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Purpose: HIV/AIDS is a critical public health concern worldwide. This article investigated the spatial and temporal trends in HIV/AIDS burden from 1990 to 2019.

Methods: Data were extracted from the Global Burden of Disease (GBD) Study 2019. The estimated annual percentage change (EAPC) and the age-standardized rate (ASR) were used to quantify the change in trends at the global, regional, and national levels.

Results: In terms of temporal trends, during the period 1990–2004, increasing trends in prevalence (EAPC = 7.47, 95% confidence interval [CI] 5.84, 9.12), death (EAPC = 10.85, 95% CI 8.90–12.84), and disability-adjusted life years (DALYs) (EAPC = 10.40, 95% CI 8.47–12.36) of HIV/AIDS were observed. During the period 2005–2019, the global trends in HIV/AIDS incidence, death, and DALYs of HIV/AIDS decreased, with the EAPCs of −2.68 (95% CI−2.82–−2.53), −6.73 (95% CI −6.98–−6.47), and −6.75 (95% CI −6.95–−6.54), respectively. However, the disease prevalence showed a slight increasing trend (EAPC = 0.71, 95% CI 0.54–0.87). In terms of spatial trends, over the past 15 years, trends in HIV/AIDS incidence of HIV/AIDS appeared upward in High-middle and High sociodemographic index (SDI) areas (EAPC = 6.51, 95% CI 5.50–7.53; EAPC = 2.31, 95% CI 2.02–2.60, respectively).

Conclusion: Decreasing trends in HIV/AIDS incidence, death, and DALYs have been observed worldwide over the past 15 years, especially in death and DALYs rates. However, the global population living with HIV/AIDS is still increasing. It is worth noting that an unfavorable trend emerged in High-middle and High SDI areas. Prevention and control of HIV/AIDS still need to be strengthened to counteract these concerning trends.
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INTRODUCTION

HIV/AIDS is one of the most important infectious diseases worldwide. Great achievements have been made in the control and the prevention of spread of HIV/AIDS, and these achievements are mainly due to the widespread use of antiretroviral agents in the treatment and prevention of HIV/AIDS (1, 2). For example, highly active combination antiretroviral therapy (ART) regimens have dramatically improved clinical outcomes and changed the spectrum of HIV-associated morbidity and mortality (3). Furthermore, the United Nations launched the Millennium Development Goals (MDGs) initiative and invested more than US$500 billion in the prevention and control of HIV/AIDS worldwide during the period 2000–2015 (4). Other prevention interventions, including early preventive interventions, official funding, enhancement in HIV/AIDS testing, and education, have also been advocated for to reduce the risk of HIV/AIDS transmission (5–9). The Joint United Nations Programme on HIV/AIDS (UNAIDS) launched the target of ending the AIDS epidemic by 2030, which proposed a 90% reduction in annual new HIV/AIDS infections and deaths in 2030 compared with 2010 (10). Notwithstanding, HIV/AIDS remains an important health problem globally (11). This was demonstrated by a 13% increase in new HIV/AIDS infections in Eastern Europe and Central Asia between 2006 and 2012 (9). Undoubtedly, sub-Saharan Africa still bears the greatest burden of HIV/AIDS. Botswana has one of the highest HIV prevalence rates in the world, with an adult HIV/AIDS prevalence rate of approximately 24% in 2005 (12). In 2013, although sub-Saharan Africa was home to only 12% of the global population, it accounted for 71% of the global burden of HIV infection (9). In 2017, there were 1.94 million new cases of HIV/AIDS globally and 36.8 million people living with HIV/AIDS, 40.5% of whom were not receiving ART (13).

The temporal variation patterns in HIV/AIDS incidence can help us better understand the epidemic factors affecting the disease and suggest more targeted measures of preventing and controlling the epidemic. The global burden of disease (GBD) study assessed the HIV/AIDS burden in 204 countries and territories across the world and provided a unique opportunity to understand the landscape of HIV/AIDS. In a recent study, Romona et al. described the global landscape of HIV/AIDS mortality using the data derived from the GBD Study 2019 (14). However, the author compared the burden across different countries using only the total number of cases and rates per 100,000 population, and only proposed the trend of change without providing more detailed information. Meanwhile, the analysis was limited to the national level, which could not reflect the trend changes of multiple geographic dimensions. Moreover, another study (13) focused only on new HIV infections and HIV/AIDS deaths from 1980 to 2017, which could not provide the total value of the change in HIV/AIDS disease burden.

