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Background: To explore the geographical pattern and temporal trend of autism spectrum disorders (ASD) epidemiology from 1990 to 2019, and perform a bibliometric analysis of risk factors for ASD.



Methods: In this study, ASD epidemiology was estimated with prevalence, incidence, and disability-adjusted life-years (DALYs) of 204 countries and territories by sex, location, and sociodemographic index (SDI). Age-standardized rate (ASR) and estimated annual percentage change (EAPC) were used to quantify ASD temporal trends. Besides, the study performed a bibliometric analysis of ASD risk factors since 1990. Publications published were downloaded from the Web of Science Core Collection database, and were analyzed using CiteSpace.



Results: Globally, there were estimated 28.3 million ASD prevalent cases (ASR, 369.4 per 100,000 populations), 603,790 incident cases (ASR, 9.3 per 100,000 populations) and 4.3 million DALYs (ASR, 56.3 per 100,000 populations) in 2019. Increases of autism spectrum disorders were noted in prevalent cases (39.3%), incidence (0.1%), and DALYs (38.7%) from 1990 to 2019. Age-standardized rates and EAPC showed stable trend worldwide over time. A total of 3,991 articles were retrieved from Web of Science, of which 3,590 were obtained for analysis after removing duplicate literatures. “Rehabilitation”, “Genetics & Heredity”, “Nanoscience & Nanotechnology”, “Biochemistry & Molecular biology”, “Psychology”, “Neurosciences”, and “Environmental Sciences” were the hotspots and frontier disciplines of ASD risk factors.



Conclusions: Disease burden and risk factors of autism spectrum disorders remain global public health challenge since 1990 according to the GBD epidemiological estimates and bibliometric analysis. The findings help policy makers formulate public health policies concerning prevention targeted for risk factors, early diagnosis and life-long healthcare service of ASD. Increasing knowledge concerning the public awareness of risk factors is also warranted to address global ASD problem.
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Introduction

Autism spectrum disorder (ASD) is a series of neurodevelopmental conditions characterized by deficits in social communication and interaction, and stereotyped, repetitive patterns of sensory–motor behaviors (1). ASD is associated with heterogeneous symptomatology regarding physical, mental, neurodevelopmental, and functional disorders, which can extend to adulthood and result in a substantial burden on individuals, families, and society (2, 3). Although prevalence of autism spectrum disorders in children have been reported in countries and regions such as the USA (4, 5), China (6), India (7), Europe (8), and Asia (9), there is a lack of epidemiological estimates on prevalence, incidence and ASD-related health loss over time with risk factors (10). In 2016, the Global Research on Developmental Disabilities Collaborators reported the developmental disabilities among children younger than 5 years but not specifically focused on the all-age autism spectrum disorders (11, 12). Previous reviews provided global and regional overview of ASD prevalence and commodities, but national-level of ASD burden was not provided (13–15). Moreover, the risk factors leading to ASD were not presented in previous global epidemiological studies for ASD (16).

The Global Burden of Disease (GBD) database covers epidemiological information on the global, regional and national burden of diseases, injuries, causes of death and risk factors, providing a comprehensive way to investigate the geographical distribution and changes in ASD patterns over time (17). Analyses of current epidemiologic situations and temporal trends may help policy makers assess the global ASD burden, allocate resources, and formulate relevant policies. This information can further guide diagnosis, prevention, intervention and rehabilitation efforts for collaboration in regions with various degree of socioeconomic development (18–20).

In addition, understanding the status and frontier of the risk factors will facilitate researchers to investigate corresponding prevention approaches. Although many risk factors for ASD have been proposed, the complex causes of autism have made it difficult to link the complicated issue with a definite risk (21), which is not included in the GBD database yet. Hence, this study aimed to present the epidemiological estimates of autism spectrum disorders in terms of prevalence, incidence, and disability-adjusted life-years (DALYs) from 1990 to 2019 with GBD database. Besides, a bibliometric analysis was conducted to comprehensively analyze the research hotspots of ASD risk factors.



