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Background: This study aimed to describe the temporal trends in the age and sex burdens of lower respiratory infections (LRIs) in China and globally from 1990 to 2021 and to analyze their epidemiological characteristics to formulate corresponding strategies to control LRIs.

Methods: This study utilized open data from the Global Burden of Disease (GBD) database from 1990 to 2021 to assess the burden of disease based on the prevalence, incidence, mortality, years lost (YLLs), years lived with disability (YLDs), and disability-adjusted life-years (DALYs) of LRIs in China and globally. Moreover, a comprehensive comparative analysis of the epidemiological characteristics of LRIs in China and globally was conducted via the Joinpoint regression model, age-period-cohort model (APC model), and stratified analysis of the study method from multiple dimensions, such as age, sex, and period. Finally, we used an autoregressive integrated moving average (ARIMA) model to predict the disease burden in LRIs over the next 15 years.

Results: From 1990 to 2021, China's age-standardized incidence, deaths, and disability-adjusted life year (DALY) rates per 100,000 people decreased from 5,481.13 (95% CI: 5,149.05, 5,836.35) to 2,853.81 (95% CI: 2,663.94, 3,067.55), from 60.65 (95% CI. 52.96, 66.66) to 14.03 (95% CI: 11.68, 17) and from 3,128.39 (95% CI: 2,724.11, 3,579.57) to 347.67 (95% CI: 301.28, 402.94). The global age-standardized incidence, deaths, and DALY rates per 100,000 people, on the other hand, decreased from 6,373.17 (95% CI: 5,993.51, 6,746.04) to 4,283.61 (95% CI: 4,057.03, 4,524.89) and from 61.81 (95% CI: 56.66, 66.74) to 28.67 (95% CI: 25.92, 31.07) and from 3,472.9 (95% CI: 3,090.71, 3,872.11) to 1,168.8 (95% CI: 1,016.96, 1,336.95). The decline in the aforementioned indicators is greater in the female population than in the male population, and the decrease in China is more pronounced than the global trend. In China, the age-standardized incidence and mortality rates of LRIs showed an annual average percentage change (AAPC) of −2.12 (95% CI: −2.20, −2.03) and −4.77 (95% CI: −5.14, −4.39), respectively. Globally, the age-standardized incidence and mortality rates for LRIs decreased by −1.28 (95% CI: −1.37, −1.18) and −2.47 (95% CI: −2.61, −2.32). By 2036, the incidence of lower respiratory infections (LRI) among men and women in China is projected to decrease by 36.55 and 46.87%, respectively, while the mortality rates are expected to decline to 12.67% for men and increase by 71.85% for women. In comparison, the global decline in LRI incidence is lower than that observed in China, yet the reduction in mortality rates is greater globally than in China.

Conclusions: Age-standardized incidence, mortality and disability-adjusted life years (DALYs) decreased more in China than at the global level between 1990 and 2021. Compared with the previous period, the COVID-19 pandemic has led to a significant decrease in the disease burden of LRIs. As the population continues to age, the disease burden of LRIs in the old adult population will become a major new public health challenge.
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Introduction

Lower respiratory tract infections (LRIs) caused by various pathogens, such as bacteria, viruses, and fungi, are among the leading causes of death globally and are characterized by clinically diagnosed pneumonia and bronchitis (1). According to the most recent published study from the Global Burden of Disease (GBD), it is estimated that there will be ~344 million cases of LRIs globally in 2021, with ~2.18 million deaths (2). The burden of LRIs is influenced mainly by a variety of associated factors, such as age, sex, pathogen type, and socioeconomic and environmental factors (3–6).

With improvements in medical conditions and the implementation of targeted preventive measures, the number of LRI illnesses and deaths in China has shown a decreasing trend. However, the current burden of disease is still heavy, and the number of LRI deaths in China in 2019 will still reach 185,000. In addition, improvements in air quality and the reductions of smoking, drinking, and other bad habits in the population as risk factors for LRIs are also worthy of attention (7).

Despite ongoing research, a notable gap exists in understanding how recent global health crises, particularly the coronavirus disease 2019 (COVID-19) pandemic, have influenced LRI trends (8). The epidemiological impact of COVID-19 on lower respiratory infections (LRI) has been significant and multifaceted (9). The pandemic has led to a reassessment of LRI incidence, with some studies indicating that the surge in COVID-19 cases may have obscured the prevalence of other respiratory infections (2). Additionally, COVID-19 has affected mortality rates associated with LRIs, as the influx of COVID-19-related deaths may contribute to an overall increase in LRI mortality (10). The strain on healthcare systems due to the pandemic has resulted in delayed diagnoses and treatments for LRI patients, potentially exacerbating their conditions. Public health interventions implemented to combat COVID-19, such as social distancing and mask-wearing, have also had the unintended effect of reducing the transmission of other respiratory viruses, influencing LRI incidence rates (11). Furthermore, the long-term consequences of COVID-19, including potential lung damage, may increase the risk of future lower respiratory infections (12). Lastly, the rollout of COVID-19 vaccines may indirectly affect the epidemiology of other respiratory infections by enhancing population immunity (13). These dynamics underscore the need for a comprehensive understanding of the ongoing effects of COVID-19 on respiratory health (14).

Understanding the trends and burden of lower respiratory tract infections (LRIs) provides critical clues for epidemiology and public health control efforts. Epidemiological clues, such as patterns in incidence, mortality, and risk factors, are essential for identifying populations at higher risk, detecting emerging trends, and informing preventive measures. By analyzing the age-standardized incidence and mortality rates of LRIs, this study highlights the changes in disease burden over time, including the impact of the COVID-19 pandemic on LRI trends in China compared to global patterns. This study aims to fill this gap by examining long-term trends in the burden of LRIs in China from 1990 to 2021, focusing on the changes brought about by the COVID-19 pandemic. This study presents a description and analysis of the incidence, prevalence, mortality, years lost (YLLs), years lived with disability (YLDs), and disability-adjusted life years (DALYs) of LRIs in China and globally in 2021 based on just-released data from the Global Burden of Disease, Injury, and Risk Factors Study (GBD) 2021. We will investigate the etiology and risk factors of lower respiratory infections (LRIs) across different age groups, analyzing trends and future burdens using Joinpoint regression modeling, age-time-cohort analysis, stratified analyses, and autoregressive integrated moving average (ARIMA) modeling. This comprehensive approach aims to inform the development of targeted prevention strategies for LRIs.



