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Abstract 

Background Neonatal health is a cornerstone for the healthy development of the next generation and a driv-
ing force for the progress of population and society in the future. Updated information on the burden of neonatal 
disorders (NDs) are of great importance for evidence-based health care planning in China, whereas such an estimate 
has been lacking at national level. This study aims to estimate the temporal trends and the attributable burdens of 
selected risk factors of NDs and their specific causes in China from 1990 to 2019, and to predict the possible trends 
between 2020 and 2024.

Methods Data was explored from the Global Burden of Disease study (GBD) 2019. Six measures were used: inci-
dence, mortality, prevalence, disability-adjusted life years (DALYs), years lived with disability (YLDs), and years of life 
lost (YLLs). Absolute numbers and age-standardized rates (with 95% uncertainty intervals) were calculated. The spe-
cific causes of NDs mainly included neonatal preterm birth (NPB), neonatal encephalopathy due to birth asphyxia and 
trauma (NE), neonatal sepsis and other neonatal infections (NS), and hemolytic disease and other neonatal jaundice 
(HD). An autoregressive integrated moving average (ARIMA) model was used to forecast disease burden from 2020 to 
2024.

Results There were notable decreasing trends in the number of deaths (84.3%), incidence (30.3%), DALYs (73.5%) 
and YLLs (84.3%), while increasing trends in the number of prevalence (102.3%) and YLDs (172.7%) from 1990 to 2019, 
respectively. The corresponding age-standardized rates changed by -74.9%, 0.1%, -65.8%, -74.9%, 86.8% and 155.1%, 
respectively. Four specific causes of NDs followed some similar and different patterns. The prediction results of the 
ARIMA model shown that all measures still maintained the original trends in the next five years. Low birth weight, 
short gestation, ambient particulate matter pollution and household air pollution from solid fuels were the four lead-
ing risk factors.
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Conclusion The health burden due to NDs is declining and is likely to continue to decline in the future in China. 
Delaying the increasing burden of disability may be the next target of concern. Targeted prevention and control strat-
egies for specific causes of NDs are urgently needed to reduce the disease burden.
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Introduction
Neonatal health is of significant public health concern 
worldwide, which reflects multiple aspects of societal 
wellbeing [1]. Sustainable Development Goal (SDG) 3.2 
specifically calls to [2], “By 2030, end preventable deaths 
of newborn babies and children under five years of age, 
with all countries aiming to reduce neonatal mortality to 
at least as low as 12 per 1000 live births and under-five 
mortality to at least as low as 25 per 1000 live births.” The 
targets have greatly promoted the development of neona-
tal health services in most countries and regions around 
the world [3–5].

Neonatal disorders (NDs) were a critical part of the 
SDG, and the disease burden of NDs was comprehen-
sively assessed and quantified by the Global Burden of 
Disease study (GBD). A previous study reported a plateau 
and decreasing changing trend in the incidence and mor-
tality of NDs globally from 1990 to 2019, respectively, 
and it indicated that low and middle socio-demographic 
index (SDI) settings undertook the heaviest burden [6]. 
The population of China represented almost one fifth of 
the global population. All the world will be vitally affected 
by the development of neonatal health in China, even if 
it affects no one outside China [7]. Besides, the context 
of rapid ageing and decreasing fertility further compli-
cated the situation of neonatal health care in China [8]. 
Shao et al. reported for the first time that disease burden 
indicators for NDs in China showed a decreasing trend 
between 1990 and 2010, and demonstrated the need to 
focus on the prognosis of NDs while improving neonatal 
survival [9]. However, an updated comparison of risk fac-
tors and more precise understanding of the disease bur-
den of NDs and their specific causes in China were scarce 
at national level.

We will address this gap by conducting detailed analy-
sis and reasonable prediction of disease burden through 
examining incidence, prevalence, death, disability-
adjusted life years (DALYs), years lived with disability 
(YLDs) and years of life lost (YLLs), as well as analyz-
ing corresponding risk factors of NDs at national level. 
In this study, we have three objectives. First, we aim to 
present detailed, comprehensive numerical assessment 
and trend analysis of progress towards the burden of NDs 
and their specific causes in China over the past three 
decades to highlight successes and potential focus areas 
for improvement. Second, we aim to reflect the possible 

trend of the disease burden of NDs in China in the next 
five years. Third, we aim to provide vital information and 
background for prevention and treatment that aim to 
reduce the disease burden of NDs in China by highlight-
ing the corresponding risk factors.