Simply calculating the average value of the age-standardized rate (ASR) cannot provide a true and objective measure of the disease trends during this period (15). The estimated annual percentage change (EAPC) is the most used index to estimate the average annual rate of change in mortality, morbidity, and prevalence (16). The essential advantages of EAPC are the following. First, the reliability and accuracy of EAPC is higher, as all observations are considered. The calculation is more detailed, and the information utilization rate of the original data is higher. Moreover, the EAPC can more accurately explain the changing tendencies of a phenomenon with better stability and more generalizable conclusions. The EAPC undergoes statistical validation to verify whether the results are due to a random error or an actual change in trend. In general, the EAPC can more objectively and scientifically reflect changing trends and has a wider range of applications (17).

In the present study, a secondary analysis of the ASR was conducted to obtain the EAPC and further assessed the HIV/AIDS disease burden, including incidence, prevalence, death, and disability-adjusted life years (DALYs), and used the latest data to examine trends in HIV/AIDS burden from 1990 to 2019 in terms of temporal and spatial trends. Our results can serve as an important extension and complement to the previous study (14), as well as contribute to the development of country-specific HIV/AIDS prevention strategies.



METHODS


Data Sources

The Global Health Data Exchange (GHDx) is a database created and supported by the Institute for Health Metrics and Evaluation (IHME), providing an interface for downloading GBD results data. Data on HIV/AIDS burden were derived from the GHDx (http://ghdx.healthdata.org/gbd-results-tool/). According to the instructions of the GBD 2019 online tool, the number and rate of incidence, prevalence, death, and DALYs were extracted between 1990 and 2010 based on age, sex, SDI areas, geographic regions, and country, without any inclusion/exclusion criteria. Our search terms included “HIV” or “AIDS,” and the subtypes “HIV-1”and “HIV-2.” Based on the socio-demographic index (SDI), the world was categorized into low, low-middle, middle, high-middle, and high regions. The available data reflected multiple geographic dimensions, including 21 geographic regions (e.g., East Asia, Oceania, and Caribbean) and 204 countries/territories (e.g., China, Brazil, and South Africa). Data on the Human Development Index (HDI) were downloaded from the United Nations Development Program (http://hdr.undp.org/en/data). This article does not contain any new studies involving human or animal subjects performed by any of the authors.



Statistical Analysis

The statistically valid EAPC is an indicator of the steady rate of temporal change, with a positive or negative sign indicating the direction of change and the absolute value reflecting the average annual rate of change. Furthermore, the EAPC can predict disease expansion in the future, which provides scientifically valid information to policy makers and healthcare workers (17, 18). The EAPC and ASR were used to quantify the changing trends in disease burden. When considering potential discrepancies in age structure of multiple populations over time, the ASR is a necessary and representative index. The ASR was calculated according to the following formula:
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where ai is the age-specific rate in the ith age group, w is the number of people in the corresponding ith age group among the selected reference standard population, and A is the number of age groups. The ASR trends do not only represent the change in disease patterns of a population, but also serve as clues to changes in risk factors. The EAPC is a widely accepted method for describing the magnitude of the trends in ASR (15, 18, 19). A regression line is fitted to the natural logarithm of the ASR. The EAPC and its 95% CI were calculated through a linear regression model using the following formula:
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where y = ln (ASR) and t = calendar year. Both the EAPC value and its 95% CI > 0 indicated an increasing trend, and both the EAPC value and its 95% CI <0 indicated a decreasing trend. Other values indicated that the trend was stable over time. To detect factors influencing EAPCs, the associations between EAPCs and ASRs (1990, 2005), and HDI (2004, 2019) were assessed at the national level. Data analysis was conducted using R program (version 3.6.2) and IBM SPSS Statistics 22.0. Choropleth maps were drawn using the R program.




RESULTS


Temporal Change Trends in HIV/AIDS

The incidence, mortality, prevalence, and DALYs of HIV/AIDS varied significantly in different regions of the world between 1990 and 2019. Generally, the overall incidence was relatively stable during 1990–2004. However, the mortality, prevalence, and DALYs of HIV/AIDS showed a significant increase between 1990 and 2004. Strong decreasing trends in incidence, death, and DALYs were observed worldwide during the period 2005 and 2019 (Figure 1).