Methods


Overview

GBD Collaborator Group is a scientific council producing cutting-edge database of the global burden of diseases, injuries, and risk factors (17). GBD 2019 estimated global epidemiology covering incidence, prevalence, mortality, years lived with disability (YLDs), years of life lost (YLLs), and disability-adjusted life-years (DALYs) in 204 countries and territories grouped into 21 regions. Data utilized in this study were retrieved and publicly available from the Global Health Data Exchange (GHDx) website. The study followed the Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER) recommendations (22).

Autism spectrum disorders (ASD) are characterized by persistent impairments in social communication, reciprocal interaction, and the presence of restricted, stereotypical behaviors. ASD is a non-fatal but life-long disease commencing in early childhood with overlapping neurodevelopmental causes. In the fifth edition of Diagnostic and Statistical Manual of Mental Disorders, ASD diagnostic criteria eliminated diagnostic subtypes (autistic disorder, Asperger's syndrome, and Pervasive Developmental Disabilities-Not Otherwise Specified), and designated as a single category (23).



Statistical analysis

Statistical analysis was performed using R software (version 4.1.2). ASD burden was measured using prevalence, incidence, DALYs, and corresponding age-standardized rates in 204 countries and territories, from 1990 to 2019. A team of librarians identified multiple relevant data sources from published literature and websites. Standard methods, such as Bayesian meta-regression tool and regression methods, have been used to estimate prevalence, incidence and DALYs with uncertainty intervals (UIs) of autism spectrum disorders by location, year and sex by the GBD Collaborators using multiple modeling software (17). Based on the ordered draw of the modeling process, 95% UI, similar with confidence intervals (CI) mathematically, were identified from the epidemiological estimation methodology. The raw data were publicly available from the GBD Results Tool (https://vizhub.healthdata.org/gbd-results/). Age-standardized rate (ASR) and estimated annual percentage change (EAPC) were used to quantify temporal trends of ASD (24). Specifically, ASR was the sum of the product of the ratio of each age group (most are five years per group) with redistribution and the weight of the selected population group, divided by the total weight of the standard population. As a result, ASRs, including age-standardized prevalence rate (ASPR), age-standardized incidence rate (ASIR) and age-standardized DALY rate, could exclude the interference from variations in age distribution and population quantity. ASR was reported per 100,000 populations annually. Meanwhile, the EAPC point estimation based on ASR was employed to reflect the shifting trends of ASD burden over time. EAPC was calculated with the formula EAPC = 100 × [exp(β) − 1], where β demonstrated the secular trend of ASR in the 30 years. If the EAPC estimation and its 95% confidence interval were both above/below zero, the corresponding ASR was in an increasing/decreasing trend. Otherwise, the changing trend of ASR was deemed to be stable.

Socio-demographic index (SDI) was a comprehensive measurement of educational attainment, lagged distributed income, and total fertility rate to describe socioeconomic development status (25, 26). The countries and territories were categorized into five SDI quintiles (low, low-middle, middle, high-middle, and high). Finally, we calculated Pearson's correlation coefficient between EAPCs and ASRs and between EAPCs and SDI values in 2019, to investigate influential factors of ASR change trends (27).

Risk factor for autism spectrum disorder is multifactorial, such as genetic predispositions or environmental factors, which has not been included in the GBD database. Hence, the current study obtained literature published from January 1, 1990 to November 7, 2022 to make a preliminary bibliometric analysis. The retrieved results were analyzed using CiteSpace (version 6.1 R3), a literature visualization and analysis software developed to identify scientific progress and research frontiers of a certain field (28). The search strategy included the terms “autism” and “risk factor” from Web of Science. The literature was limited to English language, and finally 3,590 references were obtained after removing duplicates. For visualization, we selected “Top 50 levels of most occurred items from each slice” and “Pruning/pathfinder” to generate keyword clustering.




