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Background: Neonatal disorders are facing serious public health challenges. Previous studies were based on limited data sources and had a narrow geographical scope. We aim to understand the trends of alteration in the burden of neonatal disorders from 1990 to 2019 in 204 countries and territories.

Methods: Data were investigated from the Global Burden of Disease Study 2019. First, we visualized the burden of neonatal disorders using the number of cases and the age-standardized incidence rate (ASIR), death rate (ASDR), and disability-adjusted life years (ASR-DALYs) from 1990 to 2019. Second, estimated annual percentage changes (EAPCs) were used to evaluate the temporal trends of disease burden during different periods. Finally, the sociodemographic index (SDI) and human development index (HDI) were used to determine whether there exists a correlation between socioeconomic development level, human development level, and potential burden consequences.

Results: Overall, in the past 30 years, the ASIR trends have remained relatively steady, whereas the ASDR and ASR-DALYs have declined. However, the burden of neonatal disorders varied greatly in various regions and countries. Among 21 regions, the ASIR trend had the largest increase in Central Latin America (EAPC = 0.42, 95%CI = 0.33–0.50). Conversely, the ASDR and ASR-DALYs experienced the largest decrease in Central Europe (EAPC = −5.10, 95%CI = −5.28 to 4.93) and East Asia (EAPC = −4.07, 95%CI = −4.41 to 3.73), respectively. Among 204 countries, the ASIR (EAPC = 3.35, 95%CI = 3.13–3.56) trend in Greece displayed the most significant increase, while the ASDR (EAPC = 1.26, 95%CI = 1.01–1.50) and ASR-DALYs (EAPC = 1.26, 95%CI = 1.03–1.49) trends in Dominica experienced the most substantial increase. Furthermore, there was a strong correlation between the EAPCs in ASIR, ASDR, ASR-DALYs, and SDI or HDI in 2019, with some exceptions. In addition, countries with elevated levels of HDI experienced a faster increase in ASDR and ASR-DALYs for neonatal disorders.

Conclusion: Although the burden of neonatal disorders shows a downward trend from 1990 to 2019, it is still not optimistic. It is necessary to implement a multi-pronged approach to reduce the increasing burden of neonatal disorders.
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1 Introduction

Neonatal disorders are an important global health problem. According to the report by the United Nations Children’s Fund (UNICEF), approximately 2.7 million neonates die within 28 days of birth globally every year, which indicates that there is a generalized need to raise awareness of neonatal disorders along the entire global spectrum. In the last 30 years, although there has been accelerated progress in reproductive, maternal, newborn, and child health (RMNCH) and the trend in death rates for children aged 5 years and below has significantly decreased, this increased survival explained that deaths in children under 5 mainly occurred in the 4 weeks before life, i.e., the neonatal period (1). To date, neonates are still an unheeded age group in the pursuit of national health coverage. Moreover, as the birth population slightly increases and the population structure, disease spectrum, and social and economic development transform, neonatal disorders have shown differentiation and complexity, it is necessary to have a thorough, systematic, and timely comprehension of the burden caused by neonatal diseases.

At present, the study on the burden of neonatal disorders is mostly focused on a single health problem or independent risk factors. Although past research has reported the global incidence and death rates of neonatal disorders (2), the continuous changes and disability-adjusted life years (DALYs) of neonatal disorders need to be clarified. Their geographical distribution and long-term tendencies have not been explained, and the association between socioeconomic status and human development index in the regional and national contexts also needs to be further clarified.

It is well known that neonatal disorders directly increase the mortality risk of neonates and children under 5 (3), indirectly increase maternal death rates, and can also affect the cognitive, motor, behavioral, and socio-emotional development of children in the later stages, especially the development of the nervous system (4). Currently, approximately 7,000 neonates also die every day, accounting for 47% of all deaths in children under 5 (5). Our team’s previous research has also discovered that exposure during pregnancy to air pollution (especially PM2.5 and NO2) links to adverse pregnancy outcomes, neonatal neurodevelopment, and low hemoglobin during the third trimester (6–8), which may also lead to the occurrence of neonatal diseases. It can be seen that the cause of neonatal disorders is the result of the interaction of multiple factors. Therefore, understanding the global trend and the temporal change of neonatal disorders is very important for tracking the progress of neonatal survival objectives, strengthening child healthcare and health promotion, and developing national medical policy.