[image: Figure 1]
FIGURE 1. Trends in HIV/AIDS disease burden, including incidence, prevalence, death, and DALYs worldwide across SDI areas and geographic regions. (A) Distribution of the EAPCs of HIV/AIDS from 1990 to 2004; (B) Distribution of the EAPCs of HIV/AIDS from 2005 to 2019. EAPC, estimated annual percentage change.


During the period 1990–2004, the global incident number of HIV/AIDS cases increased by 28.62% (Table 1 and Figure 1A). Compared with men, women presented higher incident numbers in 2004 (1,434.95 × 103) (Table 1). The highest incident number was observed in the age group of 25–29 years (487.92 × 103) and in children aged under 5 years (408.96 × 103) in 2004, with the largest increase in proportion occurring in children aged under 5 years (124.05%) (Supplementary Table 1, Supplementary Figure 1A). The prevalence of HIV/AIDS cases increased by 258.90%, and the ASR showed a significant upward trend globally, with an EAPC of 7.47 (95% CI 5.84–9.12) (Figure 1A and Supplementary Table 2). Compared with men, women had a greater prevalence of HIV/AIDS and a more pronounced increasing trend, in which the EAPC was 8.06 (95% CI 6.23–9.91) (Supplementary Table 2). The prevalence rate of HIV/AIDS cases increased across all age groups, particularly in the 10–14 years age group (15,030.00%) (Supplementary Table 1, Supplementary Figure 2A). In this period, the ASR of HIV/AIDS death showed a rising trend worldwide (EAPC = 10.85, 95% CI 8.90–12.84) (Figure 1A and Supplementary Table 3). Compared with men, more deaths were reported among women, which indicated a pronounced increase in trend, with an EAPC of 11.89 (95% CI 9.76–14.06) (Supplementary Table 3). During the period 1990–2004, the proportion of deaths due to HIV/AIDS increased for all age groups, particularly for the 10–14 years age group (3,480.81%) (Supplementary Table 1, Supplementary Figure 3A). Pronounced increasing trends were observed in DALYs, with an EAPC of 10.40 (95% CI 8.47–12.36). During this period, increasing trends in DALYs were observed in both men and women (Figure 1A and Supplementary Table 4). The DALYs of HIV/AIDS increased in all age groups, particularly in those aged 10–14 years (3,587.85%) (Supplementary Table 1, Supplementary Figure 4A).


Table 1. Percentage changes in the absolute number and the EAPCs of HIV/AIDS incidence from 1990 to 2019 globally, stratified by sexes, SDI areas, and geographic regions.
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The trends in HIV/AIDS disease burden changed from 2015 to 2019. The incident number of HIV/AIDS cases declined from 22.77% during the period 2005–2019 to 1,989.28 × 103 [95% uncertainty interval (UI): 1,760.91 × 103, 2,259.35 × 103] in 2019. The ASR of incidence decreased by an annual average of 2.68% (EAPC = −2.68, 95% CI −2.82–−2.53) (Table 1 and Figure 1B). A decreasing trend in the ASR of HIV/AIDS incidence was more obvious in women than in men, with an EAPC of −3.14 (95% CI −3.30–−2.98) (Table 1). Among different age groups, the highest increase in the number of HIV/AIDS cases was observed in the age group>60 years (19.83%), and the highest decrease was observed in the group aged under 5 years (−67.8%) (Supplementary Table 5, Supplementary Figure 1A). Globally, the prevalence of HIV/AIDS cases increased by 30.31% from 2005 to 2019, and it was 36,848.15 × 103 (95% UI: 35,149.00 × 103, 38,856.67 × 103) in 2019. The increased trend in HIV/AIDS prevalence was demonstrated with an EAPC of 0.71 (95% CI 0.54–0.87) (Figure 1B and Supplementary Table 2). The ASR of HIV/AIDS prevalence increased for both sexes, especially in women (EAPC = 0.76, 95% CI 0.58–0.94) (Supplementary Table 2), and the percentage prevalence of HIV/AIDS cases increased for most age groups, especially for individuals aged >80 years (263.55%), whereas the largest decrease was observed for children aged <5 years (−55.79%) (Supplementary Table 5, Supplementary Figure 2A). During this period, the number of deaths due to HIV/AIDS decreased by 52.89%, corresponding to 863.84 × 103 deaths (95% UI 786.07 × 103, 996.04 × 103) worldwide in 2019. Globally, the ASR of deaths showed an obvious downward trend from 2005 to 2019, with an EAPC of −6.73 (95% CI −6.98–−6.47) (Figure 1B and Supplementary Table 3). Decreasing HIV/AIDS trends were observed in both sexes (Supplementary Table 3). Across different age groups, the mortality rates due to HIV/AIDS decreased in all age groups, except for those aged >80 years (0.01%). The highest decrease in percentage change occurred in children aged <5 years (−76.53%) (Supplementary Table 5, Supplementary Figure 3A). Globally, the number of DALYs due to HIV/AIDS was 47,632.18 × 103 (95% UI: 42,630.99 × 103, 55,650.04 × 103) in 2019, with 54.03% decrease since 2005. The ASR of DALYs showed a decreasing trend worldwide from 2005 to 2019 (EAPC = −6.75, 95% CI −6.95–−6.54) (Figure 1B and Supplementary Table 4). Compared with men, women showed a higher decreasing trend, in which the EAPC was −7.44 (95% CI −7.65–−7.22) (Supplementary Table 4). The proportion of the number of DALYs due to HIV/AIDS decreased across all age groups, except for individuals aged > 80 years (19.37%) (Supplementary Table 5, Supplementary Figure 4A).