Methods


Data sources overview

Data for this study were extracted from the Global Burden of Disease (GBD) 2021 website (https://vizhub.healthdata.org/gbd-results/), which includes data on 371 diseases and injuries and 88 risk factors from 204 countries and territories (7, 15). Specifically, we downloaded age-specific data on LRI, including prevalence, incidence, mortality, years of life lost (YLLs), years of life lived with disability (YLDs), and disability-adjusted life-years (DALYs), and age-standardized rates corresponding to the above metrics, from 1990 to 2021 in China and globally, with case definitions of LRI meeting the clinical criteria of the International Classification of Diseases 9 and 10 clinical criteria. To our knowledge, after raw data are obtained through national and international health surveys, hospital records, and death registries, the Institute for Health Metrics and Evaluation (IHME) at the University of Washington standardizes and cleanses the data to improve comparability and accuracy. Researchers also estimate epidemiologically relevant indicators of disease by etiology, sex, year, and location by implementing several different models, including the pooled model of deaths (CODEM), spatiotemporal Gaussian process regression (ST-GPR), and Bayesian meta-regression tool, Dimod-MR (1). In addition, the data extraction process may also need to take into account the impact of regional differences and temporal variations on the authenticity and reliability of the data.



Join-point regression model

We utilized a Joinpoint regression model to evaluate trends in the disease burden of lower respiratory tract infections in China over different periods. The Joinpoint regression model is a statistical technique used to identify significant changes (or “joinpoints”) in trends over time. Joinpoints represent points where the direction or rate of change shifts, allowing for a more nuanced analysis of data trends. To determine these joinpoints, we use statistical criteria that assess the fit of the model at various potential points, selecting those that significantly improve the model's explanatory power. The choice of specific years as joinpoints is based on observed data trends and statistical testing, ensuring that the identified changes are both meaningful and representative of underlying shifts in the epidemiology of lower respiratory infections (16). The traditional regression model mainly fits and evaluates the overall trend of disease distribution within the study timeframe from a global perspective and cannot present the local change characteristics. This method, on the other hand, effectively avoids the non-objectivity of typical linear trend-based analysis and thus realizes the characterization and analysis of disease variation features specific to different time intervals on a global time scale. The annual percent change (APC), average annual percent change (AAPC), and 95% CI are the main outcome metrics of the Joinpoint model. APC is used to evaluate the internal trend of the independent intervals of the segmentation function or the global trend when the number of joinpoints is 0, whereas AAPC is used to comprehensively evaluate the global mean trend of change that encompasses multiple intervals. The parameters of AAPC are calculated by weighting the regression coefficients of the intervals by the width of the span of the segmented intervals w. Joinpoint (version 5.1.0; National Cancer Institute, Rockville, Maryland, USA) was used to create this model.



Age-period-cohort model

The APC model further decomposes the effects of age, period, and cohort, allowing for analysis of age-group-specific incidence changes over time and the influence of generational shifts on LRI risk. The purpose of age-period-cohort analyses is to assess the impact of age, period, and cohort effects on outcomes (e.g., disease incidence or mortality). Age effects represent the differential risk of outcomes associated with different age groups; period effects represent the impact of temporal changes on outcomes across all age groups; and cohort effects represent variations in outcomes between groups of individuals with the same year of birth (cohorts) as a result of early life experiences and social factors. The general log-linear form of the age-period-cohort model is as follows:
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where μ represents the intercept error, ε represents the random error, and α, β, and γ represent the age effect, period effect, and cohort effect, respectively (17). In this study, we extracted the incidence data of lower respiratory tract infections in China and globally from the GBD2021 database from 1990 to 2021 and divided them into 20 age groups according to the groups of every 5 years (< 5, 5–9, 10–14.....80–84, 85–89, >90) into 20 age groups; 1990–2021 were divided into one period group according to every 5 years: 1992–1996, 1997–2001.....2017–2021 (because 1990–1991 was < 5 years, it could not be divided and could only be divided into 1992–2021), a total of 6-period groups were obtained; at the same time, the number of people in different age groups with lower respiratory tract infections in China from 1990 to 2021 was obtained by downloading from the GBD 2021 results tool. Since the annual population data provided by GBD were all single-year data, we averaged and combined them into 5-year intervals. This makes estimating a unique set of effects for each age, period, and cohort difficult because of the linear relationship between age, period, and cohort, and the problem of non-identifiability may still exist. The strong covariance between period, age, and cohort can be addressed by the intrinsic estimator (IE) algorithm (18), which was implemented in this study via the APC model analysis tool available on the National Cancer Institute (NCI) website (https://analysistools.cancer.gov/APC/). Net Drift (% per year) represents the overall time trend in mortality/morbidity, taking into account both components of the trend attributable to period and cohort factors. The APC model also estimated the time trend in mortality within each age group, expressed as the annual percentage change in age-specific mortality (Local Drift, % per year), which reflects trends in birth cohort effects and whose Wald chi-square test results suggest the presence or absence of birth cohort effects. Analysis of longitudinal age curves reveals whether there is an age effect; hypothesis testing of period deviation (period deviation) and the period rate ratio (period RR) reveals whether there is a period effect (19).



