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Background: Nasopharyngeal cancer (NPC) poses a considerable global health burden, with behavioral risk factors such as smoking and high alcohol use contributing to disparities across sociodemographic groups. The growing aging population faces heightened vulnerability to NPC due to prolonged exposure to these modifiable risks, yet comprehensive analyses of aging-specific burden patterns remain limited.

Methods: Utilizing the Global Burden of Disease 2021 data, we conducted a systematic evaluation of NPC burden attributable to smoking and alcohol use across 204 countries from 1990 to 2021. Age-stratified analyses focused on older adults (≥60 years), incorporating three analytical dimensions: Sociodemographic Index (SDI) quintiles, sex-specific disparities, and geospatial heterogeneity. Age-standardized mortality (ASMR) and age-standardized DALY rates (ASDRs) were calculated with 95% uncertainty intervals. Temporal trends were quantified via estimated annual percentage changes (EAPCs). Bayesian age-period-cohort modeling projected disease burden through 2050.

Results: From 1990 to 2021, smoking and high alcohol use contributed substantially to the NPC burden globally, with older adults exhibiting distinct risk profiles. Decline in smoking-related burden in global ASDR was observed, yet older adults in low and middle SDI regions retained disproportionately high rates. Rise in alcohol-related burden in certain regions (e.g., Southeast Asia and Caribbean) was particularly pronounced among older age groups. Middle and high-middle SDI regions consistently exhibited the highest ASDR for both risk factors, with older adults contributing a significant share of disability-adjusted life years (DALYs). Older males faced the highest DALY burdens, with extreme older male-to-female disparities persisting across age groups. Population aging will amplify absolute DALY burdens among older adults by 2050.

Conclusion: Behavioral risk factors such as tobacco and alcohol use remain key contributors to the burden of nasopharyngeal cancer in older persons, with significant regional, gender, and demographic differences. There is an urgent need to develop targeted public health policies focusing on smoking cessation and alcohol control that take into account the health needs of older persons.
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1 Introduction

Nasopharyngeal carcinoma (NPC) is a malignant tumor originating from the epithelial cells of the nasopharyngeal mucosa with significant geographic distribution differences and racial predisposition (1). Despite its low overall incidence globally, NPC exhibits a highly concentrated prevalence pattern in specific populations and geographic regions (2, 3). According to the International Agency for Research on Cancer (IARC), in 2020, there were approximately 133,000 new cases of NPC worldwide, resulting in more than 80,000 new cases of NPC (4, 5). The etiology of NPC is complex and involves the interaction of multiple environmental, genetic, and viral factors. Among them, Epstein-Barr virus (EBV) infection is widely recognized as one of the core factors in its pathogenesis (6). In addition, dietary factors (e.g., high intake of preserved foods), cigarette smoking, air pollution, occupational exposures, and genetic predisposition have been shown to be closely associated with NPC (7–9). Emerging evidence underscores that older adults (≥60 years) are uniquely vulnerable to NPC due to lifelong cumulative exposure to these risks, compounded by age-related declines in immune function and healthcare access disparities. Despite global aging trends, systematic analyses of NPC burden patterns in older populations, particularly in low- and middle-income countries (LMICs), remain scarce, limiting targeted prevention strategies for healthy aging (10). Prior Global Burden of Disease Database (GBD) studies have mapped global NPC trends but lacked age-stratified analyses for older adults. Regional investigations in LMICs focused predominantly on younger cohorts or single risk factors (e.g., EBV). In contrast, this study is the first to integrate smoking and alcohol use as dual behavioral drivers of NPC burden in older adults (≥60 years) across 21 GBD regions, enabling a granular examination of aging-specific disparities and risk synergies. This approach addresses critical gaps in understanding how population aging intersects with modifiable behaviors to shape NPC epidemiology (11).

Based on previous GBD studies, smoking and alcohol abuse have been identified as major modifiable risk factors for a number of cancers, including NPC (11). Despite global efforts to control tobacco and increase awareness of alcohol-related health risks, the spatial and temporal patterns of the burden of NPC due to these two behavioral risks have not yet been comprehensively examined over time at the global, regional, and national levels (12). Understanding these temporal trends is essential to inform targeted public health interventions and resource allocation, especially in high-prevalence areas (13).

This study assesses the burden of NPC attributable to smoking and high alcohol use from 1990 to 2021, with a focus on aging-specific health impacts. We analyze ASDR, EAPC, and SDI disparities across sex and age strata (emphasizing ≥60 years). Projections to 2050 evaluate how population aging interacts with behavioral risks to shape future disease burden, aiming to inform equity-oriented interventions for older adults (14, 15). By comprehensively characterizing the long-term impact of behavioral risk factors on the NPC disease burden, aiming to fill the research gap in the current literature, we expect to reveal the dynamic evolutionary characteristics of the global disease burden of NPC and provide evidence-based support for countries to develop targeted cancer prevention and control strategies (5, 16).



2 Methods

Data on NPC burden attributable to smoking and high alcohol use were obtained from the GBD 2021 study, covering the years 1990 to 2021 across 21 GBD regions and five SDI categories. Stratification analyses were stratified by sex (older males and females), global region, and SDI quintile (low to high SDI). SDI is a composite measure reflecting income, education, and fertility. Key metrics included ASMR, ASDR, and EAPC. NPC cases attributable to each risk factor were identified using the comparative risk assessment framework.