Results


ASD epidemiology in 2019

Globally, there were estimated 28.3 million (95% UI, 23.5–33.8 million) prevalent cases of autism spectrum disorders, with an age-standardized prevalence rate of 369.4 (95%UI, 305.9 to 441.2 in 2019 (Table 1). ASD was responsible for 603,790 (95% UI, 501,680 to 720,097) incident cases globally, with an age-standardized incidence rate of 9.3 (95% UI, 7.7 to 11.1) in 2019. In addition, ASD accounted for 4.3 million (95% UI, 2.8 to 6.2) DALYs, with an age-standardized rate of 56.3 (95% UI, 36.8 to 81.5) DALYs in 2019 (Table 2). For SDI regions, the Middle SDI region had the highest burden of prevalent cases and DALYs in 2019, while the Low-middle SDI region had the most incident cases. Geographical distribution of the prevalence, incidence and DALYs estimates for autism spectrum disorders in 2019 were presented in Figures 1, 2, and Supplementary Figure S1.


[image: Figure 1]
FIGURE 1
Global prevalence of autism spectrum disorders in 2019. (A) Prevalent cases of autism spectrum disorders by location for both sexes in 2019. (B) Age-standardized prevalence rate (ASPR) of autism spectrum disorders by location for both sexes in 2019.
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FIGURE 2
Global incidence of autism spectrum disorder in 2019. (A) Incident cases of autism spectrum disorders by location for both sexes in 2019. (B) Age-standardized incidence rate (ASIR) of autism spectrum disorders by location for both sexes in 2019.



TABLE 1 Number and age-standardized prevalence rate for ASD by global burden of disease region in 1990 and 2019.
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TABLE 2 Number and age-standardized rates of incidence and of DALYs for ASD by global burden of disease region in 1990 and 2019.
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Temporal trends of ASD prevalence from 1990 to 2019

From 1990 to 2019, the global ASD prevalent cases increased by 39.3% and the age-standardized prevalence rate has not almost improvement [EAPC = −0.02, 95% CI (−0.03 to −0.01), Supplementary Table S1]. Males were more likely to have ASD than females (male to female ratio in ASIR = 3.34:1 in 1990, and 3.23:1 in 2019). At the regional level, the age-standardized prevalence rate of ASD was found to be highest in high-income North America [640.0 (95% UI, 537.7 to 756.4)], high-income Asia Pacific [634.3 (95% UI, 528.8 to 756.7)] and Western Europe [581.3 (95% UI, 488.2 to 686.4)] (Table 1). Subgroup analysis by SDI regions demonstrated that although high SDI region had the most rapid increase in prevalence (ASPR: 539.6 in 1990 and 579.3 in 2019, EAPC = 0.30, 95% CI 0.25 to 0.35) (Figure 3, Supplementary Table S1). At the level of country or territory, there was wide geographic variation in the ASPR of ASD (range, 215.8 to 739.6). United Kingdom [739.6 (95% UI, 617.2 to 876.3)], Sweden [706.8 (95% UI, 589.1 to 838.5)] and Japan [676.5 (95% UI, 562.8 to 805)] had the three highest ASPR in 2019 (Figure 1, Supplementary Tables S1, S5).


[image: Figure 3]
FIGURE 3
Global prevalence of autism spectrum disorders (ASD) by sex and socio-demographic index (SDI) quintiles from 1990 to 2019.




Temporal trends of ASD incidence from 1990 to 2019

From 1990 to 2019, the global ASD incidence has not been improved since incident cases increased marginally by 0.1% and the age-standardized prevalence rate increased by 1.1% [EAPC = 0.06, 95% CI (0.04 to 0.07), Supplementary Table S2]. Females had fewer ASD incidence than males (1990: 461,633 in males and 141,254 in females; 2019: 459,493 in males and 144,297 in females). At the regional level, the age-standardized incidence rate of ASD was highest in high-income North America 16.4 (95% UI, 13.8 to 19.3), high-income Asia Pacific 15.7 (95% UI, 13.1 to 18.6) and Caribbean 15.2 (95% UI, 13.1 to 17.3) (Table 2). For SDI regions, the high SDI region had the most increase in age-standardized incidence rate from 1990 to 2019 (change = 9%; EAPC = 0.36, 95% CI 0.31 to 0.41, Supplementary Table S2). At the level of country or territory, ASIR varied from 5.4 to 18.6. Andorra [18.6 (95% UI, 15.3 to 22.3)], United Kingdom [18.0 (95% UI, 15 to 21.2)] and Sweden [17.1 (95% UI 14.4 to 20.2)] had the three highest age-standardized prevalence rates in 2019 (Figure 2, Supplementary Tables S2 and S5).