Methods
Overview of GBD 2019 and disease definition
The GBD 2019 provides a systematic and comprehen-
sive assessment for a mutually exclusive and collectively 
exhaustive list of diseases and injuries at global, national, 
and subnational levels from 1990 to 2019 [10]. The GBD 
collaborators collect related data sources from field sur-
veys, censuses, vital statistics, and other health-related 
data sources. Details of the data, methodology used, 
and statistical modeling for the GBD 2019 have been 
described elsewhere [10, 11]. The overall disease burden 
of NDs and corresponding attributable risk factors from 
1990 to 2019 were explored through the Global Health 
Data Exchange query tool (http:// ghdx. healt hdata. org/ 
gbd- resul ts- tool). Based on the GBD 2019, the specific 
causes of NDs mainly included [10]:

(1) neonatal preterm birth (NPB);
(2) neonatal encephalopathy due to birth asphyxia and 

trauma (NE);
(3) neonatal sepsis and other neonatal infections (NS);
(4) hemolytic disease and other neonatal jaundice 

(HD).

Measures of disease burden
In this study, we used six measures (including incidence, 
mortality, prevalence, DALYs, YLDs and YLLs) to reflect 
the disease burden of NDs. The definition and calcula-
tion methods of these measures were described in detail 
in previous study [10]. We also reported the point esti-
mates and 95% uncertainty interval (UI) in this study. The 
95% UI was obtained by repeatedly sampling the sample 
1000 times, whose upper and lower bounds were derived 
based on the 2.5th and 97.5th percentiles of the uncer-
tainty distribution [10]. Besides, age-standardized esti-
mates were performed using a global age structure from 
2019 [12].

http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
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Attributable risk factors
Both attributable number and attributable age-stand-
ardized rate of death, DALYs, YLDs and YLLs were esti-
mated for the following 5 categories of risk factors: all 
risk factors, low birth weight, short gestation, ambient 
particulate matter pollution, and household air pollution 
from solid fuels. Population attributable fraction (PAF) 
was calculated by attributable number of selected risk 
factors based on comparative risk assessment (CRA) [13]. 
The PAF is defined as the percentage of a disease that will 
be eliminated if a certain risk factor is eliminated. Attrib-
utable burden was calculated by multiplying the cause 
measure in question by the PAF [13].

Statistical analysis
The autoregressive integrated moving average (ARIMA) 
(p, d, q) model was applied to forecast the disease burden 
of NDs from 2020 to 2024. Three parameters (p, d, and 
q) represented the orders of autoregression, degree of dif-
ference, and order of moving average, respectively. More 
details of this model were described elsewhere [14]. We 
first performed logarithmic transformation on the origi-
nal data and differential processing on the time series (if 
necessary). The Augmented Dickey–Fuller (ADF) test 
was used to ensure that the series was stationary, and the 
autocorrelation function (ACF) and the partial autocor-
relation function (PACF) were used to identify the appro-
priate model parameters (p and q). We selected the best 
ARIMA (p, d, q) models by the Akaike information crite-
rion (AIC) and the Bayesian information criterion (BIC) 
to predict the disease burden of NDs from 2020 to 2024. 
The Ljung–Box Q test was used to determine that the 
residuals of the selected models satisfied an independent 
normal distribution.

All the analyses and graphics were produced with the R 
statistical program (version 4.0.3).

Results
Mortality, incidence and prevalence
Table 1; Figs. 1 (A, B, C) and 2 (A, B, C) showed the over-
all number and age-standardized rate of NDs and per-
centage changes by gender in China from 1990 to 2019. 
Over the past three decades studied here, mortality and 
incidence decreased: mortality by 84.3% (95% UI: 81.1–
87.0%), incidence by 30.3% (24.4–35.9%); while preva-
lence increased by 102.3% (78.6–132.8%). In 1990, the 
estimated numbers of deaths, incidence, and prevalence 
nationwide in China from NDs were 0.29 million (0.25 to 
0.32), 2.99 million (2.61 to 3.44), and 6.78 (6.16 to 7.38), 
respectively. In 2019, the values of the above three meas-
ures were 0.04 million (0.04 to 0.05), 2.09 (1.72 to 2.52), 
and 13.72 (11.98 to 15.74). As for different gender groups, 

the number of deaths for males were higher than for 
females. However, there are no significant differences in 
the number of incidence and prevalence between males 
and females. Similar patterns can be observed in the four 
specific causes of NDs (Tables S1-S4, Figs. S1-S4 (A, B, 
C)).