Autoregressive integrated moving average model

The Autoregressive Integrated Moving Average (ARIMA) model is employed to forecast future trends in lower respiratory infections (LRIs). It combines the features of autoregressive (AR), sliding average (MA), and integral (I) models for describing and forecasting time series data. Autoregression (AR) is a model that assumes that the current values are a linear combination of several past values. It is denoted as AR(p), where p is the order of the autoregressive term. Integration (I) is used to make the time series smooth. This is achieved by performing a different operation on the non-smooth series. It is denoted as I(d), where d is the number of differencing operations used to smooth the series. The sliding average (MA) is the model's assumption that the current value is a linear combination of several past error terms. It is denoted as MA(q), where q is the order of the sliding average term. This statistical method is particularly effective for time series data, as it captures patterns and dependencies within historical data to predict future values (20). By integrating autoregressive terms (which relate current values to past values), differencing (to ensure stationarity), and moving averages (which smooth out fluctuations), the ARIMA model provides a robust framework for understanding underlying trends. In this study, we utilize ARIMA to estimate the future burden of LRIs, allowing for informed projections that can guide public health interventions and resource allocation.



Statistical analysis

We analyzed the incidence, prevalence, mortality, DALYs, YLDs, and YLLs of lower respiratory infections (LRIs) in China and globally for 2021, along with their age-standardized rates. In this study, the reported mortality rates specifically refer to LRI-related deaths, distinguishing them from all-cause mortality. This focus allows for a more accurate assessment of the impact of lower respiratory infections on health outcomes. Using Joinpoint software (National Cancer Institute, Rockville, MD, USA), we calculated the average annual percentage change (AAPC) and corresponding 95% confidence intervals (95% CI) to illustrate the trends in LRI burden from 1990 to 2021. An AAPC with a 95% CI >0 indicates an increasing trend, a value < 0 indicates a decreasing trend and a value of 0 indicates a stable trend. For the age-period-cohort analysis, we divided the data into consecutive 5-year intervals from 1992 to 2021. Data from 1990 to 1991 were excluded because of an incomplete 5-year span. Age groups were categorized into 20 groups, ranging from under 5 years to over 95 years. To develop the ARIMA model, we first stabilized the time series data through differencing. The optimal model was selected based on the Akaike information criterion (AIC) via the Akaike() function. This approach ensures a comprehensive analysis of LRI trends over time, providing valuable insights into the shifting disease burden in China and globally. Statistical analysis and visualization were performed via R software (version 4.1.3) and Joinpoint software (version 4.9.1.0). A p-value of < 0.05 was considered statistically significant.




Results


Descriptive analysis of the Chinese and global LRIs in 1990 and 2021

In China, the number of LRI cases in 2021 was 44,704,579, and the number of deaths was 206,930, which were 12.35% and 56.43% lower than the 1990 data (50,936,862 cases and 474,883 cases), respectively. The global number of LRI cases in 2021 (343,606,787 cases) was 8.66% greater than that in 1990 (313,864,642 cases). However, the number of deaths (2,183,001 cases) decreased by 27.56% compared with that in 1990 (3,013,349 cases). This may be attributed to China's more stringent isolation strategy during the COVID-19 pandemic.

The age-standardized results of the prevalence, incidence, mortality, DALYs, YLDs and YLLs of LRIs in China in 2021 were as follows: 64.32 cases per 100,000 people, 2,853.81 new cases per 100,000 people, 14.03 deaths per 100,000 people, 347.67 disability-adjusted life years (DALYs)/per 100,000 people, 3.79 YLDs/per 100,000 people, 343.88 YLL/per 100,000 people. Compared with that in 1990, the decline in each of the above indicators in China exceeded the global decline over the same period, as shown in Tables 1, 2. We compared the above indicators with the disease burden indicators for China and the world in 2019, the year before the pandemic began (Supplementary Table 1), and found that the changes in these indicators in China after the onset of the pandemic were greater than those before the pandemic and also greater than the corresponding changes globally during the same period. This demonstrates that the impact of the COVID-19 pandemic on the disease burden of LRIs in China was greater than its impact on the global LRI burden.


TABLE 1 All-age cases and age-standardized prevalence, morbidity, mortality, YLL, YLD, and DALY rates of lower respiratory tract infections in China and global, 2021.
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TABLE 2 All-age cases and age-standardized prevalence, morbidity, mortality, YLL, YLD, and DALY rates of lower respiratory tract infections in China and global, 1990.
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The population pyramid is used to visualize the prevalence, incidence, and mortality proportion in different age groups to the corresponding total number of people. Figure 1 shows the incidence, mortality, and DALYs of LRIs for different sexes and age groups in China in 2021. LRIs occur more frequently in people under 10 and over 60 years of age than in other age groups, with a rapid increase in the number of cases between 50 and 94 years of age. The highest incidence rates are among men aged 85–89 years and women aged 65–69 years. A similar trend is observed concerning deaths; the highest number of deaths for both males and females is concentrated between the ages of 85 and 89, with a sharp increase after the age of 65. The highest number of DALYs for males and females was concentrated in the < 5-year age group, with a gradual increase in the number of DALYs in the 60–85-year age range. The number of incidences and deaths in males is greater than that in females in most age segments, with the number of morbidities in males being lower than that in females only at the age of 85 years and above, and the number of deaths and DALYs being greater in females than in males only in the age group of 95 years and above. This may be related to the difference in the ratio of men to women and the average life expectancy of men and women in China (21, 22). However, the distribution of the above indicators by age group in China in 1990 was such that the maximum number of incidences, deaths, and DALYs were concentrated in the < 5 years of age group. The trend of the disease burden of LRIs being greater for males than for females remains unchanged in China from 1990 to 2021, but the main burden of disease has shifted from children to old adults (Supplementary Figure 1). Globally, the highest number of morbidities, deaths, and DALYs in all age groups in 1990 and 2021 were among those < 5 years of age (Figure 2). This suggests that the disease burden of LRIs in children < 5 years of age is lower in China than in the rest of the world and that the COVID-19 epidemic has increased the disease burden of LRIs in the global old adult population. This suggests that socio-economic factors play an important role in the burden of LRIs. Key factors include increased income, which enhances access to healthcare and improves living conditions (23); widespread education, which boosts health literacy and disease prevention awareness (24, 25); and improved access to healthcare, which can influence timely diagnosis and treatment (26). Additionally, urban-rural disparities, environmental exposures (e.g., air pollution), and occupational risks further impact LRI rates (2, 27). These factors highlight the need for targeted public health interventions to address socio-economic inequalities and effectively reduce the burden on local healthcare systems.
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FIGURE 1
 Age-specific incidence (A), mortality (C), DALY (E), and age-standardized rates (B, D, F) of LRIs in China in 2021.
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FIGURE 2
 Age-specific incidence (A), mortality (C), DALY (E), and age-standardized rates (B, D, F) of LRIs globally in 2021.