EAPC was calculated to evaluate temporal trends in ASMR and ASDR, and sex ratios were used to assess gender disparities. Analyses were stratified by sex, region, and SDI quintiles (low, low-middle, middle, high-middle, and high SDI). All analyses were conducted using publicly available data and standardized GBD methodologies to ensure consistency and comparability (17–19).

DALYs are a central measure of the overall burden of disease. It is the sum of healthy life years lost due to premature death and disease and is used to reflect the overall impact of a health problem on an individual or population.
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YLL, Loss of life expectancy due to premature death; YLD, Non-fatal disability burden of disease.

To mitigate variations in population age structures across regions, ASRs were employed to assess the burden of NPC across different time periods, genders, and geographic locations. The ASR was calculated using the following formula:
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In the age-specific crude rate for the i-th age group, Wi: population weight (or count) of the i-th age group in the GBD standard population, and N: total number of age groups. The 25th and 975th values of the ordered draws were selected as the lower and upper bounds of the 95% Uncertainty Interval (UI), respectively.

Trend analysis EAPC was calculated using a log-linear regression model, with trends over time assessed through the slope of the regression line of the log-transformed rates. To assess temporal trends in ASMR and ASDR, we applied a log-linear regression model to calculate the EAPC. The model is defined as:
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x denotes the calendar year, β is the slope of the regression line, indicating the annual change, and ε is the residual error. The EAPC and its 95% confidence interval (CI) were derived as follows:

[image: image]

An increasing trend was inferred if the 95% CI of EAPC > 0. A decreasing trend was inferred if the 95% CI of EAPC < 0. A stable trend was concluded if the 95% CI included 0. The 95% CI was estimated using the linear regression model and propagated to the EAPC calculation.

All statistical analyses were conducted using R software (version 4.3.2). Data preprocessing and management were performed using the tidyverse and dplyr packages. Predictive modeling was carried out using the BAPC, INLA, and nordpred packages. Data visualization was performed using ggplot2. All statistical tests were two-sided, and a p < 0.05 was considered statistically significant.



3 Results


3.1 Global trends of nasopharyngeal cancer attributable to smoking and high alcohol use in older adults

Between 1990 and 2021, global age-standardized death rates (ASDR) attributable to smoking and high alcohol use exhibited significant declines. The ASDR for smoking decreased from 28.64 per 100,000 population (95% UI: 21.24–36.8) in 1990 to 16.35 (95% UI: 11.75–21.4) in 2021, corresponding to an EAPC of −2.11 (95% confidence interval (CI): −2.34 to −1.89). Similarly, the ASDR for high alcohol use declined from 22.67 (95% UI: 15.97–29.32) to 15.06 (95% UI: 10.73–19.52), with an EAPC of −1.58 (95% CI: −1.85 to −1.31). For high alcohol use, downward trends were observed across all SDI categories except low-middle SDI regions, which experienced a significant increase (EAPC: 1.01, 95% CI: 0.77–1.26), and low SDI regions, where a non-significant rise occurred (EAPC: 0.17, 95% CI: −0.11–0.45).

East Asia had the highest baseline ASDR for both smoking (86.85 per 100,000; 95% UI: 60.94–117.13) and high alcohol use (70.48; 95% UI: 47.29–96.16) in 1990. By 2021, this region achieved substantial reductions, with EAPCs of −2.89 (95% CI: −3.21 to −2.58) and −2.86 (95% CI: −3.23 to −2.50), respectively (2, 3). Australasia recorded the most rapid decline in smoking-related ASDR (EAPC: −5.02, 95% CI: −5.11 to −4.92) alongside a notable reduction in high alcohol use (EAPC: −2.39, 95% CI: −2.51 to −2.27). High–income North America (smoking EAPC: −2.71, 95% CI: −2.79 to −2.62; alcohol EAPC: −0.85, 95% CI: −0.97 to −0.73) and Western Europe (smoking EAPC: −3.11, 95% CI: −3.20 to −3.03; alcohol EAPC: −2.14, 95% CI: −2.22 to −2.07) also demonstrated consistent declines in both risk factors.

Conversely, Southeast Asia exhibited an upward trend in high alcohol use, with ASDR increasing from 11.19 to 21.22 per 100,000 (EAPC: +2.27, 95% CI: 2.15–2.39), despite reductions in smoking-related mortality (EAPC: −1.30, 95% CI: −1.39 to −1.22). This upward trajectory in alcohol-attributable NPC burden may be linked to region-specific socio-cultural practices and weak enforcement of alcohol control policies. For instance, in Vietnam and Indonesia, traditional consumption of rice-based spirits (in Vietnam) is deeply embedded in social rituals, while lax regulations on alcohol advertising have normalized heavy drinking among older males (20). Furthermore, alcohol taxation rates in Southeast Asia remain the lowest globally (e.g., 20% excise tax in Thailand vs. 70% in Australia), failing to curb affordability despite rising disposable incomes. Public health surveys indicate that only 35% of alcohol control laws in this region are fully implemented, with limited restrictions on sales to minors. Similar increases were observed in the Caribbean (EAPC: +1.04, 95% CI: 0.89–1.20) and Central Asia (EAPC: +0.83, 95% CI: 0.58–1.08). Central and Eastern Europe showed minimal changes in smoking-related ASDR (e.g., Central Europe EAPC: −0.19, 95% CI: −0.57–0.19) and only marginal fluctuations in alcohol-attributable deaths (e.g., Eastern Europe EAPC: −0.37, 95% CI: −0.72 to −0.01).