Temporal trends of ASD DALYs from 1990 to 2019

From 1990 to 2019, the global ASD DALYs increased by 38.7% and the age-standardized DALY rate has almost no improvement [EAPC = −0.02, 95% CI (−0.03 to −0.01), Supplementary Table S3]. The number of global DALYs in males was higher than in females (1990: 2393774.2 in male and 712134.9 in females; 2019: 3294467.6 in males and 1012147.8 in females). At the regional level, the age-standardized DALYs rate of ASD was found to be highest in high-income Asia Pacific 97.3 (95% UI, 63.6 to 141), high-income North America 96.9 (95% UI, 63.7 to 137.7) and Caribbean 92.9 (95% UI, 62.4 to 131.9) (Table 2). Subgroup analysis by SDI regions demonstrated that although the high SDI region had the most rapid increase in DALYs (age-standardized DALY rate: 82.2 in 1990 and 88.2 in 2019, EAPC = 0.81, 95% CI 0.68 to 0.95, Supplementary Table S3). At the level of country or territory, age-standardized incidence DALYs rates varied from 33.3 to 112.3 among the countries and territories. United Kingdom [112.3 (95% UI, 73.7 to 160.5)], Sweden [108.0 (95% UI, 71.2 to 155.3)] and Japan [103.8 (95% UI, 67.7 to 149.7)] showed the highest age-standardized DALYs rates in 2019 (Supplementary Figure S1, Supplementary Tables S3 and S4).



Correlation between the socio-demographic Index and ASD epidemiology

Pearson's correlation coefficients between ASRs in 1990 and the corresponding EAPC values were not statistically significant (Supplementary Figure S6). We explored the association between SDI in 2019 and EAPC values of ASPR, ASIR, and age-standardized DALY rate among the countries and territories. The results demonstrated that the associations between SDI, and EAPCs of ASIR and age-standardized DALY rate, were not statistically significant. However, the EAPC value of ASPR was positively associated with SDI in 2019 (Supplementary Figure S7). Further, we investigated the correlation between SDI and ASPR, ASIR, and age-standardized DALY rate from 1990 to 2019. As a result, all ASRs were significantly and positively correlated with corresponding SDI values (correlation coefficient of ASPR = 0.672, of ASIR = 0.638, of age-standardized DALY rate = 0.681, P < 0.05) in 21 regions worldwide. For most countries and territories, after a decrease in expected ASRs, these rates increased rapidly when SDI values were higher than 0.4 in 2019 (Supplementary Figures S8–S10).



Bibliometric analysis

A total of 3,991 articles in English were retrieved from Web of Science. After deleting duplicate literatures, 3,590 references were obtained for risk factors of ASD. As presented in Figure 4A, the overall number has been increasing since 1990. Among the countries/territories, USA, England, Canada, China, and Australia make leading contributions to exploring ASD risk factors in the past decades (Figure 4B).


[image: Figure 4]
FIGURE 4
(A) The number of publications on risk factors of ASD since 1990. (B) Leading countries or territories that contributed to publications on risk factors of ASD since 1990.




ASD risk factors-research categories

In the current study, we identified the top research categories with citations analyzed by the CiteSpace software. As demonstrated in Figure 5, research category was represented a cloud of circular nodes, with the areas depicting the number of research literature in each field. Moreover, the node orientations demonstrated the publication's importance. As a result, “#0 Rehabilitation”, “#1 Genetics & Heredity”, “#2 Nanoscience & Nanotechnology”, “#3 Biochemistry & Molecular biology”, “#4/5 Psychology”, “#6 Neurosciences”, and “#7 Environmental Sciences” may have played pivotal roles in the field of ASD risk factors since 1990.