When standardized by age, mortality, incidence and 
prevalence rate changed differently, there were both 
increases and decreases. The age-standardized mortal-
ity rate decreased by 74.9% (69.8–79.3%) during these 30 
years, while the age-standardized incidence and preva-
lence rate increased by 0.1% (-3.1–21.5%) and 86.8% 
(65.5–113.8%) during these 30 years, respectively. In 
addition, it can be observed that the age-standardized 
incidence rate of NDs showed an unstable fluctuation 
over the past three decades. NS, one specific cause of 
NDs, showed an obvious growth trend, whereas other 
subcategories of NDs showed downward trends. Some 
different patterns can also be seen in the subcategories of 
NDs (Tables S1-S4, Figs. S5-S8 (A, B, C)).

DALYs, YLDs and YLLs
Over the past three decades, the number of all-age 
DALYs and YLLs of NDs decreased by 73.5% (68.8–
77.5%), and 84.3% (81.1–87.0%), respectively, while the 
number of all-age YLDs increased by 172.7% (121.6–
234.4%) (Table  1; Figs.  1 (D, E, F) and 2 (D, E, F)). The 
number of DALYs decreased from 26.49 million (23.58 to 
29.52) in 1990 to 7.02 million (6.15 to 8.04) in 2019. The 
age-standardized DALYs rates decreased by 65.8% (59.7–
70.7%) from 1990 to 2019. Likewise, the number of YLLs 
decreased from 25.38 million (22.56 to 28.38) in 1990 to 
3.99 million (3.41 to 4.61) in 2019. The age-standardized 
YLLs rates decreased by 74.9% (69.8–79.3%) from 1990 
to 2019. However, the raw number of YLDs followed a 
different pattern, increasing from 1.11  million (0·84 to 
1.45) in 1990 to 3.03 million (2.34 to 3.83) in 2019. The 
age-standardized YLDs rate increased by 155.1% (108.5–
211.3%) from 1990 to 2019. Over the past three decades, 
the number of DALYs and YLLs for males were higher 
than for females. However, once counts were converted 
to age-standardized rates, these differences of all meas-
ures were not observed. Further, four specific causes of 
NDs followed some similar and different patterns (Tables 
S1-S4, Figs. S1-S8 (D, E, F)).

Prediction of age‑standardized rate by ARIMA models
In this study, the data and time series needed to be 
transformed and differentiated to make them steady-
state sequences, which supported by the results of the 
ADF test. The selected optimal ARIMA model parame-
ters and corresponding AIC and BIC were described in 
the Table S9. The residuals of all models failed to pass 
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the significance test, which indicated that the selected 
models can well fit the data. The forecast results of age-
standardized rate from 2020 to 2024 were shown in 
Table 2. From 2020 to 2024, the age-standardized rate 
of mortality, DALYs and YLLs of NDs showed down-
ward trends, and their estimated values were predicted 
to decrease to 3.9 per 100,000 (-1.7 to 9.6), 592.4 per 
100,000 (83.5 to 1101.2), and 349.0 per 100,000 (-156.1 
to 854.1) in 2024, respectively. On the contrary, the 
age-standardized rate of incidence, prevalence and 
YLDs would increase to 300.1 per 100,000 (275.8 to 
324.5), 1227.7 per 100,000 (1057.5 to 1397.8) and 245.7 
per 100,000 (224.0 to 267.4) in 2024, respectively. The 
forecast results for four specific causes of NDs from 
2020 to 2024 were shown in Tables S5-S8.