Figure 3 shows the trends in the number of LRIs, deaths, DALYs by sex across all age groups, and age-standardized rates in China and globally for the period from 1990 to 2021. The incidence and number of deaths in China steadily increased after 2010, but the overall trends of incidence, mortality, and DALY age-standardized rates decreased annually. This may be because, compared with that in the previous year, the incidence rate in 2020 had a relatively large decrease, but the mortality rate increased compared with that in the previous year. Globally, the overall trends of the three indicators from 1990 to 2021 are roughly the same as those in China, but all of them clearly decrease in 2020. Although the disease burden of LRIs is decreasing annually, it remains to be seen whether the occurrence of an epidemic affects the current trend.
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FIGURE 3
 Trends in the number of LRIs by sex and age-standardized morbidity, mortality, and disability-adjusted life year (DALY) rates of LRIs in China (A, C, E) and globally (B, D, F) from 1990 to 2021.




Join-point analysis of LRI incidence and mortality in china and globally

The results of the Joinpoint regression analysis of the age-standardized incidence and mortality rates of LRIs in China from 1990 to 2021 are shown in Figures 4, 5. We found that, among males, the trend of disease incidence decreased significantly from 1995 to 2000 and from 2006 to 2010 for both periods [APC = −2.88 (1996–1999), 95% CI: −3.10, −2.65], [APC = −2.56 (2006–2010), 95% CI: −2.93, −2.19] for females, whereas the declining trend in incidence slowed from 2012 to 2019 [APC = −1.06 (1995–1999), 95% CI: −1.44, −0.68]. Globally, the declining trend of incidence rates for both sexes was relatively stable until 2019, after which the epidemic significantly reduced the incidence rates for both sexes in China and the world.
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FIGURE 4
 Joinpoint regression analysis of sex- and age-standardized incidence rates of LRIs in China (A, C, E) and globally (B, D, F) from 1990 to 2021.
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FIGURE 5
 Joinpoint regression analysis of sex- and age-standardized mortality rates of LRIs in China (A, C, E) and globally (B, D, F) from 1990 to 2021.


In terms of mortality rates of the LRIs, the mortality rates for both sexes in China maintained a relatively rapid declining trend. The age-standardized mortality rates exhibited the greatest declining trend from 2004 to 2007, with the highest rates for males (2004–2007 APC = −7.01, 95% CI: −9.84, −4.09) and females (2004–2007 APC = −9.485, 95% CI: −12.29, −6.58). The overall downward trend in the annual standardized rate of death globally until 2019 was lower than that in China, but there was a significant decrease in global mortality rates for both sexes after 2019, with a significant reduction for males (2019–2021 APC = −8.55, 95% CI: −10.41, −6.66) and females (2019–2021 APC = −11.11, 95% CI: −12.96, −9.22). Detailed information on the APC values can be found in Supplementary Table 2.

Table 3 shows the AAPC values for LRI incidence and mortality from 1990 to 2021. The age-standardized incidence and mortality rates of LRIs in China decreased by −2.12 (95% CI: −2.20, −2.03) and −4.77 (95% CI: −5.14, −4.39), respectively. The global age-standardized incidence and mortality rates of LRIs decreased by −1.28 (95% CI: −1.37, −1.18) and −2.47 (95% CI: −2.61, −2.32), respectively. The AAPC values for LRI incidence and mortality in China were lower than those in the world, and the AAPC values for both incidence and mortality were lower in women than in men.


TABLE 3 The AAPC values for LRI incidence and mortality in China and globally from 1990 to 2021.
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The effects of age, period, and cohort on incidence and mortality rates

Figures 6, 7 depict the trends of LRIs and mortality rates in the APC model for the period of 1992–2021 in China. The net drift (% per year) values reflecting the overall trends of the two indicators are −1.1043 and −4.9181, which show that both are decreasing and that the mortality rate is decreasing more than the incidence rate. In terms of the effect of age, the incidence rate decreases gradually before the age of 12.5 years. It increases rapidly after the age of 62.5 years, whereas the mortality rate decreases gradually with age before the age of 12.5 years and increases rapidly with age after the age of 67.5 years. In terms of the period effect, after May 2004 to the present, the decline in incidence and mortality rates in China was significantly lower than before. Since the outbreak of SARS in 2003, comprehensive infectious disease control measures in China, including improvements in resources, systems, and legislation, have contributed to this downward trend. Key developments include the introduction of the Regulations on Emergency Response to Public Health Emergencies in 2003, the Infectious Disease Prevention and Control Law of the People's Republic of China in 2004, and subsequent updates in 2013 and 2020 (28). Regarding the cohort effect, the incidence and mortality rates of LRIs in the population born after 1957 were lower than those born before 1957. Historically, the Asian flu outbreak in China in 1957 prompted the government to strengthen public health infrastructure, including the establishment of the National Influenza Center and the publication of the Influenza Manual in 1958. These measures may have contributed to the observed differences in LRI incidence and mortality across population cohorts (29, 30).
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FIGURE 6
 The APC model of LRI incidence in China. (A) Age effect. (B) Period effect. (C) Birth cohort effect. (D) Annual percentage change in age-specific mortality rates.
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FIGURE 7
 The APC model of LRI deaths in China. (A) Age effect. (B) Period effect. (C) Birth cohort effect. (D) Annual percentage change in age-specific mortality rates.