[image: Figure 5]
FIGURE 5
The cluster map of co-occurrence research categories related to risk factors on ASD since 1990.




ASD risk factors-keywords clustering

We use the default setting of CiteSpace (Slice length = “1” year; Select the node type = “Keyword”; Top N = “50”) and a pruning algorithm to cluster the keywords. After processing, top keywords with the strongest co-occurrence frequency were found to understand hotspots in this field since 1990. As shown in the Figure 6, the Mean Silhouette score was 0.8576, and the Modularity Q score was 0.7409. The emerging clusters revealed that ASD risk factors could be multifaceted and there is no definite conclusion. Hence, we used Burst Keywords analysis to explore the risk factor receiving high attention in the past decades (Figure 7). For example, “Pervasive developmental disorder”, “obstetric complication”, and “perinatal factor” were of the earliest burst. In recent years, “de novo mutation”, “environmental factor”, and “DNA methylation” have been among the most focused keywords.


[image: Figure 6]
FIGURE 6
The cluster map of co-occurrence keywords related to risk factors on ASD since 1990.
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FIGURE 7
The top 30 keywords with the strongest citation bursts related to risk factors on ASD since 1990.





Discussion

In this study, we presented the epidemiological estimates and temporal trends of autism spectrum disorders based on the GBD database at the global, regional, and national levels from 1990 to 2019. Globally, there were estimated 28.3 million prevalent cases (ASR, 369.4 per 100,000 populations), 603,790 incident cases (ASR, 9.3 per 100,000 populations) and 4.3 million DALYs (ASR, 56.3 per 100,000 populations) in 2019. From 1990 to 2019, the prevalent cases and DALYs of ASD increased by almost 40%, while incidence and the ASRs have not been improved. We found the ASRs were significantly higher in the high SDI region, and the ASRs increased as SDI increased except the low SDI region. Moreover, we identified the hotspots concerning ASD risks factors since 1,900 because it is not provided in the GBD database.

Understanding the epidemiology of ASD burden facilitates tailoring health programs to address this great health challenge. Studies have shown that ASD was the leading cause of disability among all mental disorders in children globally but lack of knowledge concerning its geographical distribution in all-age populations (11, 29). A systematic review on ASD prevalence and DALYs found estimated 52 million prevalent cases (ASR, 760) and 7.7 million DALYs (ASR, 58.2) of ASD worldwide in 2010 (13). However, it is impracticable to compare with our report because of substantial differences in methodologies and data sources. The review included much epidemiological data from high-income countries, lack in low-income and middle-income countries (LMICs), especially Africa, Latin America and Central and Eastern Europe (10, 13). At the national level, the age-standardized prevalence rates ranged from 215.8 to 739.6 per 100,000 populations in our study, which were greatly lower than previous reports (30). The reason for the considerable but not contradictory differences mainly lied in the study population: our study highlighted the all-age populations while most epidemiological studies were only concerned with children and young adolescents. As the incident rate has been increasing but tending to be stable (EAPC = 0.06), the overall ASPR could have been attenuated by the underemphasized age groups (Supplementary Table S5). Besides, data sources could have led to heterogeneous results, such as data derived from health records or parents' report, and from nationally representative population or selected sites (5, 31, 32). Our study also showed a male preponderance in ASRs similar to previous studies, which were related to complicated but unknown mechanisms, including environmental, genetic or epigenetic reasons (13, 33, 34).