Attributable burden by selected risk factors
Attributable number and attributable age-standardized 
rate of mortalities, DALYs, YLDs and YLLs were esti-
mated in different gender groups in 2019 for the 5 risk 
factors examined here as shown in Table  3. The attrib-
utable number of deaths for NDs including all risk fac-
tors was 0.04  million (0.03 to 0.04). For DALYs, it was 
4.26 million (3.79 to 4.84). For YLDs, it was 1.12 million 
(0.87 to 1.40), and 3.13  million (2.68 to 3.63) for YLLs. 
The attributable age-standardized rates of mortalities, 
DALYs, YLDs and YLLs were 4.9 (4.1 to 5.6), 520.6 (458.9 
to 594.0), 85.3 (66.5 to 106.4), and 435.2 (372.3 to 504.7) 
per 100,000 in 2019, respectively. Of these four subtypes 
of all risk factors, low birth weight and short gestation 
were the two major risk factors for NDs of all the four 
indicators in both attributable number or attributable 

Table 1 All-age number and age-standardized rate of all measures for neonatal disorders and percentage changes by gender in 
China, 1990 and 2019

Abbreviations: UI Uncertainty interval, DALYs Disability-adjusted life years, YLDs Years lived with disability, YLLs Years of life lost

Measures All‑age number in thousands (95% UI) Age‑standardized rate, per 100,000 (95% UI)

1990 2019 Change, % 1990 2019 Change, %

Deaths

 Total 285.9 (254.2, 319.8) 44.9 (38.4, 52.0) -84.3 (-87.0, -81.1) 24.8 (22.0, 27.7) 6.2 (5.3, 7.2) -74.9 (-79.3, -69.8)

  Male 162.4 (142.6, 183.1) 26.5 (22.1, 31.0) -83.7 (-87.0, -80.1) 26.5 (23.3, 29.9) 6.8 (5.7, 7.9) -74.4 (-79.5, -68.6)

  Female 123.5 (110.6, 137.0) 18.5 (21.0, 16.0) -85.0 (-87.4, -82.2) 22.8 (20.4, 25.3) 5.6 (4.8, 6.3) -75.6 (-79.5, -71.0)

Incidence

 Total 2991.5 (2617.0, 3441.2) 2085.6 (1721.2, 2517.7) -30.3 (-35.9, -24.4) 259.5 (227.0, 298.5) 290.9 (240.2, 350.8) 0.1 (-3.1, 21.5)

  Male 1631.6 (1428.8, 1886.0) 1117.1 (922.3, 1348.1) -31.5 (-37.0, -25.9) 266.8 (233.6, 308.3) 289.2 (238.9, 348.6) 8.4 (-0.3, -17.2)

  Female 1359.9 (1194.7, 1557.4) 968.5 (800.1, 1173.1) -28.8 (-35.0, -22.5) 251.2 (220.7, 287.7) 292.9 (242.0, 354.5) 16.6 (6.3, 26.9)

Prevalence

 Total 6784.4 (6155.3, 7382.4) 13717.0 (11982.3, 
15739.2)

102.3 (78.6, 132.8) 568.7 (516.8, 618.4) 1062.5 (936.0, 1213.5) 86.8 (65.5, 113.8)

  Male 3544.5 (3203.8, 3900.2) 6803.9 (5976.5, 7846.8) 92.0 (68.1, 122.8) 571.9 (517.7, 629.1) 1032.9 (911.4, 1185.6) 80.6 (58.9, 108.4)

  Female 3236.9 (2909.9, 3560.4) 6913.1 (6027.6, 7991.0) 113.6 (85.6, 147.8) 565.3 (509.0, 621.4) 1093.3 (961.4, 1259.0) 93.4 (69.1, 122.7)

DALYs

 Total 26489.9 (23582.5, 
29517.7)

7017.5 (6148.7, 8043.7) -73.5 (-77.5, -68.8) 2289.8 (2036.3, 
2552.2)

782.6 (698.6, 886.7) -65.8 (-70.7, -59.7)

  Male 14980.6 (13209.1, 
16833.8)

3850.2 (3368.5, 4408.6) -74.3 (-78.5, -69.3) 2444.0 (2155.2, 
2747.5)

827.4 (718.9, 947.8) -66.1 (-71.8, -59.4)

  Female 11509.3 (10340.2, 
12724.2)

3618.6 (2770.2, 3618.6) -72.5 (-76.7, -67.8) 2115.4 (1901.9, 
2340.0)

729.3 (650.1, 819.6) -65.5 (-70.3, -60.0)

YLDs

 Total 1110.6 (844.5, 1454.6) 3028.3 (2339.2, 3829.3) 172.7 (121.6, 234.4) 90.4 (68.7, 117.9) 230.6 (177.0, 291.7) 155.1 (108.5, 211.3)