Spatial Change Trends in HIV/AIDS

During 1990–2004, the ASR of HIV/AIDS incidence declined rapidly in low SDI areas (EAPC = −5.43, 95% CI −5.97–−4.89), but an increasing incidence was observed in middle SDI areas (EAPC = 7.21, 95% CI 4.03–10.49). At the regional level, an increasing trend in HIV/AIDS was observed in 11 regions, particularly in Oceania and Eastern Europe, with EAPCs of 27.38 (95% CI 18.38–37.07) and 12.94 (95% CI 9.97–15.99), respectively (Table 1 and Supplementary Figures 1B,C). At the national level, increasing trends of HIV/AIDS were observed in 104 countries/territories, with the fastest rise in Nepal, Estonia, and the Lao People's Democratic Republic, in which the respective EAPCs were 48.02 (95% CI 37.33–59.55), 42.80 (95% CI 39.60–46.08), and 36.94 (95% CI 32.01–42.04). Conversely, decreasing trends were observed in 61 countries/territories and the most pronounced changes occurred in Burundi and Spain, with the respective EAPCs of −13.92 (95% CI −14.61–−13.21) and −13.51 (95% CI −16.10–−10.84) (Figure 2A and Supplementary Table 6, Supplementary Figures 5A, 6A). Increasing trends in prevalence occurred in most SDI areas and geographic regions, particularly in Oceania and South Asia, in which the respective EAPCs were 39.48 (95% CI 34.22–44.95) and 25.27 (95% CI 19.18–31.68) (Supplementary Table 2, Supplementary Figures 2B,C). Regarding the national levels, from 1990 to 2004, rising trends were observed in 179 countries/territories, with the largest increase in Nepal (EAPC = 64.97, 95% CI 52.41–78.57), followed by Papua New Guinea and the Lao People's Democratic Republic. However, these trends decreased in only 13 countries/territories, and particularly in Burkina Faso (EAPC = −6.21, 95% CI −6.93–−5.50) (Figure 2B and Supplementary Table 7, Supplementary Figures 5B, 6B). Increasing trends in ASR of deaths occurred in most SDI areas and regions, except for high SDI areas (EAPC = −9.09, 95% CI −11.88–−6.20). The most pronounced increases were observed in Oceania and South Asia, in which the respective EAPCs were 44.76 (95% CI 40.81–48.82) and 40.82 (95% CI 34.31–47.64) (Supplementary Table 3, Supplementary Figures 3B,C). At the national level, decreasing trends were documented in 28 countries/territories from 1990 to 2004, and the largest declines were observed in New Zealand (EAPC = −12.99, 95% CI −14.98–−10.96), followed by France and Australia. Conversely, increasing trends were observed in 157 countries, particularly in Nepal (EAPC = 95.37, 95% CI 76.31–116.49), followed by the Lao People's Democratic Republic and Papua New Guinea (Figure 2C and Supplementary Table 8, Supplementary Figures 5C, 6C). Increasing trends of DALYs were observed in most SDI areas and regions, particularly in Oceania and South Asia, in which the EAPCs were 43.06 (95% CI 39.14–47.09) and 37.95 (95% CI 32.07–44.10), respectively. However, decreasing trends were observed in high SDI areas and in other regions, with the largest ones observed in Australasia (EAPC = −12.30, 95% CI −14.98–−9.53), followed by high-income North America and Western Europe (Supplementary Tables 4, 9, Supplementary Figures 4B,C).
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FIGURE 2. The distribution of the EAPCs of HIV/AIDS burden at the national level during the period 1990–2004, including the incidence (A), prevalence (B), deaths (C), and DALYs (D). Countries/territories with extreme values are annotated. ASR, age-standardized rate; EAPC, estimated annual percentage change; DALYs, disability-adjusted life years.