Decomposition analysis of drivers of LRI epidemiology

To assess the extent to which population aging, population size, and epidemiological changes affect the age-standardized prevalence, incidence, mortality, and DALY of LRIs in China and globally, we decomposed and analyzed the above data (Figures 8, 9); within China, the decrease in LRI incidence was most affected by population aging (92.31%), whereas age-standardized rates of prevalence, mortality, and DALY reduction were all most affected by epidemiologic changes (477.25, 282.56, and 98.11%, respectively). Worldwide, the increase in prevalence was most affected by epidemiological changes (−482.98%), the increase in incidence was most affected by population size (−1,113.53%), and the decrease in mortality and the age-standardized rate of DALYs was most affected by epidemiological changes (346.33, 126.37%; Table 4).
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FIGURE 8
 Decomposition analysis of the drivers of LRI incidence (A), morbidity (B), mortality (C), and DALY (D) rates in China in 2021.
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FIGURE 9
 Decomposition analysis of the drivers of LRI incidence (A), morbidity (B), mortality (C), and DALY (D) rates globally in 2021.



TABLE 4 Decomposition analysis of aging, population, and epidemiological change of LRI epidemiology.
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Prediction of LRIs prevalence and mortality in the next decade

On the basis of the available epidemiological data, an ARIMA model was used to predict the trend of morbidity and mortality associated with LRIs in both sexes in China and globally in the next 15 years (Figures 10, 11). After filtering by the auto.arima() function, the optimized models for the age-standardized incidence rates of LRIs in Chinese males and females were (0,1,0) and (2,1,0), respectively, with AIC values of 336.21 and 346.51. According to the prediction results, the age-standardized incidence rates of LRIs in Chinese males and females in 2,036 decreased by 36.55% compared with those in 2021 and by 49.87% to 1,978.483/100,000 and 1,335.520/100,000 people, respectively. The optimization models for the LRIs of the age-standardized mortality rates for males and females in China were (0, 2, 1) and (0, 2, 0), respectively, with AIC values of 84.66 and 41.38. The mortality of LRIs for males in China is projected to decrease by 12.67% to 17.854/100,000 people by 2,036, whereas the mortality for females will increase by 71.85% to 17.711/100,000 people.


[image: Figure 10]
FIGURE 10
 Predicted trends of LRI incidence (A) and mortality (C) in men and LRI incidence (B) and mortality (D) in women in China over the next 15 years (2022–2036). The red line represents the true trend of LRIs and mortality between 1990 and 2021; the yellow dotted line and shaded area represent the predicted trend and its 95% CI, respectively.
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FIGURE 11
 Predicted trends of LRI incidence (A) and mortality (C) in men and LRI incidence (B) and mortality (D) in women in Global over the next 15 years (2022–2036). The red line represents the true trend of LRIs and mortality between 1990 and 2021; the yellow dotted line and shaded area represent the predicted trend and its 95% CI, respectively.


Through the process described above, we also made predictions for future epidemiologic indicators related to LRIs globally. The ARIMA optimization models for the global age-standardized incidence rates for males and females were (0, 1, 0) and (0, 1, 1), respectively, with AIC values of 363.74 and 342.28. The global age-standardized incidence rates for males and females declined by 24.01% and 24.17% in 2036 to 3,611.556 and 2,928.278 per 100,000 population, respectively. The ARIMA optimization models for the world LRI age-standardized mortality rates for males and females were (0,1,1) and (0,1,0), with AIC values of 77.47 and 67.44, respectively. Compared with 2021, the global age-standardized mortality rates for males and females in 2036 decreased by 50.34 and 62.95%, respectively, to 17.005 per 100,000 and 9.076 per 100,000.




Discussion

Based on the newly released GBD 2021 database, we comprehensively assessed the changes in LRI epidemiologic indicators (incidence, prevalence, mortality, DALYs, YLLs, YLDs) in China and globally from 1990 to 2021 and predicted the future trends of these indicators. We analyzed the epidemiological trends of LRIs in China and globally via Joinpoint analysis combined with APC modeling and decomposition analysis. Although Kang et al. published a study on the trends of mortality, etiology, and risk factors for LRIs in China based on data from the GBD2019 (31), with the pandemic COVID-19 outbreak, the corresponding measures taken worldwide for the prevention and treatment of LRIs have had a profound impact on the epidemiological changes in such diseases (8, 32, 33). Therefore, it is necessary to reevaluate and analyze the trends of epidemiological indicators of LRIs in China and the world after 2019 and to make appropriate predictions for possible future changes. This will facilitate the reformulation of targeted measures and the updating of effective interventions.

The results of the analysis revealed that although the incidence, prevalence, and YLD rates of the LRIs were higher in 2021 than in 1990 globally, the ASIR, ASPR, ASMR, ASDR, and ASYR (YLD and YLL) rates of the LRIs exhibited stable decreasing trends from 1990 to 2021 in both China and the world. In addition, the declines in the above indicators are more significant within China than globally, reflecting the fact that China's more stringent isolation and prevention strategies after SARS and COVID-19, as well as improvements in environmental pollution, especially air quality, have been effective in reducing the spread of respiratory diseases (34–36). Previous studies have similarly reported a decline in LRI incidence and mortality rates over recent decades, attributing these trends to improved healthcare access, vaccination coverage, and reductions in risk factors like smoking and air pollution (2, 27). In terms of age and sex, the burden of disease is greater in males than in females in most age groups, which correlates with sex-specific susceptibility to respiratory pathogens and with alcohol and tobacco use in males (5, 37–39). Notably, the main burden of disease for both the global and Chinese LRIs in 1990 was concentrated in children < 5 years of age. This status quo shifted in China in 2021 to a major burden concentrated in older adults >60 years of age, whereas globally, although the number of LRI morbidities and deaths in older adults has risen as a proportion of the all-age population, children < 5 years of age continue to occupy the first place for both indicators. This is consistent with previous studies showing a higher disease burden in this age group. This may be due to their immature immune system combined with exposure to new pathogens, as well as the increased probability of disease transmission in highly crowded school environments (40). The number of people over 65 in China in 2020 was 2.4 times greater than in 1990 (41). Moreover, the life expectancy of the Chinese population in 2020 will have increased by 8.7 years compared with that in 1990. This may reflect the aging of the Chinese population structure and the increasing proportion of government investment in child health management (42–44). In addition, older adults tend to exhibit an increased frequency of disease and poor prognosis due to functional decline of vital organs and a combination of comorbidities. Therefore, as populations continue to age around the world, especially in high-income countries, there is a need to continue to emphasize effective control of the burden of disease in children while focusing on preventing the causes and risk factors for LRIs in older adults and developing timely measures to reduce the fatal burden of LRIs (45, 46).