  Male 565.9 (427.4, 746.9) 1502.6 (1154.4, 1893.7) 165.5 (115.6, 227.3) 88.6 (67.0, 116.5) 224.6 (173.2, 283.5) 153.6 (105.8, 211.2)

  Female 544.7 (416.2, 711.2) 1525.7 (1175.6, 1938.0) 180.1 (128.0, 240.1) 92.4 (70.7, 120.6) 236.6 (182.3, 298.9) 156.2 (109.9, 211.3)

YLLs

 Total 25379.3 (22564.9, 
28384.9)

3989.2 (3409.9, 4610.7) -84.3 (-87.0, -81.1) 2199.4 (1955.4, 
2459.7)

552.0 (471.8, 637.9) -74.9 (-79.3, -69.8)

  Male 14414.7 (12664.0, 
16254.0)

2347.6 (1957.3, 2748.7) -83.7 (-87.0, -80.1) 2355.4 (2069.5, 
2655.7)

602.7 (502.7, 705.5) -74.4 (-79.5, -68.7)

  Female 10964.6 (9821.5, 
12161.0)

1641.6 (1424.6, 1865.0) -85.0 (-87.4, -82.2) 2023.0 (1812.4, 
2244.2)

492.7 (427.8, 559.6) -75.6 (-79.5, -71.0)
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age-standardized rate (Table 3; Fig. 3). These results were 
regardless of gender. This pattern was consistent in four 
specific causes of NDs (Tables S10-S13).

Discussion
This population-based nationwide epidemiologic study 
provided an updated information for disease burden of 
NDs in China from 1990 to 2019. We found that the bur-
den of death from NDs decreased substantially, while the 
burden of disability increased from year 1990 to 2019. In 
addition, the present research predicted that this trend 
will be continued in the next five years.

NDs may have the same impact on males and females 
in China. Mounting evidence seemed to provide some 
conflicting information about gender difference in neo-
natal mortality [15–17]. However, a study from South 
Asia highlighted an important point of stratified analysis 
by early and late neonatal period [18]. The gender differ-
ences in the burden of NDs may be affected by physio-
logical and genetic factors, as well as social factors [18]. 
Considering the results of our current study, it is not 
clear whether there is a similar gender difference pattern 
of NDs in China.

A previous study reported that the incident trend of 
NDs was relatively stable (changes: -0.26%), while the 

Fig. 1 The trend of all-age number of all six measures for neonatal disorders in China from 1990 to 2019. A Deaths; B incidence; C prevalence; 
D DALYs; E YLDs; F YLLs
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burden of death showed a downward trend (changes: 
37.38%) globally from 1990 to 2019 [6]. China has also 
made encouraging progress in reducing the burden of 
NDs over the past three decades in this study. Neonatal 
health is an essential part of assessing the health status 
of a country or region as it is the starting point of life, 
which is closely linked with the health of the whole life-
cycle. This focus is integrated in the visions of both the 
SDG 3.2 and the Healthy China 2030 agenda [8]. Of 204 
countries, a reference scenario suggested that, by 2030, 
139 (68%) were likely to meet the neonatal mortality rate 
SDG target [1]. In fact, more than 90% of countries have 
the potential to achieve the SDG target by strengthening 

quality health systems, scaling up interventions, address-
ing within-country disparities, and pursuing integrative 
action on social determinants of health [1, 5]. China pro-
vides an important reference for neonatal health in many 
developing countries around the world, and the most 
notable contributors in China to the achievements in 
neonatal health are strong political will to focus on new-
borns and improvements in gender equity [19]. Another 
major achievement is the establishment of national infor-
mation systems of maternal and child health, which pro-
vide information for the development of key maternal 
and child health policies in China, including social health 
insurance and poverty alleviation [8, 20]. Increased 

Fig. 2 The trend of age-standardized rate of all six measures for neonatal disorders in China from 1990 to 2019. A Mortality rate; B incidence rate; 
C prevalence rate; D DALYs rate; E YLDs rate; F YLLs rate
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hospital delivery rates, improved resuscitation skills, and 
the development of neonatal intensive care have all con-
tributed to the reduction of neonatal deaths [8], but the 
burden of disease in the neonatal stage requires not only 
improving neonatal survival but also requires further 
attention. It is worth noting that delaying the increasing 
burden of disability may be China’s next priority.