Monitoring the temporal trend of ASD burden helps find the emerging challenges and adapt health systems over time. Globally, the ASD prevalent cases and DALYs increased by almost 40% in the past 30 years, while the ASRs and incidence tended to be stable. Such increases may be mainly attributable to the global population growth, instead of change in ASD incidence (29). As the ASRs were deemed unchanging over time, etiological research and primary prevention for reducing ASD incidence deserve continuous attention for a long time to come (30). Furthermore, ASD symptoms could extend beyond childhood and persist across lifespan although it was commonly perceived to be childhood disorders (35). Hence, the epidemiological data in all-age populations, including children, adolescents and adults, should draw attention when considering the increasing burden over time. Meanwhile, medical resources on the topic of early diagnosis and therapy are crucial for secondary prevention of permanent disabilities during golden period sensitive to treatment (36). Additionally, regions especially those with high prevalent cases, such as China, India and USA, should formulate policies to support long-term healthcare service, education, skills training and vocational assistance for rehabilitation (tertiary prevention) and reducing stigmatization (37, 38).

We investigated the correlation between social development status and ASD burden, which may shed a light on ASD prevention and international cooperation to address disease burden. The causes of ASD were unrevealed but usually attributed to complex genetics-environment interactions. According to the results, all ASRs were positively correlated with SDI values from 1990 to 2019. For most countries and territories, after a decrease in expected ASRs, these rates increased rapidly when SDI values were higher than 0.4 in 2019. The positive correlation was underpinned by the view that awareness, concepts, and healthcare service availability of ASDs could be improved with social development (39). Moreover, environmental exposure, such as air pollution and endocrine-disrupting chemicals, was accompanied with socioeconomic development in the past decades (30). However, there was a paradox when attributing to socioeconomic status, because ASD burden in low SDI region did not fit the association. This result might be explained by non-etiologic reasons in LMICs, such as public awareness since the diagnosis was based on social and contextual observations (40, 41) or etiologic factors such as genetic and environmental risk factors (30).

ASD is a complex multifactorial disease, and it needs interdisciplinary cooperation to find out the linking causes with the issue, such as Genetic & Heredity, Biochemistry, Public health and Environmental sciences, etc. For example, parental age, environmental exposure, de novo mutations and epigenetic alterations were shown associated with ASD risk (1, 21, 42). After bibliometric analysis, we found literature on risk factors for ASD shows a growing trend since 1999. Moreover, some emerging research directions could provide new perspective on ASD etiology. Previous studies found that allergic diseases are over-represented in ASD and hypothesized that immune dysregulation may have contributed to autism pathogenesis (43). Furthermore, gut microbiome can modulate gastrointestinal physiology and immune system relevant to ASD symptoms (44). More specifically, we can inspect the change of research hotspots from keywords with citation burst over time. Earlier bursts indicated that previous studies focused on family history, developmental psychology, and prenatal factors. In recent years, advances in technology have led to further exploration into genetics, immune systems, and environmental factors (30, 45, 46).

This study has several limitations. First, although the GBD provides spatiotemporal estimates of disease burden for geographical location with sparse data, the accuracy and reliability of modeling rely on the quality of data used in the study, thus the epidemiological estimates should be interpreted with cautions (17). Second, the study included literature only from Web of science. Future study could include articles in multiple databases with various languages to reduce bias. Third, due to the restrictions of data type, further investigation stratified by pathophysiology, etiology, and disease severity should be conducted in future studies (47). Considering that different ASD phenotypes can be associated with psychiatric, mental, and physical disorders (14, 15), GBD models should include monitoring comorbidities to address the overall and life-long needs of individuals with autism spectrum disorders.



Conclusions

Autism spectrum disorders remain a global public health problem. The global prevalent cases and DALYs of ASD increased greatly with population growth, while age-standardized rates and incidence has not been improved from 1990 to 2019. The increased ASRs were associated with higher sociodemographic status except the low SDI region, although which was the main contributor to the rapid increases in prevalent cases and DALYs. The epidemiological findings could help policy makers illustrate the global health challenge to formulate policies and implement measures for prevention from risk factors, early diagnosis, and life-long healthcare service. Increasing knowledge concerning the public awareness, risk factors, diagnostic criteria and interventions are also warranted to reduce ASD burden.
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