Joinpoint analysis revealed that the incidence of LRIs among men in China declined more sharply in 1995–2000 and 2006–2010 than in other periods did, whereas the decline in women's incidence was more moderate, which may be related to China's policy of accession to the Framework Convention on Tobacco Control (FCTC) and implementation of a nationwide anti-tobacco ban (47, 48). The APC model analysis revealed that the LRI incidence and mortality rates in China declined from 1990 to 2021. The effect of age on LRI morbidity and mortality is reflected in the fact that the trend of risk associated with children and old adults is much greater than that associated with other age groups. The incomplete development of the immune system in children and the decline in immune function in old adults promote susceptibility to LRIs, in addition to the associated decline in the organ system and the development of comorbidities in old adults (49–51). The achievements of the last 30 years in reducing the burden of disease in children with LRIs have provided us with valuable experience; children have higher vaccination rates against respiratory pathogens than do old adults do (52–54), but due to the decline in immune function, further evidence is needed to demonstrate whether vaccination has a protective effect equivalent to that of children (55). Moreover, vaccination is an important means of providing effective protection to the population, and more targeted vaccines need to be developed on the basis of the immunologic and epidemiologic characteristics of the older population (56–58). In addition, measures that are effective in pediatric populations, such as improving immune function by enhancing the nutritional status of the target population, could also be replicated in the old adult population (59). Overall, the burden of disease in childhood LRIs is currently concentrated in low-income countries, and with demographic changes in middle- and developed countries, more attention should be given to reducing the burden of disease in older populations (60). The increase in LRI burden, especially in the aftermath of the pandemic, signals a potential rise in respiratory infections due to the complex interplay of factors such as the resurgence of other respiratory pathogens, post-viral complications, and healthcare disruptions (61, 62). Policymakers should prioritize strengthening public health infrastructure to address these evolving challenges. This includes investing in robust surveillance systems to monitor trends in respiratory infections, improving access to healthcare services, and ensuring timely vaccination programs to reduce the burden of preventable diseases like pneumonia (63, 64).

The impact of the COVID-19 pandemic on global LRI morbidity and mortality has been significant. Owing to rigorous physical interventions such as universal mask use and comprehensive isolation policies, the spread of pathogens common to respiratory infections (e.g., influenza viruses and respiratory syncytial viruses) has been greatly limited (2, 65). Notably, despite the significant decline in LRI incidence and mortality globally after 2019, LRI mortality in China has increased slightly since the previous period and is mostly concentrated in the old adult population. As the first reported country of COVID-19, China's healthcare system was under tremendous pressure in the early stages of the outbreak, and the strain and skewing of healthcare resources may have been among the factors contributing to the increase in LRI mortality (66). The COVID-19 pandemic has had a profound impact on the epidemiology of lower respiratory tract infections (LRIs), reshaping trends in incidence, mortality, and healthcare access. Firstly, COVID-19 has led to changes in healthcare-seeking behaviors and healthcare accessibility. Many individuals delayed or avoided medical care during the pandemic due to lockdowns, healthcare facility restrictions, or fear of exposure, which likely reduced reported LRI cases and impacted timely diagnosis and treatment (67). Secondly, public health interventions, such as widespread mask-wearing, social distancing, and improved hygiene practices, significantly reduced the transmission of other respiratory pathogens, leading to a decrease in LRI incidence in some regions. For example, studies in urban centers in Asia and Europe documented a substantial drop in cases of influenza and other respiratory infections, which are often co-factors in LRI morbidity and mortality (68, 69). This temporary reduction, however, may not reflect longer-term trends, as these non-pharmaceutical interventions are lifted or adapted (70). Thirdly, COVID-19 has introduced new challenges in managing LRIs due to its potential long-term effects on lung health. Some COVID-19 survivors, especially those who experienced severe disease, may suffer from persistent respiratory issues such as lung fibrosis or reduced lung function, making them more susceptible to future LRIs (71, 72). This “long COVID” phenomenon represents a new cohort of individuals who could experience higher rates of LRIs, thus altering the epidemiological profile of LRIs post-pandemic (73). Together, these factors underscore the need for ongoing surveillance of LRI trends in the post-pandemic era. Further research is essential to understand how the pandemic's direct and indirect effects will continue to shape LRI epidemiology and to identify new strategies for managing this evolving burden.

Based on the above research findings, there is an urgent need for ongoing, robust monitoring of LRI trends, especially considering emerging respiratory pathogens and the long-term effects of COVID-19. Public health systems should strengthen data collection on LRI incidence, mortality, and risk factors, with a focus on vulnerable populations such as children, the old adults, and those with pre-existing health conditions. In particular, expanding surveillance at the regional level will provide more detailed data to inform localized interventions and ensure that high-risk populations receive timely care. Given the observed long-term respiratory effects in COVID-19 survivors, continued research into the “long COVID” phenomenon and its impact on LRI susceptibility is crucial. Policies should be developed to address post-viral care for severe COVID-19 recoverers, particularly with regard to lung health and the increased risk of secondary infections. This will help mitigate the potential increase in LRI burden in the future (8, 74–79).