During the period 2005–2019, decreasing trends in ASR of HIV/AIDS incidence were observed in low, low-middle, and middle SDI areas, particularly in low areas (EAPC = −5.29, 95% CI −5.61–−4.98). On the contrary, increasing trends were seen in high-middle and high SDI areas. At the regional level, the trends declined in eight geographic regions, and the largest declines were observed in Eastern Sub-Saharan Africa and East Asia, with EAPCs of −5.66 (95% CI −5.97–−5.35) and −5.35 (95% CI −6.31–−4.37). However, increasing trends occurred in 13 geographic regions, particularly in Eastern Europe (EAPC = 12.31, 95% CI 10.38–14.28) (Table 1 and Supplementary Figures 1B,C). Among the 204 countries/territories, the ASR presented downward trends in 72 countries, the largest being in Burundi (EAPC = −12.93, 95% CI −13.23–−12.63), followed by Cambodia and the Democratic Republic of the Congo. Conversely, the ASR in incidence showed increasing trends in 100 countries, particularly in Kazakhstan (EAPC = 13.00, 95% CI 11.52–14.50), followed by the Russian Federation and Ukraine (Figure 3A, and Supplementary Table 6, Supplementary Figures 7A, 8A). Trends in prevalence declined in low and low-middle SDI areas, but increased in other areas, particularly the high-middle SDI regions (EAPC = 4.42, 95% CI 3.78–5.06). An upward trend in prevalence occurred in most regions, especially in Eastern Europe and Central Asia, in which the EAPCs were 11.81 (95% CI 11.00–12.62) and 5.96 (95% CI 5.13–6.81), respectively (Supplementary Table 2 and Supplementary Figures 2B,C). Among the 204 countries/territories, decreasing trends in prevalence were observed in 44 countries from 2005 to 2019, particularly in Sao Tome and Principe (EAPC = −6.98, 95% CI −8.23–−5.71), followed by Burundi and Somalia. While rising trends occurred in 157 countries, the largest ones occurred in Georgia, Armenia, and the Russian Federation, with EAPCs of 17.14 (95% CI 14.11–20.25), 15.49 (95% CI 14.33–16.67), and 14.88 (95% CI 14.29–15.47), respectively (Figure 3B and Supplementary Table 7, Supplementary Figures 7B, 8B). The ASR of death showed a downward trend across all SDI areas and most regions, and the largest decreasing trends were observed in South Asia (EAPC = −11.20, 95% CI −12.03–−10.36), followed by Eastern Sub-Saharan Africa and Southern Sub-Saharan Africa. Conversely, increasing trends were observed in East Asia, Eastern Europe, and North Africa and the Middle East (Supplementary Table 3, Supplementary Figures 3B,C). At the national level, decreasing trends were observed in 128 countries/territories, particularly in Burundi, Malawi, and Zimbabwe, with respective EAPCs of −15.28 (95% CI −16.08–−14.47), −13.51 (95% CI −14.15–−12.87), and −13.34 (95% CI −14.31–−12.35). Conversely, increasing trends occurred in 45 countries/territories, and the most pronounced were in Georgia and the United Arab Emirates, in which the respective EAPCs were 28.87 (95% CI 18.33–40.35) and 16.60 (95% CI 14.66–18.57) (Figure 3C and Supplementary Table 8, Supplementary Figures 7C, 8C). Downward trends in DALYs were observed across all SDI areas and in most regions, and the largest decreasing trends were observed in South Asia and Eastern Sub-Saharan Africa, in which the EAPCs were −10.99 (95% CI −11.75–−10.22) and −9.45 (95% CI −9.69–−9.20), respectively (Supplementary Table 4, Supplementary Figures 4B,C). At the national level, decreasing trends were observed in 128 countries/territories, particularly in Burundi (EAPC = −15.07, 95% CI −15.79–−14.33). Conversely, increasing trends occurred in 46 countries/territories, and the largest ones were observed in Georgia (EAPC = 24.30, 95% CI 15.87–33.34), followed by Pakistan and Micronesia (Figure 3D and Supplementary Table 9, Supplementary Figures 7D, 8D).