Sub-Saharan Africa displayed heterogeneous trends. Smoking-related ASDR declined across all subregions, though the magnitude varied substantially (EAPC range: −1.97, 95% CI: −2.10 to −1.85 in Western Sub-Saharan Africa to −0.47, 95% CI: −0.73 to −0.22 in Central Sub-Saharan Africa). High alcohol use remained stable or decreased slightly, with Southern Sub-Saharan Africa reporting the highest absolute ASDR in 2021 (11.73 per 100,000; EAPC: −0.53, 95% CI: −0.78 to −0.28).

NPC burden attributable to behavioral risks varied markedly by SDI (Figures 1, 2, Supplementary Table S1). SDI-stratified burden patterns (Supplementary Table S1) highlighted two critical anomalies: (1) despite overall declines, low-middle SDI regions exhibited rising alcohol-attributable ASDR (EAPC: +1.01), driven by unregulated markets in Southeast Asia; and (2) middle SDI regions paradoxically combined the steepest smoking declines (−2.71 EAPC) with the highest absolute rates (ASDR: 25.3 per 100,000), reflecting lagged policy responses to earlier tobacco epidemics. Middle and high-middle SDI regions consistently exhibited the highest ASDR and ASRs throughout the study period. While ASRs declined in almost all SDI categories, there was slower progress and an increase in low and medium SDI areas, particularly for alcohol-attributable mortality (low and medium SDI EAPC: +1.01, 95% CI: 0.77–1.26; low SDI EAPC: +0.17, 95% CI: −0.11–0.45), which highlights the fact that older adults experience NPC's persistent health disparities.
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FIGURE 1
 Time trends of age-standardized DALY rate (per 100,000 population) for NPC attributable to behavioral factors from 1990 to 2021, globally, across five SDI regions and in GBD regions. The figure illustrates the contributions of smoking (purple line) and high alcohol use (green line) to NPC DALYs.
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FIGURE 2
 EAPC values of ASMR and ASDR (per 100,000 population) for NPC attributable to behavioral factors in 21 GBD regions (1990–2021). (A) EAPC of ASMR by region for smoking. (B) EAPC of ASDR by region for smoking. (C) EAPC of ASMR by region for high alcohol use. (D) EAPC of ASDR by region for high alcohol use.




3.2 Regional patterns and temporal changes in nasopharyngeal cancer burden of older adults

Sub-Saharan Africa and South Asia showed more modest reductions or increases in alcohol-attributable burden. Regional analyses revealed marked differences in the temporal evolution of NPC burden for older adults. In 2021, East Asia had the highest age-standardized DALY rate of smoking-attributable NPC for older adults at 40.07 (95% UI: 27.13–55.27) per 100,000, followed by middle SDI regions (Figure 3). For high alcohol use, Southeast Asia (21) exhibited a rising trend with an EAPC of 2.27 (95% CI: 2.15 to 2.39). In contrast, regions such as Western Europe and Australasia showed rapid declines in ASMR and ASDR for both risk factors. The contrasting trends between Southeast Asia and high-income regions (e.g., Australasia) highlight the critical role of policy enforcement. While Australia achieved a 40% reduction in alcohol-related harms through strict advertising bans and volumetric taxation (22), Southeast Asian nations face systemic challenges. For example, in the Philippines, alcohol companies sponsor local festivals, directly targeting older adult populations through culturally resonant campaigns. Such practices, coupled with minimal public awareness programs, exacerbate high-risk behaviors among older adults. At the national level, China, Indonesia, and the Philippines recorded the highest DALY numbers for smoking-related NPC, while Vietnam and Thailand also showed considerable alcohol-related burdens (Figure 4). Countries with the highest ASMR and ASDR in 2021 include China (smoking) and Vietnam (alcohol use). The steepest declines occurred in Australia and New Zealand (EAPC < -4 for smoking), whereas several Southeast Asian countries exhibited increasing trends in alcohol-attributable NPC burden.
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FIGURE 3
 Spatial distribution of ASMR and ASDR (per 100,000 population) for NPC attributable to behavioral factors in 2021. (A) ASMR by region for smoking. (B) ASDR by region for smoking. (C) ASMR by region for high alcohol use. (D) ASDR by region for high alcohol use.
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FIGURE 4
 Spatial distribution of EAPC for ASMR and ASDR (per 100,000 population) of nasopharyngeal cancer attributable to behavioral factors from 1990 to 2021. (A) EAPC of ASMR by region for smoking. (B) EAPC of ASDR by region for smoking. (C) EAPC of ASMR by region for high alcohol use. (D) EAPC of ASDR by region for high alcohol use.




3.3 Gender and age disparities in nasopharyngeal cancer mortality and DALYs attributable to behavioral factors

Age-specific patterns revealed that older males aged 60–79 years faced the highest relative risks (11, 23). The decline in age-specific mortality sex ratios among the oldest age groups (80+ years), such as a reduction from 150:1 to 100:1 in East Asia, may reflect survivor bias (selective mortality of high-risk individuals) or cumulative passive smoking exposure in older adult females, particularly in low-resource settings. Sex disparities were starkly pronounced, driven by both biological and behavioral factors.

For smoking-related outcomes, the extreme age-specific DALYs sex ratio of 150:1 in Central Asia correlated with high older male smoking prevalence (>60%) and synergistic interactions with endemic EBV infection. In high alcohol use regions, age-specific mortality sex ratios reached 75:1 in South Asia and Central Latin America, aligning with cultural norms of heavy spirit consumption among older males (Figures 5A, B). Notably, the age-specific DALYs sex ratio for alcohol-related conditions peaked at 50:1 in Central Latin America's 70–79-year age group, underscoring the long-term disability burden from chronic alcohol use (Figures 5C, D).
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FIGURE 5
 Age-specific sex ratio (older male vs. female) of nasopharyngeal cancer attributable to behavioral factors in 2021. (A) Age-specific sex ratio of mortality due to smoking. (B) Age-specific sex ratio of DALYs due to smoking. (C) Age-specific sex ratio of mortality due to high alcohol use. (D) Age-specific sex ratio of DALYs due to high alcohol use.


