.27) 0.17(<0.05,071) | =247 (-260,-2.33)
Mali 7(-3,35) 17(-7,79) 13333 0.19(~0.07,0.92) 0.21(~0.08,095) 051(0.37,064)
Malta 4(-2,18) 7(-3,28) 5413 1.03 (<042, 4.11) 07(-028,282) | -117(-1.28,-107)
Marshall Islands 00.0) 0. 1) 14571 0.67(-0.22,3.07) 0.79(~0.23,352) 0.77(0.65,089)
Mauritania 3(=1,11) 6(=3,27) 11667 03 (=0.14,1.15) 0.31(=0.16,133) 0.18 (~0.08,0.43)
Mauritius 3(-1,12) 5(-2,22) 86.19 037 (-0.14, 1.64) 026(<0.,12)  -136(-159,~1.13)
Mexico 329(-162,836)  512(~258,1,299) 5581 083 (-0.41,2.12) 042(<021,106) | =257 (269, ~2.45)
Micronesia (Federated States of) 000.2) 100,3) 67.63 0.8(=031,354) 0,89 (-0.32,4.12) 042(0.38,0.46)
Monaco 2(-1,6) 3(=1,11) 8080 237(-1.1,872) 299 (~1.4,11.61) 0.93(057,1.29)
Mongolia 33(-14,131) 50 (~19,196) 5201 316(-131,1250)  225(-087,883)  —156(~1.75,-137)
Montenegro 11(=5,42) 19(-9,71) 7535 172 (<082, 6.68) 1.93(~0.92,7.22) 0.54(0.40,0.68)
Morocco 106 (~48,394) 281 (~131,1,010) 163.85 076 (~0.34,2.83) 0.82(~0.38,297) 032(0.15,049)
Mozambique 11(-3,44) 25(-8,107) 14133 0.2(~0.06,0.83) 0.25(~0.08,1.09) 135 (1.19,151)
Myanmar 119(-45,528)  200(~81,881) 6824 052(<02,229) 042(=0.17,186)  —079 (0.84,~0.74)
Namibia 1-1,7) 3(-1,14) 14031 021 (0,09, 1.01) 0.24(~0.09,1.05) 0.32(0.06,0.58)
Nauru 0(0,0) 0(0,0) 16.04 122(~04,593) 115(-032,538)  —0.14(0.16,-0.12)
Nepal 29(-11,117) 72(-28,278) 147.63 031(=0.12,1.25) 032(=0.12,121) 0.13(=0.13,039)
Netherlands 202(~88,660) 253 (~110,816) 2530 1(-0.44,328) 07(-03,225) 105 (-115,-096)
New Zealand 42(-14,165) 60(~22,223) 4159 1.06(<0.35, 4.12) 0.69(<0.25,259)  —1.38 (~1.46,-1.29)
Nicaragua 4(-1,16) 11 (=4, 46) 182.89 027 (=01, 1.11) 0.24(-0.08,098)  ~0.29(~0.51,-0.06)
Niger 5(-2,21) 14(=5,59) 189.40 0.19(~007,08) 0.19.(~0.6,08) 0.41(0.23,060)
Nigeria 26(-13,71) 57(-29,154) 12204 0.06(0.03,0.17) 0.07(~0.03,0.18) 0.65(0.55,0.75)
Nive 0(0,0) 00,0 1555 077 (~0.25,3.48) 0.94 (=03, 408) 0,66 (0.57,0.75)
North Macedonia 52(-28,157) 96 (~47,295) 85.24 27(~1.44,808) 284(-139,871) 0.24(-0.06,055)
Northern Mariana Islands 00,1) 10,2) 15020 145 (~0.44,6.7) L13(=035,5.19)  —0.87 (~0.94,~081)
Norway 111(-48,302) 169 (-76,458) 5254 165 (-0.72,45) 162(-072,439)  —0.02(0.21,017)
Oman 10,5 3(-1,10) 107.09 0.19(~0.08,0.79) 0.14(-005,055) | —0.63(~0.9,-0.36)
Pakistan 315(-123,1013) | 757 (-292,2484) 14053 057 (<0.22,185) 0.64(=0.25,2.09) 0.10(-0.15,036)
Palau 00,1) 00,1) 11022 149 (~057,6.82) 1.44(-0,53,6.71) 0.04(~0.02,0.10)
Palestine 8(=3,31) 22(-9,77) 15691 102 (<0.41,3.74) 0.91(-038,322) | —0.42(~0.64,-0.20)
Panama 9(-3,44) 17(=6,84) 8436 065 (-0.21,3.03) 039(-0.13,189)  —165(~1.82,~1.48)
Papua New Guinea 9(-3,42) 28(-11,116) 20515 056 (<0.19,2.6) 0.62(-0.23,2.55) 045 (039,051)
Paraguay 7(-3,23) 28(-11,103) 31972 031 (~0.13,1.08) 05(-0.19,182) 162(1.35,1.89)
Peru 64(-20,304) 137 (~48,657) 11420 055 (-0.17,2.62) 041(-0.14,198) | —1.21(~1.56,~0.85)