The Global Burden of Disease (GBD) research is a good opportunity to effectively grasp the policy intervention focus of neonatal health under the new situation. In this research, the age-standardized rates (ASRs) of incidence (ASIR), death (ASDR), and DALYs (ASR-DALYs) for neonatal disorders were evaluated at global, regional, and country levels and according to the level of economic development from 1990 to 2019 so as to clarify the health status and major threats of neonatal disorders under the new situation, make global and regional targeted intervention a priority for neonatal disorder management, and reduce the burden of neonatal disorders.



2 Methods


2.1 Overview

This study strictly followed the Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER) standards (9) and showed the progress, experience, and challenges of different countries in controlling and preventing neonatal disorders. Neonatal disorders in this study refers to the following five categories: premature birth, brain damage resulting from suffocation and injury during birth, neonatal septicemia and infections, hemolytic disorders and neonatal jaundice, and other illnesses that affect newborns. The GBD 2019 database diagnoses of neonatal disorders were based on the International Classification of Diseases, 10th Edition (ICD-10) and 9th Edition (ICD-9). This research did not involve humans and/or animals and did not require ethical approval or informed consent.



2.2 Data sources

The GBD study conducted a global comprehensive assessment of health losses for 329 diseases across 204 countries and 21 regions. These diseases were categorized into 21 regions based on epidemiological similarity and geographic proximity. Our study was based on the 2019 GBD data, which were extracted according to the GBD operation guidelines, and options for disease type, sex, and disease burden were set. Neonates were defined as infants within 28 days after birth. We used the online data query tool of the Global Health Data Exchange (GHDx), available at http://ghdx.healthdata.org/gbd-results-tool, to examine the data sources related to the research topic. Data on the frequency of incidence, death rates, and DALYs of neonatal disorders were acquired by us. Furthermore, we calculated ASRs for the years between 1990 and 2019 in light of gender, region, and country. Five different sociodemographic index (SDI)-based groups were included: low, low-middle, middle, high-middle, and high, based on the SDI in 2019. The SDI was a new development classification indicator proposed by the Institute for Health Metrics and Evaluation (IHME) at the University of Washington, along with the results of the 2015 Global Burden of Disease Study. The SDI was an amalgamated indicator that considered a nation’s income per capita distributed over time, mean years of schooling, and the rate of fertility in women below the age of 25 (9, 10). It can better reflect the disease burden and the degree of healthy development. The scale of the metric ranged from 0 to 1, with 0 indicating the poorest combination of the three indicators and 1 indicating the most affluent (11). Meanwhile, we also gathered the values for the Human Development Index (HDI). The HDI was an indicator proposed by the United Nations Development Program (UNDP) in the 1990 Human Development Report to measure the level of economic and social development of United Nations member states. The HDI for 2019 could represent the medical level of each country.



2.3 Statistical analysis

ASIR, ASDR, and ASR-DALYs and their corresponding estimated annual percentage changes (EAPCs) were calculated to demonstrate the burden of neonatal disorders. ASRs refer to the ratio per 100,000 population following the standardization of the global age structure. The purpose of ASRs was to eliminate the impact of age distribution on the incidence, death, or DALYs within a population. Incidence refers to the number of new cases per 100,000 people in a specific period. The death rate was calculated as the number of fatalities per 100,000 people within a designated time frame. DALYs was a measure that combined the years lived with disability (YLDs) and years of life lost (YLLs) per 100,000 population. YLDs were approximated by multiplying the number of individuals affected by a specific disease or injury by the disability weight assigned to that condition (11). YLLs involved subtracting the age at death from the maximum expected lifespan at that age (11). ASRs (age-standardized incidence/death/DALYs) were reckoned by the following Equation 1 (12):
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In the above formula, the numerator was the sum of products obtained by multiplying the age group-specific rates by the count of individuals within the same age group of the selected standard population group, and the denominator was calculated by adding standardized population weights. More importantly, the ASR trends could well reflect the changes in disease models and disease hazards among the crowd. Thus, this study could assess the rationality of current measures to prevent and control neonatal disorders through the analysis of the ASRs and to build more accurate strategies when needed.