In this study, the specific causes of NDs were also 
explored. Inconsistent patterns of disease burden were 
observed in some subcategories of NDs, suggesting dif-
ferences in etiology and pathophysiology among these 
causes. Therefore, the current study highlights the 
importance of targeted measures for the control and 
management of specific causes of NDs. NPB is a major 
contributor to the heavy disease burden of NDs. The 
low preterm birth rate in pregnant women might have 
benefited from health care reform over the past decade 
in China [12]. However, the universal two-child policy 
came into effect on October 29, 2015, which may have 
contributed to the increase in the number of NPB (Fig-
ure S1 (B)). Many cases of NE, and the often-resultant 
neonatal death or stillbirth, are likely to result from a 

complex multifactorial pathway to brain injury to which 
hypoxia-ischemia substantially contributes [21]. The 
universal two-child policy also further complicated the 
epidemiological characteristics of NS in China. It can be 
observed that the main contributor of disease burden of 
NS changed from death to disability over the past three 
decades (Figure S3 (E, F)). Ameliorating the possible 
complications of NS may be a major goal in reducing the 
burden of disease [22]. Evidently, although HD may be 
less prevalent than entities like other specific causes, it 
remains an important way to reduce the burden of NDs.

The present study suggests that paying more atten-
tion to low birth weight, short gestation is a key way to 
reduce the burden of NDs. In preterm babies with very 
low birth weight, perinatal hypoxia induced by imma-
ture lung development, leads to abnormal growth and 
maturation of susceptible cell types, particularly neu-
rons and oligodendrocytes, which are associated with 
decreased cerebral and cerebellar volumes and increases 
in cerebral ventricular size [23]. In preterm and very low 
birth weight infants, the important pathogens associ-
ated with early-onset NS are Streptococcus agalactiae 

Table 2 Prediction of age-standardized rate (per 100,000) of all six measures for neonatal disorders for the next 5 years according to 
ARIMA models with 95% confidence interval in China

Abbreviations: DALYs Disability-adjusted life years, YLDs Years lived with disability, YLLs Years of life lost

Measures 2020 2021 2022 2023 2024

Deaths

 Both 5.7 (4.9, 6.5) 5.3 (3.5, 7.0) 4.8 (1.9, 7.7) 4.3 (0.1, 8.5) 3.9 (-1.7, 9.6)

 Male 6.2 (5.4, 7.1) 5.7 (3.9, 7.6) 5.2 (2.2, 8.3) 4.7 (0.2, 9.2) 4.2 (-1.8, 10.3)

 Female 5.1 (4.4, 5.8) 4.7 (3.1, 6.3) 4.3 (1.6, 6.9) 3.9 (0, 7.7) 3.5 (-1.6, 8.7)

Incidence

 Both 295.1 (289.3, 301.0) 296.4 (283.7, 309.1) 297.6 (280.4, 314.8) 298.9 (277.9, 319.9) 300.1 (275.8, 324.5)

 Male 290.6 (284.2, 297.1) 292.1 (282.6, 301.7) 293.6 (281.3, 306.0) 295.1 (280.3, 310.0) 296.6 (279.3, 314.0)

 Female 297.7 (291.8, 303.6) 299.7 (286.9, 312.5) 301.7 (284.1, 319.3) 303.7 (282.0, 325.3) 305.6 (280.2, 331.1)

Prevalence

 Both 1088.5 (1082.0, 1094.9) 1118.0 (1094.0, 1142.0) 1151.0 (1095.4, 1206.6) 1187.6 (1084.0, 1291.2) 1227.7 (1057.5, 1397.8)

 Male 1057.1 (1050.5, 1063.8) 1084.9 (1061.2, 1108.5) 1116.0 (1062.4, 1169.5) 1150.5 (1051.9, 1249.0) 1188.4 (1027.8, 1348.9)

 Female 1123.0 (1115.9, 1130.1) 1158.3 (1132.0, 1184.6) 1199.2 (1138.5, 1259.8) 1245.6 (1132.8, 1358.4) 1297.7 (1112.5, 1482.8)

DALYs

 Both 744.5 (675.9, 813.1) 706.5 (553.0, 859.9) 668.4 (411.7, 925.2) 630.4 (254.6, 1006.2) 592.4 (83.5, 1101.2)