From 1990 to 2021, the impact of smoking and high alcohol use on nasopharyngeal cancer-related DALYs showed significant age dependence, regional heterogeneity, and temporal dynamics. In terms of age trends, the rate of DALY due to smoking decreased consistently with age. The DALY rate due to high alcohol use, although lower overall, showed a steeper age gradient, with an accelerated decline especially in the 80–84 age group, suggesting that the synergistic effect of alcohol exposure and the aging process may reduce the risk of the disease. In terms of temporal trends, smoking- and alcohol-related DALY rates have declined globally, mainly attributable to strict tobacco and alcohol control policies and the spread of early screening programs in high SDI regions (e.g., Western Europe and North America), where the burden in the 60–74-year-old age group has been reduced by 15–20% since 2000. Regarding regional differences, the burden of smoking is most prominent in middle SDI regions, with DALY rates of 18.0–25.3 per 100,000 for 60–64-year-olds, while the burden for the same age group in low SDI regions is only 5.52–8.52 per 100,000. The high-risk regions for excessive alcohol and tobacco use were East and Southeast Asia, with DALY rates of 19.6–27.2 and 25.3–34.3 per 100,000 people aged 60–64 years, which may be synergistically associated with dietary risks such as drinking culture and salted fish intake, while the low-risk regions were Andean Latin America with DALY rate of < 1/100,000 for people aged 60–64 years (Figures 6, 7).
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FIGURE 6
 Age-specific trends of DALY rate (per 100,000 population) for nasopharyngeal cancer attributable to smoking from 1990 to 2021.
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FIGURE 7
 Age-specific trends of DALY rate (per 100,000 population) for nasopharyngeal cancer attributable to high alcohol use from 1990 to 2021.


Policy-level strategies need to be tailored to high-risk age groups and regions: in the high-middle SDI region, nasopharyngeal cancer screening should be intensified in the older adults to reduce late diagnosis, and the spread of risk factors should be curbed through tobacco and alcohol tax reforms, primary healthcare capacity enhancement, and public education. In addition, the Global Coordinating Mechanism (GCM) needs to improve the DALY attribution methodology to clarify the interaction of smoking, alcohol, and other factors (e.g., EBV and genetic predisposition).



3.4 Global trends in risk factor attributable burden of older adults (1990–2021)

Based on the analysis of DALYs and mortality data of older adults, the burden of disease associated with smoking decreased globally from 23.53% in 1990 to 21.94% in 2021, and the proportion of deaths decreased from 23.52% to 21.89%, indicating that tobacco control measures have been somewhat effective; however, the burden of disease associated with high alcohol use increased from 18.03% to 19.79%. However, the burden of disease for high alcohol use increased from 18.03% to 19.79%, and the mortality rate increased from 18.02% to 19.76%, highlighting the increase in alcohol-related health risks (Figure 8). Regional differences were significant: while smoking DALYs decreased significantly from 29.55% to 23.32% and mortality rates from 29.53% to 23.32% in high SDI regions, reflecting their stringent tobacco control policies, high alcohol use DALYs increased only marginally from 28.05% to 28.46%, and mortality rates decreased slightly from 28.05% to 28.43%. The opposite trend was observed in high-moderate SDI regions, where smoking DALYs increased from 26.10% to 28.16% and mortality rates from 26.09% to 28.13%, and in low SDI regions, where smoking DALYs declined from 8.99% to 6.98% but high alcohol use increased from 8.83% to 12.29%, with a corresponding increase in mortality rates from 8.83% to 12.29%, indicating a worsening of the alcohol abuse problem in low-income countries.
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FIGURE 8
 The proportion of ASMR and ASDR for nasopharyngeal cancer attributable to behavioral risk factors in 1990 and 2021. (A) The proportion of ASMR due to smoking and high alcohol use (1990 vs. 2021). (B) Proportion of ASDR due to smoking and high alcohol use (1990 vs. 2021). The figure is categorized by global, various SDI regions, and GBD regions.


In East Asia, smoking DALYs increased from 25.56% to 29.37%, and mortality rates increased from 25.55% to 29.34%; in Western Europe, smoking DALYs decreased from 31.05% to 22.02%, and high alcohol use DALYs decreased slightly from 37.42% to 36.35%, with a corresponding percentage of mortality rates decreasing from 37.41% to 36.33%. North Africa and the Middle East had very low rates of high-alcohol use (DALYs increased slightly from 2.66% to 2.83%, and mortality rates remained stable); Australia's high-alcohol use DALYs spiked from 32.92% to 37.43%, and mortality rates increased from 32.89% to 37.41%. Tropical Latin America smoking DALYs plummeted from 28.18% to 15.33% and mortality from 28.17% to 15.33%, while Andean Latin America high-alcohol use DALYs rose from 16.20% to 18.46% and mortality from 16.20% to 18.45%, indicating region-specific risks. Overall, tobacco control is effective, but alcohol problems persist in high-income regions, middle-income regions face a double challenge, and low-income regions are at increased risk of alcohol use and require differentiated policy interventions.