Philippines 108(-55,283) 288 (~142,742) 167.33 0.39(-02,102) 036(-0.18,092) 05 (~0.65,0.34)
Poland 789(-349,2201) | 1,204 (=552, 5255 178 (~079,497) 163(<075,445) 038 (<0.54,-023)
3,279)
Portugal 186(<75,543) 309 (~133,939) 6598 133 (~054,3.89) 1.29(~0,55,3.91) 0,05 (~0.08,0.17)
Puerto Rico 18 (7, 86) 20(-8,97) 1092 051(-0.18,237) 028(-0.1,132)  —185(-2.03,-167)
Qatar 10,3 3(-1,13) 32656 0.74(~0.28,3.28) 037(-0.14,164) | —234(-293,-175)
Republic of Korea 442(-185,1386) 1275 (=621, 188.14 152 (~064,4.77) 134(-066,437) 082 (~1.17,-048)
4,144)
Republic of Moldova 84(-28,322) 67(-22,253) ~2060 1.84(~0.62,7.06) 11(-037,416)  —1.08(~142,-0.74)
Romania 332(-156,1079) 514 (~231,1,680) 5453 115 (-0.54,3.72) 1.44(<0.64,4.7) 062 (049, 0.74)
Russian 4791(-235,  3985(-1972, -1683 256 (~1.26,6.61) 163(-081,426)  —164 (~1.77,~150)
12.365) 10,415)
Rwanda 11 (~4,41) 20(-6,85) 87.02 038 (~0.13,147) 034(-0.,138)  -114(-146,-082)
Saint Kitts and Nevis 00,1) 00.1) 5505 032 (-0.14,1.43) 028(-0.12,128) | ~0.01(-0.19,0.16)
Saint Lucia 00,2) 10,3 10936 043 (~0.15,1.93) 032(-0.11,144)  —1.04(~1.23,-0.85)
Saint Vincent and the 00,1 00.1) 7419 0.28(~0.09, 1.17) 0.25(-008,105) | -0.13(~0.28,002)
Grenadines
Samoa 00,1 000,2) 6464 026 (0.1, 1.18) 0.25(=0.12,1.09)
San Marino 10,2) 10.2) 209 179 (~071,658) 088(<0.33,331)  —1.33(~1.69,-0.98)
Sao Tome and Principe 000,2) 100,4) 11499 0.65(~03,2.54) 0.88 (~04, 3.49) 124(1.16,132)
Saudi Arabia 6(-3,20) 20(~10,58) 2612 0.11(~0.05,0.35) 0.11(=0.06,032)  ~0.04(-0.24,0.17)
Senegal 10 (4, 46) 27(-11,123) 167.09 032(~0.13, 1.46) 0.36(<0.15,1.7) 063 (0.41,085)
Serbia 284(~132,1,006) 399 (~162,1,394) 4048 247 (~1.15,8.78) 244 (<099, 8.55) 0.09(~0.05,0.23)
Seychelles 00 1) 000,2) 4435 043 (=0.19,176) 031(=0.13,1.37)
Sierra Leone 6(-2,23) 10 (~4,42) 8069 028 (-0.12, 1.14) 0.28(=0.11,1.17) 048 (0.25,071)
7(-3,30) 13(=6,58) 90.13 033 (~0.14,1.44) 0.16(-007,069) | —241(-254,-227)
220(-95,644)  216(-102,637) -180 365(-158,1069)  223(-106,659)  —15(-157,-144)
Slovenia 69(-30,207) 97 (~41,293) 4102 275 (~119,8.29) 2.15(-09,65) ~09 (<103, ~0.78)
Solomon Islands 10,9 2(-1,11) 16435 0.64(~02,3.04) 0.6 (~0.19,3.08) 0,06 (<0.11,023)
Somalia 5(-2,21) 11(=5,47) 13356 0.19(<0.1,0.87) 0.17(-0.08,078) =022 (~0.28,-0.15)
South Africa 180 (-87,522) 433 (~198,1327) 14102 ~042,251) 0.94(~0.43,2.89) 0.15(<0.15,0.44)
South Sudan 6(-3,27) 9(~4,47) 5040 0.24(<0.1,1.06) 0.25(<0.1,126) 0.16(0.07,026)
Spain 1,178 (=533, 1,656 (<730, 4058 216(~098,62) 174(-076,489)  =0.59 (<0.71,~048)
3,384) 4,644)
SriLanka 20(-8,87) 44(-15,185) 19.10 0.19 (~0.08,0.84) 0.16(~0.06,068)  ~0.32(~0.57,~0.08)
Sudan 20(-8,85) 48(-20,215) 13961 0.22(~0.09,0.94) 0.26(~0.11,1.16) 0.6 (0.58,0.74)
Suriname 10.4) 2(-1,10) 13539 039 (0.1, 1.71) 0.36(~0.11,1.59) 0.09(~0.14,0.32)