 Male 785.4 (711.8, 859.1) 743.5 (578.9, 908.2) 701.6 (426.1, 977.1) 659.7 (256.5, 1063.0) 617.8 (71.8, 1163.9)

 Female 695.7 (632.9, 758.4) 662.1 (521.7, 802.5) 628.5 (393.6, 863.4) 595.0 (251.1, 938.8) 561.4 (95.8, 1027.0)

YLDs

 Both 232.7 (230.9, 234.5) 235.2 (229.1, 241.3) 238.3 (226.8, 249.9) 241.9 (225.1, 258.7) 245.7 (224.0, 267.4)

 Male 226.3 (224.3, 228.3) 228.1 (221.6, 234.7) 230.8 (218.5, 243.1) 233.9 (216.1, 251.8) 237.4 (214.3, 260.4)

 Female 239.9 (238.1, 241.8) 244.0 (238.3, 249.6) 248.5 (238.0, 259.0) 253.4 (237.7, 269.0) 258.3 (237.9, 278.7)

YLLs

 Both 511.3 (443.2, 579.4) 470.7 (318.4, 623.0) 430.1 (175.3, 685.0) 389.6 (16.5, 762.6) 349.0 (-156.1, 854.1)

 Male 558.3 (485.3, 631.3) 513.9 (350.7, 677.2) 469.5 (196.4, 742.7) 425.2 (25.3, 825.0) 380.8 (-160.5, 922.2)

 Female 456.4 (394.0, 518.9) 420.3 (280.7, 559.9) 384.1 (150.6, 617.7) 348.0 (6.1, 689.8) 311.8 (-151.0, 774.7)
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and Escherichia coli [22]. Besides, oxidative stress, DNA 
methylation, mitochondrial DNA content alteration, and 
endocrine disruptions may all play an important role in 
environmental pollution induced adverse effects to preg-
nant women and fetuses [24]. Limited by incomplete 
survey data and lack of various types of indicators, addi-
tional measures for specific causes should also be consid-
ered. Basic activities include chlorhexidine umbilical cord 
cleansing for NS prevention, intensive care for prematu-
rity, and advanced resuscitation for intrapartum asphyxia 

[1, 25, 26]. A recent study from China showed a high level 
of Particulate Matter 2.5 (PM 2.5) pollution exposure 
in China, and environmental PM 2.5 concentration was 
positively and strongly correlated with neonatal disease 
burden [27]. Even though the burden of NDs attribut-
able to ambient particulate matter pollution had declined 
significantly, China still had a serious environmental pol-
lution problem. Several studies had also shown that PM 
2.5 exposure during pregnancy had adverse effects on 
neonatal health and resulted in adverse outcomes such 

Table 3 Points estimated and 95% uncertainty interval of attributable number and age-standardized rate of risk factors for neonatal 
disorders by gender in China, 2019

Abbreviations: DALYs Disability-adjusted life years, YLDs Years lived with disability, YLLs Years of life lost

Measures All risk factors Low birth weight Short gestation Ambient particulate 
matter pollution

Household air 
pollution from solid 
fuels

Attributable number in thousands
 Deaths

  Both 35.3 (30.2, 40.9) 32.0 (27.3, 37.1) 30.1 (25.8, 35.0) 4.4 (3.3, 5.5) 1.7 (1.0, 2.6)

  Female 14.6 (12.7, 16.5) 13.3 (11.6, 15.2) 12.6 (11.0, 14.4) 1.8 (1.3, 2.4) 0.7 (0.4, 1.1)

  Male 20.7 (17.3, 24.5) 18.7 (15.7, 22.1) 17.5 (14.8, 20.8) 2.5 (1.8, 3.4) 1.0 (0.5, 1.6)

 DALYs

  Both 4256.8 (3791.8, 4840.8) 3966.2 (3526.5, 4504.3) 3799.8 (3376.5, 4328.6) 387.3 (292.4, 487.6) 148.6 (84.8, 235.1)

  Female 1865.7 (1663.2, 2098.6) 1752.7 (1553.4, 1977.7) 1693.0 (1496.6, 1910.3) 161.9 (116.9, 209.2) 61.6 (33.9, 99.0)

  Male 2391.0 (2092.4, 2747.7) 2213.5 (1941.6, 2537.3) 2106.7 (1843.2, 2423.0) 225.4 (160.8, 298.4) 87.0 (47.0, 140.0)