We found that the associations of ASMR and ASDR with SDI for NPC varied according to behavioral risk factors. Smoking-related burden (ASMR: R = 0.04, p = 0.262; ASDR: R = 0.04, p = 0.280) (Figures 9A, C) was not significantly associated with SDI, suggesting that the impact of smoking on NPC may be driven more by non-socioeconomic factors such as heredity or environmental exposure. In contrast, high alcohol use-related burden showed a weak but significant positive correlation with SDI (ASMR: R = 0.18, p = 3.43 × 10-7; ASDR: R = 0.19, p = 1.97 × 10-7) (Figures 9B, D) in moderate SDI regions, possibly reflecting the tension between increased alcohol consumption and lagging public health interventions in middle-income countries. NPC burden significantly deviated from expected values in sub-Saharan East Africa (low SDI), Southeast Asia (low-middle SDI), and East Asia (high-middle SDI), highlighting the complexity of region-specific risk mechanisms. The high burden in East Asia was strongly associated with EBV infection, HLA gene polymorphisms, and a traditional high-salt diet (9, 24). In contrast, in Southeast Asia, it was associated with betel nut chewing, exposure to industrial pollutants, and delayed healthcare-seeking behavior. Sub-Saharan East Africa has an unusually high burden due to the high prevalence of EBV (>90%), HIV co-infection, and lack of radiotherapy resources (e.g., only one radiotherapy unit in the whole country in Uganda). Our study reveals the non-linear character of the relationship between socioeconomic indices and disease burden, emphasizing the centrality of multidimensional risk coevolution mechanisms in cancer prevention and control.
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FIGURE 9
 From 1990 to 2021, the age-standardized mortality rate and DALY rate of nasopharyngeal cancer caused by behavioral factors in 21 GBD regions were classified by the SDI. The expected values based on SDI and burden indicators for all locations are represented by black lines. Statistical test results are shown at the top left of each subplot. (A) ASMR for smoking. (B) ASMR for high alcohol use. (C) ASDR for smoking. (D) ASDR for high alcohol use. ASMR, Age-Standardized Mortality Rate; ASDR, Age-Standardized DALY Rate; DALY, Disability-Adjusted Life Years; SDI, Sociodemographic Index.




3.5 Global distribution and hotspot evolution

In 2050, projections incorporated three key assumptions: population age structures were projected using United Nations probabilistic forecasts (2022 Revision), assuming medium fertility and mortality variants. Age-sex-specific smoking and alcohol use prevalence was extrapolated based on 2010–2021 trajectories, assuming no major policy changes (“policy stagnation” scenario). Age-standardized mortality-to-incidence ratios were held constant at 2021 levels.

The DALYs per 100,000 population outcomes due to smoking and high alcohol use for older males and females through 2050 show significant differences. Smoking-related DALYs were 39.31 per 100,000 for older males and 0.77 per 100,000 for older females, ~51 times higher for older males than for older females, and high alcohol use-related DALYs were 38.66 per 100,000 for older males and 1.80 per 100,000 for older female, 21.5 times higher for older male than for older female. The health burden of smoking was slightly higher than that of high alcohol use among older males (39.31 vs. 38.66 per 100,000), while the burden of high alcohol use was significantly higher among older females (1.80 vs. 0.77 per 100,000). Long-term trend analyses showed that smoking DALYs among older males have continued to decline since 1990 (59.50 per 100,000), while high alcohol use showed a fluctuating trend of decreasing and then increasing, eventually approaching the level of smoking; DALYs among older females were lower overall in both risk categories, but high alcohol use was projected to increase in 2050 compared with the previous period (Figure 10). The above results suggest that older males' health burden is still dominated by smoking and high alcohol use, and intensified targeted interventions are needed, while the potential increase in the risk of high alcohol use in older females may be associated with changes in behavioral patterns, and enhanced surveillance and early prevention are needed.
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FIGURE 10
 The projected trends of age-standardized DALY rate (per 100,000 population) for nasopharyngeal cancer attributable to behavioral factors from 1990 to 2050. The figure illustrates the trends of DALY rates due to smoking and high alcohol use in female and male populations. DALY, Disability-Adjusted Life Year.





4 Discussion

This study comprehensively analyzed the global, regional, and national burden of older adults' NPC attributable to smoking and high alcohol use from 1990 to 2021 and projected trends to 2050. To the best of our knowledge, this is the first study to simultaneously evaluate the long-term spatiotemporal trends, sociodemographic patterns, and sex disparities of NPC linked to these two major behavioral risk factors, using data from the Global Burden of Disease Study. The concentration of NPC burden in middle and high-middle SDI regions reflects a paradoxical interplay of rising risk exposure (e.g., delayed tobacco control adoption) and suboptimal healthcare access. For instance, middle SDI nations (e.g., China) experienced rapid economic growth accompanied by surging alcohol consumption, while high-middle SDI regions (e.g., Southeast Asia) lagged in enforcing advertising bans. In contrast, low SDI settings faced dual challenges of limited screening infrastructure and persistent EBV endemicity. Our findings extend prior GBD analyses in three key dimensions: First, we quantify the attributable burden of smoking and alcohol use, two understudied yet modifiable factors. Second, our stratification by SDI quintiles and sex uncovers previously masked inequities, such as the 51-fold higher smoking-related DALY rates in older males vs. females in LMICs—a disparity unaddressed in the existing literature.

Globally, the ASRs of DALYs and deaths showed significant downward trends, particularly for smoking. Smoking consistently contributed a higher burden than high alcohol use, both in terms of DALYs and deaths. Nevertheless, the gap between these two risk factors is narrowing in several regions, particularly in LMICs, where alcohol use is on the rise.