[image: Figure 3]
FIGURE 3. The distribution of the EAPCs of HIV/AIDS burden at the national level during the period 2005–2019, including incidence (A), prevalence (B), death (C), and DALYs (D). Countries/territories with extreme values are annotated. ASR, age-standardized rate; EAPC, estimated annual percentage change; DALYs, disability-adjusted life years.




Factors Influencing the EAPC

During the period 1990–2004, the ASRs of HIV/AIDS incidence and prevalence of HIV/AIDS increased most rapidly among countries with the lowest baseline rates (ρ = −0.28, p < 0.001; ρ = −0.17, p = 0.018, respectively). Meanwhile, countries with lower HDI experienced a more rapid increase in ASR of HIV/AIDS prevalence, mortality, and DALYs (ρ = −0.25, p < 0.001; ρ = −0.49, p < 0.001; ρ = −0.51, p < 0.001, respectively).

During 2005–2019, we observed higher EAPCs in incidence, prevalence, deaths, and DALYs among the countries with lower ASRs (ρ = – 0.38, p < 0.001; ρ = −0.25, p <0.001; ρ = −0.37, p < 0.001; and ρ = −0.40, p < 0.001, respectively) (Figures 4A–D). However, a more rapid increase in the ASR of prevalence, deaths, and DALYs of HIV/AIDS increased faster in countries with higher HDI (ρ = 0.50, p < 0.001; ρ = 0.43, p < 0.001; ρ = 0.28, p < 0.001; and ρ = 0.34, p < 0.001, respectively) (Figures 5A–D).


[image: Figure 4]
FIGURE 4. The association between EAPCs and ASR in 2005 at the national level during the period 2005–2019. The EAPCs of HIV/AIDS including the incidence (A), prevalence (B), death (C), and DALYs (D) had a negative association with the corresponding ASR in 2005. The associations were calculated using Pearson correlation analysis. The circles represent countries that had available HDI data, and the size of circles changes according to the number of HIV/AIDS cases in the corresponding countries in 2005. ASR, age-standardized rate; EAPC, estimated annual percentage change; DALYs, disability-adjusted life years.
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FIGURE 5. The association between EAPCs and HDI in 2019 at the national level during the period 2005–2019. The EAPCs of HIV/AIDS including the incidence (A), prevalence (B), death (C), and DALYs (D) showed a positive association with the corresponding HDI in 2019. The associations were calculated using Pearson correlation analysis. The circles represent countries with available HDI data, and the size of the circles change according to the number of HIV/AIDS cases in the corresponding countries in 2019. EAPC, estimated annual percentage change; HDI, human development index.





DISCUSSION

In the present study, the EAPC was first used as an index to describe the long-term temporal and spatial trends of HIV/AIDS from 1990 to 2019. The changes in the trends of HIV/AIDS disease burden were not only clarified, but the average annual rates of change in different indexes were also obtained. The key finding from this study is in the 15-year period, the incidence, mortality, and DALYs showed decreasing trends, except for the prevalence. This indicates that measures to control HIV/AIDS should focus on prevention to decrease the incidence and thus the disease burden of HIV/AIDS. The spatial trends indicated that, although the burden of HIV/AIDS continues to be concentrated in sub-Saharan Africa, it is encouraging to note that the trends have declined significantly over the past 15 years, while the incidence has shown a clear upward trend in high-income countries.

The temporal trends in the ASR of HIV/AIDS burden were found to present a parabolic curve during the period 1990–2019, and peaked around 2004, and with the lowest values in 1990 and 2019, respectively. Therefore, the year 2004 was selected as the time cutoff point to describe trends in two periods, specifically 1990–2004, and 2005–2019. Trends in ASR of HIV/AIDS burden, including prevalence, deaths, and DALYs, significantly increased during the period 1990–2004, but declined during 2005–2019, which objectively reflected the temporal trends of HIV/AIDS.