Our study represented the time tendency of ASRs by calculating the value of EAPCs and its 95% confidence intervals. EAPC has been proven to be an effective method for quantifying ASR tendencies within the realm of public health (13, 14). EAPC calculation depended on the published research reports.
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In this Equation 2, the natural logarithm of age-standardized rates [ln (ASR)] was represented by y, and the calendar year was represented by x (15). EAPC was computed using the subsequent Equation 3:
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If both the EAPCs and the 95% CI lower bounds were above zero, the ASR exhibited an upward inclination. If both the EAPC and the 95%CI upper bounds were below zero, the ASR displayed a downward inclination. If both the EAPC and the bounds of the 95%CI were equal to zero, the ASR indicated a stable inclination. Moreover, we also calculated 95% uncertainty intervals (UIs) for each metric based on the 25th and 75th values of the 1,000 posterior distribution draws (9).

Additionally, to identify the potential influencing factors for EAPCs, we conducted Pearson’s correlation analyses to assess the association between the EAPCs of ASIR, ASDR, and ASR-DALYs with SDI values at both the national and regional levels as well as with HDI. The HDI for 2019 could represent the medical level of each country (16). When the value of p was <0.5, there was no statistically significant relationship between EAPCs in the ASIR, ASDR, ASR-DALYs, and HDI. The software for statistical analysis in this study was the R program (R x3.6.3), and the website is https://www.r-project.org/.




3 Results


3.1 Incidence of neonatal diseases

Across the world, the number of new cases of neonatal disorders subsided from 23,592,739 cases in 1990 to 23,532,232 cases in 2019, corresponding to a decrease of 0.26%. The ASIR of neonatal disorders presented a slightly opposite trend, increasing from 358.80 per 100,000 population to 363.30 per 100,000 population in the same study period, but the ASIR of neonatal disorders remained largely stable between 1990 and 2019. As for the gender distribution, boys were more likely to develop neonatal disorders than girls (Table 1).



TABLE 1 The incident cases and ASIR in 1990 and 2019 and its temporal trends.
[image: Table1]

For 204 countries, the most remarkable surge in the incidence of neonatal disorders was shown in Qatar (178.04%), with Niger (176.56%) and Afghanistan (168.48%) following closely behind, while a gross decline occurred in Albania (−63.42%), Armenia (−62.50%), and Serbia (−62.23%) (Figure 1A). The ASIR of neonatal disorders varied significantly globally in 2019, with the highest rates in Yemen (612.02/100,000, 95%UI = 583.99–642.36/100,000), followed by Bangladesh (604.32/100,000, 95%UI = 538.84–669.05/100,000) and Niger (578.33/100,000, 95%UI = 541.32–620.62/100,000), and the lowest rates in Sweden (107.32/100,000, 95%UI = 100.40–104.87/100,000), followed by France (120.79/100,000, 95%UI = 107.52–134.04/100,000) and Denmark (139.58/100,000, 95%UI = 130.5607–148.95/100,000) (Figure 1B). From 1990 to 2019, the highest rate of ASIR occurred in Greece (EAPC = 3.35, 95%CI = 3.13–3.56), followed by Macedonia (EAPC = 2.31, 95%CI = 2.12–2.51) and Colombia (EAPC = 1.78, 95%CI = 1.56–1.99), while the greatest decline in ASIR was detected in Serbia (EAPC = −2.34, 95%CI = −2.58 to 2.10), followed by Paraguay (EAPC = −1.52, 95%CI = −1.62 to 1.43) and Mozambique (EAPC = −1.28, 95%CI = −1.44 to 1.12) (Figure 1C).
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FIGURE 1
 The global disease burden of neonatal disorders in 204 countries and territories. (A) The relative change in incident cases of neonatal disorders between 1990 and 2019. (B) The ASIR of neonatal disorders in 2019. (C) The EAPC in ASIR of neonatal disorders from 1990 to 2019.