Marked regional heterogeneity was observed. East Asia remained the epicenter of NPC burden, with the highest ASRs and absolute numbers of DALYs for both risk factors, largely reflecting the endemicity of EBV, high smoking prevalence, and environmental co-exposures. Encouragingly, East Asia also showed one of the most pronounced decreases in ASRs, suggesting effective tobacco control policies and improved health awareness. By SDI level, middle and high-middle SDI regions bore a disproportionately high burden, consistent with higher risk exposure and suboptimal health system performance. Conversely, high SDI regions, particularly Australasia and Western Europe, showed the steepest declines in ASRs and the most effective risk mitigation, likely due to comprehensive smoking cessation programs, alcohol regulation policies, and better access to early diagnosis and care.

A prominent and persistent older male predominance in NPC burden attributable to both smoking and alcohol was evident across all regions. This is likely driven by a higher prevalence of risk behaviors among older males, biological differences in carcinogen metabolism, and delayed health-seeking behavior. The pronounced male predominance in NPC burden may stem from synergistic biological and behavioral mechanisms. Biologically, androgen receptor signaling has been shown to enhance EBV replication and promote nasopharyngeal epithelial cell proliferation, potentially amplifying carcinogenic effects in males. Additionally, sex-specific differences in carcinogen metabolism, such as lower expression of detoxifying enzymes (e.g., glutathione S-transferase) in males (25), may increase susceptibility to tobacco-derived nitrosamines. Behaviorally, cultural norms in many regions normalize heavy smoking and alcohol consumption among older males. For instance, in East Asia, 68% of males aged ≥60 years report daily smoking compared to 3% of females, while alcohol use prevalence is 4.5-fold higher in males. Occupational exposures (e.g., formaldehyde in male-dominated industries) and delayed healthcare-seeking behavior (e.g., 30% lower clinic attendance rates in males with early symptoms) further exacerbate disparities. Although some high SDI regions showed a slight narrowing of the older male-to-female ratio, the global trend remains largely unchanged, calling for more gender-sensitive prevention strategies. The significant decreases in ASRs and negative EAPC in most regions reflect the success of anti-smoking campaigns, alcohol taxation policies, and enhanced screening and healthcare access. To address the disproportionate burden among older males, gender-responsive policies must be prioritized. For instance, workplace-based NPC screening programs in male-dominated industries (e.g., mining and construction) could leverage routine occupational health checks. In South Africa, integrating EBV serology testing into silica dust exposure assessments increased early NPC detection by 35% among male miners aged ≥60 years. These approaches align prevention with masculine social roles, reframing healthcare engagement as a communal responsibility rather than individual weakness. However, regions with increasing or stable trends—such as Southeast Asia, Central Asia, and parts of Sub-Saharan Africa—require urgent public health interventions to halt and reverse the rising trajectories.

Our projections for 2050 suggest that while the global age-standardized burden will likely continue to decline, absolute DALYs and deaths are projected to increase, particularly in LMICs. This underscores the need for context-specific, long-term prevention strategies, including behavioral change campaigns, environmental regulation, and health system strengthening. A major strength of this study is the use of the GBD 2021 database (24, 26), enabling a globally comparable, comprehensive assessment over three decades. The inclusion of both smoking and alcohol allows for an integrated view of behavioral risk contributions.

However, some limitations should be acknowledged. First, GBD estimates rely on modeled data, especially in data-scarce regions, which may introduce uncertainty. Second, the synergistic effects of smoking and alcohol, as well as their interaction with EBV infection, were not separately quantified. Regional cultural and policy differences affecting behavior change were not incorporated into the projections. Finally, our analysis did not account for emerging risk factors that may confound the observed trends. For instance, the rapid adoption of vaping in high SDI regions could alter smoking-related risk profiles, as early evidence suggests that dual use of cigarettes and e-cigarettes may exacerbate upper respiratory tract inflammation and EBV reactivation (27).

Our findings highlight the continuing global burden of NPC attributable to smoking and alcohol, with substantial disparities across regions, SDI levels, and sexes. Prevention strategies must be tailored to local contexts and should include (1) strengthening tobacco and alcohol control laws, (2) expanding public education and behavioral interventions, (3) targeting high-risk older adult populations, especially older males in LMICs, and (4) investing in early detection and cancer care infrastructure. On-time policy action is essential to reduce the future burden and to achieve the NPC-related targets of global non-communicable disease prevention frameworks. Beyond conventional policies, emerging technologies and community-based approaches offer novel pathways for risk reduction. For instance, mobile health (mHealth) platforms—such as AI-driven chatbots delivering personalized smoking cessation support—have shown efficacy in rural China, achieving a 22% quit rate among older adult smokers through daily behavioral nudges. Similarly, community health worker networks in Sub-Saharan Africa integrate NPC screening with HIV/AIDS programs, leveraging existing trust to improve early detection rates by 30% in high-risk populations. At the systemic level, geospatial analytics could prioritize regions with overlapping high alcohol use and EBV prevalence for targeted vaccine deployment.



5 Conclusion

This comprehensive global assessment of nasopharyngeal cancer caused by tobacco and alcohol use among older adults reveals progress and continuing challenges. The decline in ASRs demonstrates the effectiveness of tobacco control policies and alcohol reduction strategies, particularly in high SDI countries. However, the growing burden in some low and medium SDI areas calls for urgent policy interventions and prevention strategies. Health education, early screening, and culturally sensitive interventions are essential to reduce the projected burden by 2050. Our study highlights the need to tailor nasopharyngeal cancer prevention programs regionally based on observed trends and risk factor attribution.