This study has several limitations. First, the sudden outbreak of COVID-19 had a profound impact on LRI epidemiological data after 2019. Factors such as whether traditional respiratory pathogens will rebound as non-pharmacological interventions are phased out (8, 74–76), whether altered immune function and vaccination following SARS-CoV-2 infection will affect disease resistance in susceptible populations (77, 78), and whether global attention to these diseases will increase at both individual and national levels following the pandemic all influence future trends in LRIs (80, 81). These uncertainties underscore the need for larger-scale and longer-term studies to capture the full impact of COVID-19 on LRI trends. Second, while the Global Burden of Disease (GBD) database provides valuable data on the overall burden of disease, it has inherent limitations. The GBD data are derived from multiple sources, such as epidemiologic studies, hospital reports, and national health surveys, which may vary in quality and coverage (1). As a result, data accuracy may differ across regions, especially in areas with limited resources or inadequate data collection systems, which can affect the reliability of the results. Additionally, GBD data are often supplemented and adjusted through modeling techniques, which can introduce bias depending on the assumptions used and the accuracy of input data. The timeliness of the data is another consideration, as data from earlier years may not fully capture current disease prevalence. Furthermore, the GBD database offers national-level data, but regional data for China were not available, limiting our ability to analyze differences between areas such as Wuhan, Hubei Province, and other regions. Finally, due to the seasonal variations in LRI incidence, monthly data might provide a more accurate reflection of these fluctuations. Given these data limitations, caution is needed when interpreting the results, and we recommend that future studies incorporate localized primary data or high-quality prospective data to complement the GBD data, offering a more comprehensive understanding of the burden of lower respiratory tract infections and a more accurate basis for public health interventions.



Conclusion

In conclusion, we identified trends in LRIs in China and globally from 1990 to 2021 and assessed the impact of the COVID-19 pandemic on disease incidence. Compared with the world average, China has achieved better results in reducing the burden of disease in LRIs, but the gap between the two will gradually narrow or even reverse in the next 15 years, which requires our attention. Young children and the old adults remain the main burdens of disease, but the old adults are more affected by disease than are children. Strategies to further reduce the burden of LRIs should focus on enhancing vaccination coverage, improving air quality, and strengthening health education to address behavioral risk factors such as smoking. Furthermore, the COVID-19 pandemic has highlighted the importance of robust healthcare systems and preparedness for respiratory disease outbreaks, which should remain a priority in future public health policies.
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China Prevalence 1,141,642 (1,068,391, 578,411 (541,577, 620,165) | 563,231 (526,566, 605,248) 12223 (115.1, 129.72) 12496 (117.73, 132.62) 121.02 (113.75, 129)
1,221,122)
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(Disability-Adjusted Life 37,498,333) 20,702,436) 16,856,157)
Years)
YLDs (Years Lived with 69,365 (46,567, 97,270) 35,241 (23,527, 49,469) 34,125 (22,781, 47,749) 7.29 (4.91, 10.09) 7.46 (4.97,10.3) 7.22 (4.85, 10.06)
Disability)
YLLs (Years of Life Lost) 32,506,945 (28,076,659, 17,938,436 (15,294,863, 14,568,508 (12,575,991, 3,121.09 (2717.19,3,569.78) | 3,333.07 (2,875.38, 3,802.42) | 2,938.99 (2,534.59, 3,385.7)
37,421,390) 20,669,931) 16,832,087)
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China Prevalence 1,002,599 (941,423, 522,210 (488,927, 558,476) 480,390 (449,471, 516,103) 64.32 (60.24,69.07) 70.11 (65.67,75.23) 60.17 (56.1,65.02)
1,072,748)
Incidence 44,704,579 (41,780,823, 23,297,710 (21,689,677, 21,406,869 2,853.81 (2,663.94, 3,067.55) 3,118.18 (2,914.12, 3,353.68) 2,664.57 (2,485.61, 2,870.23)
47,783,965) 24,928,266) (19,956,562,23,040,767)
Deaths 206,930 (171,261, 251,990) 119,076 (97,962, 143,881) 87,854 (64,860, 123,117) 14.03 (11.68,17) 20.45 (17.14,24.06) 10.31 (7.9,14.07)
DALYs 4,106,779 2,481,759 (2,056,424, 1,625,020 (1,289,961, 347.67 (301.28,402.94) 445.7 (379.02,515.46) 271(223.85,331.31)
(Disability-Adjusted Life (3,504,141,4,808,453) 2,955,606) 2,153,679)
Years)
YLDs (Years Lived with 58,602 (40,007,79,758) 30,785 (20,844, 42,328) 27,817 (18,976, 37,888) 379 (2.6,5.22) 413 (2.82,5.7) 3.54 (2.42,4.91)
Disability)
YLLs (Years of Life Lost) 4,048,177 2,450,974 (2,027,324, 1,597,203 (1,259,685, 343.88 (296.64,399.78) 441.57 (375.37,511.43) 267.46 (220.41,328.13)
(3,447,802,4,748,477) 2,921,449) 2,128,322)
Global Prevalence 7,569,580 4,043,704 (3,839,119, 3,525,875 (3,357,670, 94.42 (89.78,99.84) 104.9 (99.6,111.09) 85.02 (81.05,90.13)
(7,198,813,8,005,307) 4,291,560) 3,727,671)
Incidence 343,606,787 (325,214,314, 183,254,768 (173853205, 160,352,019 (151,438,078, 4,283.61 (4,057.03, 4,524.89) 4,754.15 (4,510.74, 5,032.1) 3,861.73 (3,647.21, 4,080.66)
363,517,285) 194137698) 169,599,997)
Deaths 2,183,001 (1,979,915, 1,172,230 (1,078,493, 1,010,771 (878,596, 28.67 (25.92,31.07) 34.25(31.42,37.05) 24.5(21.24,27.1)
2,360,084) 1,269,920) 1,128,327)
DALYs 82,534,841 (72,611,990, 45,402,004 (39,793,008, 37,132,837 (31,972,682, 1,168.8 (1,016.96, 1,336.95) 1,296.46 (1,128.84, 1,490.73) 1,054.29 (898.51, 1,194.39)
(Disability-Adjusted Life 93,402,507) 51,982,463) 41,568,754)
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41,375,899)
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1,290.22 (1,121.14, 1,483.36)