In 2004, the numbers of deaths and the incidence of HIV/AIDS were 1.84 million and 2.65 million, respectively. From 1990 to 2004, the numbers of deaths showed a stable upward trend, with an average annual rate of 10.85%. The incidence decreased at an average rate of 0.26% per year, but this trend was not stable. However, the combined effects of these trends resulted in a steady increase in the total number of people living with HIV, and its prevalence steadily increased at an average rate of approximately 7.47% per year. In the early 1990's, the HIV/AIDS epidemic was closely associated with poverty, poor healthcare infrastructure, lack of control policies, and the high prevalence of injection drug use, and sexual transmission (20–23). Decreasing trends in HIV/AIDS cases have been observed worldwide over the past 15 years (2005–2019). During this period, the incidence and the number of deaths decreased, resulting in stable downward trends, with an average annual rate of 2.68 and 6.73%, respectively, which might be due to the more effective prevention and control strategies as well as treatment interventions established in recent years, such as poverty reduction, improvement in health infrastructure, and intensive international cooperation (24). In 2000, HIV/AIDS was identified as one of the top health priorities and attracted considerable international funding by organizations (25). Furthermore, the WHO launched the Millennium Development Goals, which aimed to promote the availability of antiretroviral treatment in developing countries (26). International assistance in terms of financial and physical resources has continuously been given to support poor countries, with the main purpose of improving health and eliminating poverty (4). For example, by 2014, approximately 40% of all eligible HIV-infected individuals had received ART globally (27). In 2015, US$19 billion was invested in HIV/AIDS prevention in countries with low-income levels. The Chinese government had launched the program of free antiviral treatment since 2003 (28). With the introduction of the highly active treatment combination of ART, the mortality of HIV-infected patients dramatically declined.

In terms of spatial trends, during 1990–2004, increasing trends were mostly observed in the low, low-middle, and middle SDI areas, where there was a higher incidence of poverty, drug use, lower-level education, and weaker health systems (29). Among different geographic regions, Oceania, East Asia, and South Asia showed the largest increase in the number of deaths due to HIV/AIDS, which was probably due to the low availability of ART coverage (only 25.9%), far lower than that available globally (40.6%) and in low SDI countries (37.9%) (30). Pronounced increasing trends in HIV/AIDS cases were commonly observed in low-resource settings, where there were many obstacles to the control of HIV/AIDS transmission, including shortage of capital investment and poor healthcare infrastructure and education (31, 32), particularly in Nepal and the Lao People's Democratic Republic. In Nepal, high-risk sexual behaviors were common, including chance of sexual encounters, infrequent use of condoms, and substantially low knowledge of HIV disease (33). Meanwhile, a high HIV prevalence was reported among injection drug users (IDUs) (over 20%) (34). Among the seven Asia-Pacific countries, the Lao People's Democratic Republic had the lowest rate of inconsistent condom use among people living with HIV, which resulted in a higher risk of disease transmission (35). Furthermore, the situation was exacerbated by tuberculosis co-infection and drug resistance (36). However, decreasing trends in the number of HIV/AIDS cases were generally observed in developed regions and countries, such as New Zealand and Australia, where an early response to HIV/AIDS prevention among high-risk groups, led to a high-level of awareness, and was accompanied by robust healthcare systems (37–39).

During the second period (2005–2019), the areas with the fastest declines in incidence, prevalence, deaths, and DALYs were all in lower SDI level areas, which partly reflected the great progress achieved in the prevention and treatment of HIV/AIDS by government efforts and multilateral organizations toward low and low-middle SDI areas (9, 12, 40, 41). The most pronounced decreasing trends were found in sub-Saharan African countries, including Burundi, Malawi, and Zimbabwe, probably due to the improved health system, secondary education, and the practice of medical circumcision in adolescents and children (42–44). Meanwhile, an increase in medical investments promoted an improvement in the prevention and control of HIV in sub-Sahara African countries (45). In Burundi and Malawi, the “treat all” policies effectively facilitated the initiation of rapid ART from 2004 to 2018 (46). Furthermore, reducing HIV mother-to-child transmission successfully reduced the number of new pediatric HIV infections (47). However, increasing trends in HIV/AIDS cases occurred in Eastern Europe and Central Asia, which were due to the underdeveloped economy, faulty healthcare system, and high-risk behaviors (48, 49). In the former Soviet countries, tuberculosis, drug use, and HIV infection were major public problems (50–52), which probably generated the pronounced increasing trends observed in Georgia, Armenia, and Kazakhstan. For example, a high prevalence of HIV was reported among IDU (>30%) in Kazakhstan (53). Furthermore, 35.8% of people living with HIV did not report good health-related quality of life, and the adverse factors included depression, coinfection with tuberculosis, and sexually transmitted diseases (54).

The ASR of HIV/AIDS in 2005 reflects the disease reservoir at baseline. We found that the HIV/AIDS was more likely to increase in countries with a low ASR in 2005. This result might be explained by the following: (1) the changes in ASR are more pronounced in countries with low ASR baselines; (2) countries with low ASR are less likely than other public health problems to consider HIV/AIDS infection a priority in disease prevention plans; and (3) in countries with high ASR, there is more support from WHO for AIDS prevention and treatment.