Regionally, there have been great differences in ASIR over the past 30 years. Among the 21 GBD regions, the Caribbean displayed the strongest growth trend in 2019 (ASIR: 461.44/100,000, 95%UI = 434.91–488.20/100,000). The ASIR increased in 52.38% of areas (11 GBD regions) and declined in 47.62% of areas (10 GBD regions), remaining stable in one area during our study period. The largest decline and increase were observed in Southeast Asia (EAPC = −0.57, 95%CI = −0.60 to 0.54) and Central Latin America (EAPC = 0.42, 95%CI = 0.33–0.50), respectively. Among the five SDI regions, the ASIR declined in the low- and low-middle-SDI regions, while it increased in the high-middle- and high-SDI regions. The largest decline was observed in the low-middle-SDI regions (EAPC = −0.31, 95%CI = −0.37 to 0.25), while the greatest increase was observed in the high-SDI regions (EAPC = 0.21, 95%CI = 0.11–0.31). The increase in ASIR in middle-SDI regions was not obvious, with an EAPC of 0 (95%CI = −0.03 to 0.04) (Table 1).

In addition, in Figure 2, the correlation between ASIR and SDI at the regional and national levels in 2019 is displayed. As a whole, the ASIR and SDI were negatively related at the regional level, but when SDI was between 0.4 and 0.8, it inverted (Figure 2). Similarly, at the national level, the ASIR was also negatively correlated with SDI, with only a few exceptions (Supplementary Figure S1A).

[image: Figure 2]

FIGURE 2
 ASIR for neonatal disorders at the regional levels based on SDI in 2019 (21 GBD regions). The black line represents the expected value based on SDI and incidence rates in all locations.




3.2 Mortality of neonatal disorders

Globally, neonatal disorders caused 1,882,438 deaths (95%UI = 184, 723–201,641) in 2019, which represented a 37.38% decrease from the 3,005,945 deaths (95%UI = 2,807, 527–3,229,594) in 1990. The ASDR showed the same trend, decreasing from 45.80 per 100,000 population (95%UI = 42.80–49.20/100,000) to 29.10 per 100,000 population (95%UI = 24.80–34.50/100,000) over the course of 30 years. The gender distribution of ASDR was consistent with that of ASIR, being higher among male neonates (Table 2).



TABLE 2 The death cases and ASDR in 1990 and 2019 and its temporal trends.
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In the field of 204 countries, the Cook Islands (−95.88%) saw the most substantial decline in death cases, followed by Estonia (−92.35%) and Serbia (−91.25%). Meanwhile, Somalia (106.89%) experienced the largest increase, followed by Papua New Guinea (94.64%) and Niger (90.85%) (Supplementary Figure S2A). The ASDR of neonatal disorders varied considerably across the world in 2019, with the lowest ASDR observed in Japan (1.07/100,000, 95%UI = 0.86–1.23/100,000), Singapore (1.08/100,000, 95%UI = 0.72–1.57/100,000), and the Cook Islands (1.14/100,000, 95%UI = 0.68–1.68/100,000), whereas the highest ASDR was shown in Pakistan (78.62/100,000, 95%UI = 64.03–95.20/100,000), followed by Mali (69.67/100,000, 95%UI = 55.64–87.27/100,000) and the Central African Republic (56.94/100,000, 95%UI = 43.72–73.31/100,000; Supplementary Figure S2B). Meanwhile, during the whole study period, the trend of largest decline in ASDR was discovered in the Cook Islands (EAPC = −9.04, 95%CI = −9.69 to 8.38), followed by Estonia (EAPC = −8.12, 95%CI = −8.46 to 7.77) and Saudi Arabia (EAPC = −7.38, 95%CI = −7.73 to 7.03), while the trend of greatest increase in ASDR was found in Dominica (EAPC = 1.26, 95%CI = 1.01–1.50), followed by Guam (EAPC = 1.07, 95%CI = 0.91–1.24) and Brunei Darussalam (EAPC = 0.53, 95%CI = 0.28–0.78; Supplementary Figure S2C).