1,049.26 (893.64, 1,188.58)
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Overll_difference Aging Population = Epidemiological  Aging Population Epidemiological Val_1990 Val_2021

effect effect change percent percent change percent

China | Prevalence | Both —139,042.76 317,086.989 207,446.89 —663,576.639 —228.05 —1492 477.25 1,141,642.2 1,002,599.5
Male —56,201.8 164,900.447 101,613.23 —322,71548 —293.41 —180.8 574.21 5784115 522,209.7

Female —82,840.96 152,483.2 105,891.651 —341,215.807 —184.07 —127.83 411.89 563,230.7 480,389.8

Incidence | Both 57,401,829.65 52,989,010.71 20,416,539.98 —16,003,721.04 9231 35.57 —27.88 50,936,862 44,704,579
Male 38,795,413.38 32,23,849.69 11,658,477.97 —5,086,914.273 83.06 30.05 —13.11 25,866,749 23,297,710

Female 25,998,144.93 25,147,956.14 9,959,962.664 ~9,109,773.874 96.73 3831 ~35.04 25,070,113 21,406,869

Death Both —227,732.58 310,926.297 104,811.73 —643,470.611 —136.53 —46.02 282.56 474,883.4 206,930.22
Male —56,132.79 174,457.777 53,893.734 —284,484.301 —31079 —96.01 506.81 257,237.8 119,076.39

Female —125,143.04 155,972,313 54,304.181 ~335,419.53 —124.64 —43.39 268.03 217,645.6 87,853.84

DALY Both —28,469,530.71 —3,983,772.922 3,445,857.537 —27,931,61533 13.99 —121 98.11 32,576,310 4,106,779
Male —15,491,917.44 ~2,070,107.573 1,837,874.211 —15,259,684.08 13.36 —11.86 98.5 17,973,677 2,481,759

Female —12,977,613.28 —1,866,675.684 1,596,579.971 —12,707,517.56 1438 123 97.92 14,602,633 1,625,020

Global | Prevalence | Both 616,9162 720,653.712 2,875,874.261 —2,979,611.778 11682 466.17 —482.98 6,952,663 7,569,580
Male 345,114.95 439,714.327 1,523,371.7 —1,617,971.076 127.41 441.41 —468.82 3,698,589 4,043,704

Female 271,801.24 301,493.017 1,352,237.133 —1,381,928.906 11092 197.51 —508.43 3,254,074 3,525,875

Incidence | Both —18,347,044.35 —44,296,247.48 204,299,575.8 —178,350,372.7 241.44 —1,113.53 972.09 313,864,642 | 343,606,787
Male —18,325,548.15 —22,448,608.9 114,650,272.2 —110,527,211.5 1225 —625.63 603.13 166,991,424 183,254,768

Female —3,627,296.44 ~20,533,028.65 92,007,353.28 ~75,101,621.07 566.07 ~2,536.53 2,070.46 146,873,218 160,352,019

Death Both —669,448.84 387,594.917 1,261,428.658 —2,318472.417 —57.9 —188.43 34633 3,013,349 2,183,001
Male —264,662.21 267,818.09 653,681.84 —1,186,162.142 —101.19 —24699 448.18 1,573,352 1,172,230

Female —370,206.24 158,195.888 623,593.156 —1,151,995.282 —-1273 —168.44 31118 1,439,997 1,010,771

DALY Both —121,639,2163 —27,471,135.78 59,542,337.59 —153,710,418.1 2258 —48.95 12637 204,174,057 82,534,841
Male —61,418,683.29 —13,286,999.83 31,270,972.92 —79,402,656.37 21.63 5091 129.28 106,820,687 45,402,004

Female —60,220,532.96 —13,955,843.19 28,254,075.36 —74,518,765.13 2317 —46.92 123.74 97,353,370 37,132,837
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Sex_name  Joinpoint AAPC Start Obs End O AAPC C.I. AAPC C.I.  Statistically Test P-value

model index low high significant statistic
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= Yes)

China | Incidence | Both 5 Full Range 1990 2021 —2.1223 —2.2048 —2.0396 1 —49.8291 <0.001
Female 2 Full Range 1990 2021 23528 ~2.5199 —2.1854 1 —27.2469 <0.001

Male 5 Full Range 1990 2021 —1.8928 —1.9781 —1.8075 1 —43.0788 <0.001

Death Both 4 Full Range 1990 2021 —4.7704 —5.1439 —43954 1 —243769 <0.001

Female 4 Full Range 1990 2021 —53752 —5.7464 —5.0025 1 —27.5483 <0.001

Male 4 Full Range 1990 2021 —4.1018 —4.4709 37314 1 —21.2896 <0.001

Global | Incidence | Both 2 Full Range 1990 2021 —1.2837 —1.3785 —1.1888 1 —26.3628 <0.001
Female 2 Full Range 1990 2021 13242 —1.4239 —12244 1 —25.8469 <0.001

Male 2 Full Range 1990 2021 —1.2886 —1.3922 —1.1849 1 —242127 <0.001

Death Both 3 Full Range 1990 2021 —24723 —2.6197 23247 1 —324414 <0.001

Female 3 Full Range 1990 2021 —2.7047 —2.8521 —25571 1 —3545 <0.001

Male 4 Full Range 1990 2021 —22922 —2.4858 —2.0983 1 22921 <0.001
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