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

XW: Methodology, Writing – original draft. YLi: Writing – review & editing, Formal analysis, Investigation. YLu: Writing – original draft. XS: Writing – original draft, 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 thank the Institute for Health Metrics and Evaluation for sharing valuable GBD data.



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.2025.1614389/full#supplementary-material

SUPPLEMENTARY TABLE S1 | ASMR and ASDR of NPC attributable to smoking and high alcohol use across SDI regions (1990–2021), with key trends highlighted.



References

 1. Wu T, Miao W, Qukuerhan A, Alimu N, Feng J, Wang C, et al. Global, regional, and national burden of nasopharyngeal carcinoma from 1990 to 2021. Laryngoscope. (2025) 135:1409–18. doi: 10.1002/lary.31939

 2. Cui M, Cheng H, Yuan L, Zhang M, Chen J, Jia J, et al. Burden of nasopharyngeal carcinoma in Asia from 1990 to 2021. J Dent. (2025) 154:105583. doi: 10.1016/j.jdent.2025.105583

 3. Chen B, Zhan Z, Xu Y, Yu S, Huang J, Fang Y, et al. Long-term trends in the burden of nasopharyngeal carcinoma in China: a comprehensive analysis from 1990 to 2021 and projections to 2030 based on the global burden of disease study 2021. Radiother Oncol. (2025) 202:110613. doi: 10.1016/j.radonc.2024.110613

 4. Salehiniya H, Mohammadian M, Mohammadian-Hafshejani A, Mahdavifar N. Nasopharyngeal cancer in the world: epidemiology, incidence, mortality and risk factors. WCRJ. (2018) 5:e1046. doi: 10.32113/wcrj_20183_1046

 5. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660

 6. Young LS, Rickinson AB. Epstein–Barr virus: 40 years on. Nat Rev Cancer. (2004) 4:757–68. doi: 10.1038/nrc1452

 7. Wu T, Miao W, Qukuerhan A, Alimu N, Feng J, Wang C, et al. Global, regional, and national burden of nasopharyngeal carcinoma from 1990 to 2021. Laryngoscope. (2024) 135:1409–18. doi: 10.1002/lary.31939

 8. Song Y, Cheng W, Li H, Liu X. The global, regional, national burden of nasopharyngeal cancer and its attributable risk factors (1990–2019) and predictions to 2035. Cancer Med. (2022) 11:4310–20. doi: 10.1002/cam4.4783

 9. Shen Z, Cao Y, Luo L, Han L, Li J, Wang L, et al. The Global, Regional, and National Burden of Nasopharyngeal Carcinoma and Its Attributable Risk Factors in 194 Countries and Territories, 20 07–2017. Durham, NC: Research Square (2021).

 10. Okekpa SI, Mydin RB, Mangantig E, Azmi NSA, Zahari SNS, Kaur G, et al. Nasopharyngeal carcinoma (NPC) risk factors: a systematic review and m eta-analysis of the association with lifestyle, diets, socioeconomic and sociodemographic in Asian Region. Asian Pac J Cancer Prev. (2019) 20:3505–14. doi: 10.31557/APJCP.2019.20.11.3505

 11. Liu Q, Wang H, Chen Z, Xiong J, Huang Y, Zhang S, et al. Global, regional, and national epidemiology of nasopharyngeal carcinoma in middle-aged and elderly patients from 1990 to 2021. Ageing Res Rev. (2025) 104:102613. doi: 10.1016/j.arr.2024.102613

 12. Chang ET, Ye W, Zeng Y-X, Adami H-O. The evolving epidemiology of nasopharyngeal carcinoma. Cancer Epidemiol Biomark Prevent. (2021) 30:1035–47. doi: 10.1158/1055-9965.EPI-20-1702

 13. GBD 2019 Mental Disorders Collaborators. Global, regional, and national burden of 12 mental disorders in 204 countries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet Psychiatry. (2022) 9:137–50. doi: 10.1016/S2215-0366(21)00395-3

 14. Zhang R, He Y, Wei B, Lu Y, Zhang J, Zhang N, et al. Nasopharyngeal carcinoma burden and its attributable risk factors in China: estimates and forecasts from 1990 to 2050. IJERPH. (2023) 20:2926. doi: 10.3390/ijerph20042926

 15. Zhang Y, Rumgay H, Li M, Cao S, Chen W. Nasopharyngeal cancer incidence and mortality in 185 countries in 2020 and the projected burden in 2040: population-based global epidemiological profiling. JMIR Public Health Surveill. (2023) 9:e49968. doi: 10.2196/49968

 16. Yu H, Yin X, Mao Y, Chen M, Tang Q, Yan S. The global burden of nasopharyngeal carcinoma from 2009 to 2019: an observational study based on the Global Burden of Disease Study 2019. Eur Arch Otorhinolaryngol. (2021) 279:1519–33. doi: 10.1007/s00405-021-06922-2

 17. Mathers CD. History of global burden of disease assessment at the World Health Organization. Arch Public Health. (2020) 78:77. doi: 10.1186/s13690-020-00458-3

 18. James SL, Castle CD, Dingels ZV, Fox JT, Hamilton EB, Liu Z, et al. Estimating global injuries morbidity and mortality: methods and data used in the Global Burden of Disease 2017 study. Inj Prev. (2020) 26:i125–i53. doi: 10.1136/injuryprev-2019-043531

 19. McLain AC, Frongillo EA, Hess SY, Piwoz EG. Comparison of methods used to estimate the global burden of disease related to undernutrition and suboptimal breastfeeding. Adv Nutr. (2019) 10:380–90. doi: 10.1093/advances/nmy094

 20. Kumar S, Mukta G, Sagar A, Luu BN, Thi NT, Rammohan A. Alcohol consumption among adults in Vietnam: prevalence, patterns, and its determinants. J Subst Use. (2023) 28:57–65. doi: 10.1080/14659891.2021.2006343

 21. Lao T, Le TAH. Epidemiology, Incidence and Mortality of Nasopharynx Cancer in Southeast Asia: an Update Report. Lubbock, TX: The Running Line (2020).