With regard to geographic regions, among 21 GBD regions, Western Sub-Saharan Africa showed the most severe rates in 2019 (ASDR: 50.17/100,000, 95%UI = 41.98–60.94/100,000). However, overall, the ASDR presented a declining trend in all regions throughout the study duration, with a remarkable reduction occurring in Central Europe (EAPC = −5.10, 95%CI = −5.28 to 4.93) and East Asia (EAPC = −5.06, 95%CI = −5.52 to 4.59). Among five SDI regions, the ASDR also exhibited a downward trend across all areas, with the largest decline in high-middle-SDI regions (EAPC = −3.92, 95%CI = −4.11 to 3.72) and the smallest reduction in low-SDI regions (EAPC = −1.11, 95%CI = −1.19 to 1.04) (Table 2). Moreover, in terms of the regional and national perspective, a remarkable inverse relevance was observed between ASDR and SDI in 2019, with some exceptions (Supplementary Figures S1B, S3).



3.3 Disability-adjusted life year of neonatal disorder

Globally, neonatal disorder DALY cases decreased by 32.26% between 1990, when there were 274,419,931 cases, and 2019, when there were 185,886,390 cases. The ASR-DALYs declined from 4198.50/100,000 (95%UI = 3918.70–4501.30/100,000) in 1990 to 2828.30/100,000 (95%UI = 2441.60–3329.60/100,000) in 2019, with a greater decrease observed in male neonates than in female neonates (Table 3).



TABLE 3 The DALYs and age-standardized DALYs rate in 1990 and 2019 and its temporal trends.
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For 204 countries, the greatest decrease in the number of DALY cases was observed in the Cook Islands (−87.75%), followed by Syria (−87.16%) and Serbia (−84.71%), while the largest increase occurred in Somalia (109.94%), followed by Papua New Guinea (97.17%) and Niger (93.86%) (Figure 3A). The ASR-DALYs considerably varied in different countries during the study period. In 2019, the ASR-DALYs were lowest in Japan (233.51/100,000, 95%UI = 198.29–267.77/100,000), followed by Finland (260.14/100,000, 95%UI = 210.77–307.63/100,000) and Andorra (272.42/100,000, 95%UI = 223.04–331.59/100,000), while they were highest in Pakistan (7251.45/100,000, 95%UI = 5979.99–8714.79/100,000), followed by Mali (6325.21/100,000, 95%UI = 5072.35–7894.88/100,000) and Central African Republic (5179.21/100,000, 95%UI = 4002.43–6622.66/100,000; Figure 3B). As for annual tendency, Saudi Arabia (EAPC = −6.19, 95%CI = −6.42 to 5.96) demonstrated the most significant reduction in ASR-DALYs, followed by the Cook Islands (EAPC = −6.06, 95%CI = −6.37 to 5.76) and Estonia (EAPC = −5.99, 95%CI = −6.28 to 5.69), while Dominica (EAPC = 1.26, 95%CI = 1.03–1.49) experienced the biggest growth, followed by Guam (EAPC = 0.99, 95%CI = 0.85–1.12) and Brunei Darussalam (EAPC = 0.61, 95%CI = 0.40–0.82; Figure 3C).
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FIGURE 3
 The global disease burden of neonatal disorders for both genders in 204 countries and territories. (A) The relative change in DALYs of neonatal disorders between 1990 and 2019. (B) The ASR-DALYs of neonatal disorders in 2019. (C) The EAPC in ASR-DALYs of neonatal disorders from 1990 to 2019.