Sweden 200(~77,697)  262(~101,946) 3061 135 (-0.52,47) L12(-044,407)  -032(-05,-0.15)
Switzerland 201(-95,589) | 256 (~121,744) 7.1 1.98(<0.94,5.78) 139(-066,403)  -0.88 (<0.98,-077)
Syrian Arab Republic 23(-10,76) 55(-20,182) 139.04 0.45(=0.2,149) 044(-0.16,144)  ~0.26(~0.39,-0.12)
Taiwan (Province of China) 44(-20,135) 123 (~57,382) 18154 028 (~0.13,0.86) 029(-0.13,089) | -0.03(-034,028)
Tajikistan 28(-13,121) 28(-13,113) 022 1.01(-0.48,4.29) 048(-021,19) | —2.18(~245,-190)
Thailand 199 (~81,698) 472 (~232,1.433) 137.40 059 (~0.24,2.06) 043(=021,132) | -155(~1.75,-1.35)
Timor-Leste 10,3 3(-1,12) 26244 029(-0.14,1.22) 0.32(=0.14,141) 0.37(0.20,054)
Togo 4(-1,15) 13(-5,54) 25485 031(=0.1,124) 0.36(~0.13,152) 0.49(0.44,0.55)
Tokelau 00,0 00,0 177 145 (-0.49,6.1) 1.54(~0.58,6.53) 0.28(0.24,031)
Tonga 000,2) 10,3 5111 0.8 (~04,394) 0.90 (~0.38,3.79) 001 (~0.17,0.19)
‘Trinidad and Tobago 3(-1,12) 5(-1,25) 96.01 033 (~0.09,1.52) 0.27(<007,126) | =063 (~0.73,-0.53)
Tunisia 50(~21,157) 122(-49,381) 14569 1(-043,3.17) 09(-036,283) 061 (~0.74,-0.48)
Turkey 675(=262,2128)  1249(=537, 85.04 087 (-0.33,3.58) 046(<0.17,183)  —1.24 (<149, -0.99)
3,694)
Turkmenistan 18(=7,72) 20(-7,78) 1201 0.75 (=03, 3.46) 085(-036,38)  -199(~242,-156)
Tuvalu 0(0,0) 00,0 8188 1.93(=0.75,6.07) 132(~0.57,391) 0.38(0.33,043)
Uganda 14(=5,57) 35(-13,155) 157.65 0.22(~0.09,09) 025(-009,1.11) | -0.13(~040,0.15)
Ukraine 1,655 (=664, | 805 (=296, 2,648) -5134 227 (~091,8.01) 105(-038,345) =280 (=3.00,-261)
5.827)
United Arab Emirates 2(-1,10) 12(=5,48) 38523 059 (~0.23,2.27) 042(=0.7,17) 022(~0.34,078)
United Kingdom 2353(-1089, 2154 (-1015, 845 255 (~1.18,6.5) 156(-073,397) | —144(~1.52,-136)
5.989) 5.485)
United Republic of Tanzania 27 (=10, 114) 67(-28,292) 7.1 0.25(~0.09,1.05) 027 (0.1, 1.18) 0.12(0.07,0.17)
United States of America 7218(-3380, | 7962(-3751, 1031 227 (-1.07,5.91) 131(-062,342)  -192(-2.11,-172)
18,770) 20761)
United States Virgin Islands 00.2) 100,3) 57.65 049 (~0.16,2.18) 035(<0.11,159)  -092(~1.14,-0.70)
Uruguay 51(-14,241) 57(-15,271) 143 13(-0.35,621) 1.04(-0.28,5) ~0.74 (<083, ~0.66)
Uzbekistan 115(~44,466) 111 (~46,468) -3.86 0.98 (0,37, 3.96) 041(=0.17,171) | =272 (~3.03,-240)
Vanuatu 00,1 10.4) 19117 059 (~0.29,2.43) 0.61(-03,266) 0.12(0.07,0.17)
Venezuela (Bolivarian Republic 84 (=31,360) 245 (=88, 1,073) 19124 0.88(~0.33,3.79) 082(-03,36)  —0.19(~032,-0.07)
of)
Viet Nam 170(=62,692) 471 (~189,2087) 17652 042(<0.15,17) 047 (~0.19,2.08) 0.22(0.14,030)
Yemen 17(7,74) 51(-23,217) 19930 035 (~0.14,1.48) 0.38(-0.17,162) 049 (039, 0.60)
Zambia 9(-4,38) 28(-11,125) 22910 031 (-0.14,1.34) 0.41(-0.16, 1.8) 0.79(0.69,090)
Zimbabwe 21(-8,92) 41(-16,191) 9649 0.53(<02,235) 0.61(~0.23,2.86) 0.58(0.25,091)

UL, uncertainty intervals; EAPC, estimated annual percentage change.
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