Despite the considerable progress achieved in the prevention and control of HIV/AIDS, there is still neither a cure nor an effective and safe vaccine available for it (55), and the emergence of anti-HIV drug resistance has brought substantial challenges (56, 57). In addition, the above problems indicate that greater preventive measures should be taken to expand coverage in order to reduce the incidence of HIV/AIDS, thereby accelerating the rate of decline of the incidence and prevalence.

Several limitations should be considered in this study: (1) estimates of disease burden in the GBD studies were based on the quality and quantity of data, as well as on the potential for misdiagnosis and/or miscoding of diseases in different countries, including unreported cases, poor test technology, and incomplete reporting, which might have affected the accuracy and robustness of the results; (2) the advancement in diagnostic techniques of HIV/AIDS also varied between countries and over time, which may have generated potential biases; (3) due to the limitations of the ASR formula, although age was an important factor, only percentage changes in the number of events across age groups were used in this study to estimate trends; and (4) the EAPC may not apply to the entire time period of interest if the trend is not constant, because the ratio is linear on a log scale, meaning that the rate of change is constant. Thus, we selected the year 2004, which was the transition point of the trend in HIV/AIDS disease burden, as the time cutoff point to describe trends in the two periods.



CONCLUSION

We first used EAPC of different indexes to analyze the disease burden of HIV/AIDS in terms of temporal and spatial trends, to more accurately reflect the changes. Meanwhile, we got the average annual rates of change of different measuring indexes in HIV/AIDS disease burden. Trends in HIV/AIDS burden dramatically increased during the period 1990–2004, but decreased from 2005 to 2019, particularly in sub-Saharan Africa, where while the burden of the global HIV epidemic continues to be concentrated, it is encouraging to note that morbidity, mortality and DALYs have declined significantly over the past 15 years. However, the prevalence of HIV/AIDS remained upward over the past decade worldwide. A concerning upward trend of incidence in High-middle and High SDI areas appeared. The results indicated that considerable progress had made in addressing the HIV-related burden worldwide, particularly in the high-risk settings. More than other interventions, prevention, and control strategies to incidence are needed to reduce the burden of HIV/AIDS, thereby achieving the goal set for 2030 by UNAIDS.
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19.78
(8.85-30.13)
17.09
(12.67-25.92)
15.08
(12.61-18.74)
36.14
(24.76-51.8)
27.34
(21.47-33.42)
24.75
(13.09-39.63)
132.72
(100.76-175.17)
528.20
(420.92-658.5)
65.30
(63.31-81.71)
374
(1.53-9.63)
70.12
(46.73-100.97)

2005-2019
Change in EAPC
number (%) (95% CI)
—22.77 —2.68
(~2.82--253)
~16.16 —2.47
(-2.82--2.02)
—28.37 -3.14
(-3.30--2.98)
~35.66 —5.29
(-5.61--4.98)
—34.45 —-4.31
(~4.38--4.24)
—21.60 —2.46
(~2.60--2.32)
116.70 651
(6.50-7.53)
41.57 231
(2.02-2.60)
—48.56 -5.35
(-631—-4.37)
—29.94 -2.99
(-3.54--2.43)
2935 051
(0.03-0.99)
166.10 767
(6.40-8.95)
18.38 1.50
(0.92-2.09)
21.72 -0.63
(-0.89--037)
66.09 238
(1.99-2.77)
278.91 12.31
(10.38-14.28)
31.18 2.44
(2.08-2.81)
—9.91 0.49
(0.02-097)
56.23 300
(2.68-3.42)
5255 089
(0.04-1.76)
52.61 207
(181-2.33)
—20.07 -8.38
(-8.78--2.98)
39.43 1.60
(1.04-2.15)
67.06 245
(2.09-2.82)
—87.96 -5.66
(-5.97--5.35)
—41.66 —a77
(~5.13-—4.41)
—29.48 -494
(~4.98--4.89)
82.12 265
(2.35-2.95)
—11.51 —3.41
(-850—-3.32)

ASR, age-standardized rate; Cl, confidence interval; EAPC, estimated annual percentage change; HIV/AIDS, Human immunodeficiency virus infection/acquired immune deficiency syndrome; SDI, socio-demographic index; Ul,

uncertainty interval,
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