Regionally, ASR-DALYs of neonatal disorders also varied widely among regions between 1990 and 2019. Among 21 GBD areas, in 2019, the ASR-DALYs were highest in Western Sub-Saharan Africa (4640.71/100,000, 95%UI = 3904.17–5599.36/100,000) and lowest in high-income Asia Pacific (284.56/100,000, 95%UI = 248.76–321.99/100,000). Meanwhile, the ASR-DALYs declined across all regions, with the largest decrease in East Asia (EAPC = −4.07, 95%CI = −4.41 to 3.73) and Central Europe (EAPC = −4.06, 95%CI = −4.21 to 3.91). Among the five SDI regions, the ASR-DALYs also presented a decreasing tendency across all regions, with the largest decrease in the high-middle-SDI regions (EAPC = −3.18, 95%CI = −3.31 to 3.05) and the low-SDI regions having the smallest decrease (EAPC = −0.97, 95%CI = −1.03 to 0.92; Table 3). Additionally, in 2019, there was an inverse correlation between ASR-DALYs and SDI in regional and national terms, with some exceptions (Figure 4; Supplementary Figure S1C).
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FIGURE 4
 ASR-DALYs for neonatal disorders at the regional levels based on SDI in 2019 (21 GBD regions). The black line represents the expected value based on SDI and DALYs rates in all locations.




3.4 The association between HDI and EAPCs in ASIR, ASDR, and ASR-DALY of neonatal disorders

There was a remarkable positive relationship between the EAPCs in ASIR and HDI in 2019 (ρ = 0.29, p < 0.001), with the HDI between 0.50 and 0.92. Conversely, when the HDI was between 0.55 and 0.87, a remarkable negative relationship was observed between the HDI and EAPCs in ASDR (EAPC = −0.42, p < 0.001) and ASR-DALYs (2ρ = −0.36, p < 0.001). Surprisingly, there was a strong correlation between EAPCs in the ASDR, DALYs, and HDIs in countries with higher HDI (Figure 5). In addition, nations with elevated levels of HDI have observed a faster increase in ASDR and ASR-DALYs.

[image: Figure 5]

FIGURE 5
 The association between HDI (2019) and EAPCs in ASIR, ASDR, and ASR-DALYs of neonatal disorders. (A) HDI (2019) was positively associated with EAPC in ASIR (ρ = 0.29, p < 0.001). (B) HDI (2019) was negatively associated with EAPC in ASDR (ρ = −0.42, p < 0.001). (C) HDI (2019) was negatively associated with EAPC in ASR-DALYs (ρ = −0.36, p < 0.001). The circles represent countries that were available on HDI data. The size of the circle increases with the number of cases of neonatal disorders.





4 Discussion

To the best of our knowledge, our study was the first to analyze the global perspective, regional and national discrepancies on the incidence, death, DALYs, and ASRs and their long-term tendency of neonatal disorders and the connection between socioeconomic status and human development index from regional and national perspectives, using the 2019 GBD data. Research results could provide policymakers across various nations or regions with the development trend of neonatal disease burden so that they could pinpoint zones of accomplishment, stagnation, and emerging risks related to neonatal disorders and learn from the progressive experience of countries or regions with well-managed disease burden.

On a global scale, we found that the overall trend of ASIR for neonatal disorders remained basically unchanged from 1990 to 2019, perhaps due to a considerable disparity in population, an unbalanced distribution of medical resources, an imperfect healthcare system, and indigenous social economy levels (17–19). This current study found that the ASDR and ASR-DALYs of neonatal disorders decreased to various degrees worldwide. This is largely in line with the previous study and is probably impacted by the improvements in maternal and newborn health services (20). Meanwhile, the burden of neonatal disorders in the male population was higher than that in the female population. Nonetheless, we should not ignore the burden of neonatal disorders in women and their related hazard factors in various regions.