 22. Jiang H, Room R, Livingston M, Callinan S, Brennan A, Doran C, et al. The effects of alcohol pricing policies on consumption, health, social and economic outcomes, and health inequality in Australia: a protocol of an epidemiological modelling study. BMJ Open. (2019) 9:e029918. doi: 10.1136/bmjopen-2019-029918

 23. Huang G, Wang Y, Qin B, Zeng J, tan H, Zhang D, et al. Global, regional and national burdens of Nasopharynx cancer in the adolescents and young adults from 1990 to 2019 and its predictions. BMC Cancer. (2024) 24:720. doi: 10.1186/s12885-024-12480-7

 24. Zhang Y, Gu S, Deng H, Shen Z. Global epidemiological profile in nasopharyngeal carcinoma: a predicti on study. BMJ Open. (2024) 14:e091087. doi: 10.1136/bmjopen-2024-091087

 25. Peng X, Zhou Y, Tao Y, Liu SJP. Nasopharyngeal Carcinoma: the Role of the EGFR in Epstein–Barr Virus Infection. Basel: MDPI (Multidisciplinary Digital Publishing Institute) (2021). p. 1113.

 26. Zhang Y, Cao Y, Luo L, Li J, Wang L, Lu Y, et al. The global, regional, and national burden of nasopharyngeal carcinoma and its attributable risk factors in 204 countries and territories, 19 90–2019. Acta Otolaryngol. (2022) 142:590–609. doi: 10.1080/00016489.2022.2111711

 27. Wang L, Mai Z-M, Ngan RK-C, Ng W-T, Lin J-H, Kwong DL-W, et al. Dose-response reduction in risk of nasopharyngeal carcinoma from smoking cessation: a multicenter case-control study in Hong Kong, China. Front Oncol. (2021) 11:699241. doi: 10.3389/fonc.2021.699241

Copyright
 © 2025 Wang, Li, Luo and Song. 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/math_3.gif
In(ASR)=a+ Bx+ &





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Global and regional burden of nasopharyngeal cancer in older adults attributable to smoking and high alcohol use from 1990 to 2021



		1 Introduction



		2 Methods



		3 Results



		3.1 Global trends of nasopharyngeal cancer attributable to smoking and high alcohol use in older adults



		3.2 Regional patterns and temporal changes in nasopharyngeal cancer burden of older adults



		3.3 Gender and age disparities in nasopharyngeal cancer mortality and DALYs attributable to behavioral factors



		3.4 Global trends in risk factor attributable burden of older adults (1990–2021)



		3.5 Global distribution and hotspot evolution







		4 Discussion



		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		References

















OPS/images/math_2.gif





OPS/images/math_4.gif
EAPC =100% (e - 1)





OPS/images/math_1.gif
DALYs=YLL+ YLD





OPS/images/fpubh-13-1614389-g010.gif
FFF P F I FF I











OPS/images/crossmark.jpg
©

|






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







OPS/images/fpubh-13-1614389-g005.gif
s
S NS

R eyt S P
"STOALYS At o Sking 01

<

0000000060060000060660066¢]
10006060006000006060000000+
10000000000000000060000000+
10000000000000000660000000¢|
100000008000000300600000001
100000000000000000600000004!
10606060600060036060006060:
0000000000000000660600000¢f

A St Fe)

RN SR R D

10000000666660000000660000
10006000006660000060006000:
100000000000000000000000008
100000050006050000000000008
10000000000060000000000000:
0006009096000000000000000:
106066656066600060606006606
100000090060090000600000008k

IR
HIP PG
v WE_:m

it

D

nnmmw_—_w__hMMMMmmmmw
1 m
M i WWWW_ mmw

9606009606063090060000000
10006060000000006660000600¢}
10000000000000000060000000¢
10000000000000000060000000¢}
15000000000000096660006000¢]
10000000600000030060000000+
10006060606060036060006000+
100000006000000300600060000

9606009096053000000000600:
100060090060000060006006000:
100000000000000000000000008
10000000000000000000000000:
15000005006660000060006000:
10000000006060000000006000:
10006000006063006060006000:
100060000060600000600000008

T MMMmmm____mmuuw_mh
fUN R et
P 3

w Mmmmmmw |

i ﬁ:ﬁ_ il
jlg





OPS/images/fpubh-13-1614389-g006.gif





OPS/images/fpubh-13-1614389-g003.gif





OPS/images/fpubh-13-1614389-g004.gif





OPS/images/fpubh-13-1614389-g009.gif





OPS/images/fpubh-13-1614389-g007.gif
Wigh.ainoel me






OPS/images/fpubh-13-1614389-g008.gif





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

Global and regional burden of

nasopharyngeal cancer in older

adults attributable to smoking

and high alcohol use from 1990
to 2021





OPS/images/fpubh-13-1614389-g001.gif





OPS/images/fpubh-13-1614389-g002.gif