Our study confirmed that the burdens of neonatal disorders had a certain significant association with social and economic development status. The burdens of neonatal disorders were not balanced in five SDI subareas, which might be due to unequal access to health protection and medical resources (21). The greatest decline in ASDR and ASR-DALYs was noticed in the high-middle-SDI regions, which was inseparable from reasonable input in the enhancement of the medicare health systems, continued medical investment, and comprehensive neonatal care (2). By comparison, the ASDR and ASR-DALYs showed the smallest decrease in low-SDI regions at the same research time. Neonatal disorders not only cause significant economic costs to low-SDI areas but also exacerbate the inequalities of social welfare (22), which becomes a vicious cycle. Notably, our investigation discovered that the highest decrease in the ASIR of neonatal disorders in low-middle-SDI regions was likely due to the significant role played by private healthcare departments in offering maternal and newborn healthcare services in countries with low to moderate incomes (23). In addition, the ASIR of neonatal disorders displayed an upward inclination in high-SDI regions. There were several potential reasons to partially but not fully explain this ascending tendency of ASIR in high-SDI regions, including the unceasing growth of the population, the increasing proportion of women of advanced reproductive age, and the continuous use of assisted reproduction techniques.

The burden of neonatal disorders varied greatly in different regions. Central Latin America showed an upward trend in ASIR from 1990 to 2019, with the most likely cause being not achieving pervasive health coverage levels in relation to reproduction and maternal and children’s health interventions especially in contemporary birth control methods, prenatal care, and trained birth attendants, and this inequality was more common among indigenous women (24). Meanwhile, the nation with the most significant decline in ASIR was Southeast Asia. One previous study in Southeast Asia reported that implementing the continuum of care (CoC) was deemed an effective method to enhance the conditions of maternal and neonatal health outcomes (25), and other studies also indicated that CoC has become a key strategy to markedly diminish the hazards of maternal, perinatal, and infant death, particularly those caused by preventable factors (26). Furthermore, our research reported that the ASDR and ASR-DALYs of neonatal disorders declined in all geographical areas, with the most substantial decrease in East Asia, which was consistent with previous findings, where mothers and babies have often been exposed to an elevated risk of infection due to insufficient hospitals and water, sanitation, and hygiene (WASH) services and gaps in hygiene practices at childbirth (27). It is well known that the importance of hygiene practices during childbirth and the postpartum period is well recognized.

The relative changes in the incidence, death cases, and DALY cases of neonatal disorders have varied dramatically among different countries since 1990 and 2019. Some countries (e.g., Qatar and Somalia) experienced significant increases in the incidence, death rate, and DALYs. Qatar was a country with a prosperous population, of which 90% were expatriates from different nationalities. Surprisingly, Qatar’s national development strategy focused only on the Qatari population. Therefore, Qatar’s long-term residents might face greater challenges in healthcare, which might also be one of the biggest reasons for the increase in the incidence rate of neonatal disorders in Qatar (28). Somalia was also facing the same problems. It was ranked as the most challenging country for mothers and had the highest rate of deaths among children under the age of 5 years globally (29), which is consistent with the results of this study. Due to crises of conflict-related and widespread drought over the past 30 years, maternal and neonatal healthcare in Somalia was facing a serious healthcare crisis (30, 31). With such a background, local health authorities in Somalia were facing the dual burden of rebuilding the healthcare system and handling urgent public health events resulting from continuing instability, conflicts, and natural disasters. As a result, the public health sector in Somalia further deteriorated to almost non-existent (32, 33). Herein, further exploring partnerships between government and service providers in the non-governmental sector is essential to provide cost-free essential maternal and child healthcare services to countries such as Somalia, which are in unsafe and turbulent environments. In addition, other countries (e.g., Albania and the Cook Islands) showed a decreasing tendency in the incidence, death rate, and DALYs. Early Essential Newborn Care (EENC) (34), international healthcare projects (35), and studies on reproductive health (36) might contribute to the downswing of the burden of neonatal disorders in the abovementioned island nations.

This research revealed that the ASIRs, ASDRs, and ASR-DALYs of neonatal disorders demonstrated a huge difference between nations in 2019. The ASIR, ASDR, and ASR-DALYs of neonatal disorders were lowest in Sweden and Japan, the possible reason being that the developed countries allocated a large number of personnel and financial assets to protect the health of mothers and children. For instance, Sweden had the best social welfare and healthcare systems in the world and led the world in terms of both diagnosis technology and treatment technology for neonatal disorders. Japan had a similar situation. It was also a country with higher welfare and perfect health and welfare among mothers and children, and it had a sound social security system, including social insurance, public medical care, and public assistance. Our study also found that the ASIR of neonatal disorders was highest in Yemen as a result of a large-scale epidemic that occurred in the protracted armed conflict environment of women and children, where the primary healthcare needs were not met (37, 38). The ASDR and ASR-DALYs were highest in Pakistan. Previous similar findings have already reported that the following key factors might explain the higher burden of neonatal disorders in Pakistan. First, a lack of formal education in Pakistan was the main reason for pregnant women experiencing difficulty in accessing key maternal health services and the main cause of worse maternal and child health outcomes (39–41). Second, malnutrition of reproductive-aged women, especially for women who are deficient in prenatal vitamin/calcium/iron supplementation or have insufficient weight gain during gestation, was strongly linked with adverse outcomes for newborns. In addition, the quality of delivery care, the delay in referrals from one healthcare facility to another, the inter-delivery interval, and newborn care seemed to be substantially worse in Pakistan (39, 42). To summarize, without addressing the aforementioned factors emphasized in this article, it was impossible for every country to achieve the ambitious mortality targets.

Our research also identified trends in the burden of illnesses affecting neonates. During the period spanning 1990 to 2019, the frequency of neonatal disorders increased most significantly in Greece and Macedonia. In these regions, the economic crisis that occurred in 2008, as well as the subsequent cost-cutting measures taken in healthcare expenditures, brought about remarkable adverse impacts on perinatal outcomes (43, 44), showing that government investment in financial and material capabilities was essential for the prevention of neonatal disorders. The frequency of perinatal and neonatal disorders was very high (45), mainly because adolescent mothers at puberty were relatively common in this country, and maternal care was also affected by racism and discrimination (46). Similarly, over the last 30 years, the countries with the highest increase in EAPCs in the ASDR and ASR-DALYs of neonatal disorders were Dominica, Guam, and Brunei, indicating that the prevention and treatment capacity of developed countries for neonatal disorders is stronger than that of underdeveloped countries. By comparison, the countries with the highest decrease in EAPCs in the ASDR and ASR-DALYs of neonatal disorders were the Cook Islands, Estonia, and Saudi Arabia. For example, Saudi Arabia has increased its investment in healthcare since 2010, and the domestic government’s general health expenditure has increased by almost 68% (47). It can be seen that the government’s approach to maternal health policies is an important link in preventing neonatal disorders. In addition, this study uncovered a negative correlation between ASIR for neonatal disorders and SDI from the nation’s point of view, with some exceptions. Similar patterns were observed for ASR-DALYs and ASDR in relation to SDI. Studies have also highlighted that countries in medically resource-poor settings still face the growing challenges of maternal and neonatal disorders (48).

Although the data acquired from the GBD study bridged the lacuna in neonatal disorders burden, this study still has some limitations. First, this study failed to conduct a statistical analysis of the types of neonatal disorders. Second, there is no analysis of the role of specific risk factors for neonatal disorders, which may help explain the geographical and temporal patterns of disease burden. Third, due to the unavailability of official data for all countries between 1990 and 2019, our study mainly focused on ASIRs, ASDRs, and ASR-DALYs’ EAPCs, and subsequent research will explore alternative data sources to refine our understanding of disease burden dynamics. Finally, this study has only obtained the impact of neonatal disorders borne by different nations or regions and cannot determine the equivalent causes.



5 Conclusion

To sum up, the ASIR of neonatal disorders remained steady globally during the study period, while the ASDR and ASR-DALYs displayed a more modest decline on the whole in this period, but the differences between countries and regions needed to be taken into account. Whether in high- or low-resource countries, neonatal disorders remained a noteworthy issue in children. The findings of quantitative changes in the burden trends of neonatal disorders since 1990 suggested that a dynamic effect of the adjustment of healthcare policy, the occurrence of crises that compromise safety, and the reduction of government medical expenditure on neonatal health was likely. It was necessary to implement a multi-pronged approach to formulate current prevention strategies and build more pertinent and concrete tactics in countries with relatively higher ASIR, ASDR, or ASR-DALYs to prevent and control the increasing burden of neonatal disorders.
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