 YLDs

  Both 1123.5 (873.9, 1404.5) 1123.1 (873.4, 1404.0) 1123.1 (873.4, 1404.0) 0.6 (0.4, 0.8) 0.2 (0.1, 0.3)

  Female 571.1 (444.7, 718.2) 570.8 (444.5, 718.0) 570.8 (444.5, 718.0) 0.3 (0.2, 0.4) 0.1 (0.1, 0.2)

  Male 552.3 (431.5, 692.1) 552.3 (431.5, 692.1) 552.3 (431.5, 692.1) 0.3 (0.2, 0.5) 0.1 (0.1, 0.2)

 YLLs

  Both 3133.2 (2680.6, 3632.0) 2843.1 (2424.9, 3289.6) 2676.7 (2288.1, 3108.8) 386.7 (291.6, 486.8) 148.4 (84.7, 234.8)

  Female 1294.7 (1126.6, 1469.7) 1181.8 (1030.1, 1345.6) 1122.2 (973.4, 1282.6) 161.6 (116.6, 208.9) 61.6 (33.9, 98.9)

  Male 1838.5 (1534.1, 2171.2) 1661.2 (1391.4, 1962.4) 1554.5 (1294.6, 1844.4) 225.1 (160.4, 298.1) 86.8 (46.9, 139.8)

Attributable age‑standardized rate per 100,000
 Deaths

  Both 4.9 (4.1, 5.6) 4.4 (3.7, 5.1) 4.1 (3.5, 4.8) 0.6 (0.4, 0.7) 0.2 (0.1, 0.3)

  Female 4.3 (3.8, 4.9) 4.0 (3.4, 4.5) 3.8 (3.2, 4.3) 0.5 (0.3, 0.7) 0.2 (0.1, 0.3)

  Male 5.3 (4.4, 6.3) 4.8 (4.0, 5.6) 4.5 (3.7, 5.3) 0.6 (0.4, 0.8) 0.3 (0.1, 0.4)

 DALYs

  Both 520.6 (458.9, 594.0) 480.0 (424.3, 547.2) 456.9 (403.2, 521.7) 54.0 (40.7, 68.0) 20.7 (11.8, 32.7)

  Female 477.9 (425.9, 536.9) 443.7 (397.9, 500.5) 425.8 (381.0, 479.9) 48.9 (35.3, 63.2) 18.6 (10.2, 29.9)

  Male 556.7 (480.7, 644.9) 510.8 (441.0, 589.6) 483.1 (417.4, 561.5) 58.3 (41.6, 77.2) 22.5 (12.1, 36.2)

 YLDs

  Both 85.3 (66.5, 106.4) 85.2 (66.4, 106.3) 85.2 (66.4, 106.3) 0.1 (0.1, 0.1) 0 (0, 0)

  Female 87.9 (68.0, 109.9) 87.8 (68.0, 109.8) 87.8 (68.0, 109.8) 0.1 (0.1, 0.1) 0 (0, 0)

  Male 82.7 (64.2, 103.3) 82.7 (64.2, 103.2) 82.7 (64.2, 103.2) 0.1 (0.1, 0.1) 0 (0, 0)

 YLLs

  Both 435.2 (372.3, 504.7) 394.8 (336.7, 456.3) 371.6 (317.7, 431.5) 53.9 (40.7, 67.9) 20.6 (11.8, 32.7)

  Female 390.0 (339.4, 442.9) 355.9 (310.3, 405.3) 337.9 (293.0, 386.2) 48.8 (35.3, 63.2) 18.6 (10.2, 29.8)

  Male 473.9 (395.6, 559.6) 428.0 (358.5, 505.5) 400.4 (333.4, 475.0) 58.3 (41.5, 77.2) 22.4 (12.1, 36.1)
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as preterm birth, low birth weight, neonatal death, and 
impaired lung development [28–30]. Further increases 
in environmental pollution treatment and control may be 
more helpful in reducing the burden of NDs.

This study provided timely information on the inci-
dence, prevalence, mortality, DALYs, YLDs, YLLs and 
the main risk factors of NDs in China from 1990 to 
2019, and reasonably predicted the disease burden in 
the next five years. The methodology was widely used 
in GBD studies and had shown its robustness. Admit-
tedly, several limitations should be acknowledged. First, 
the limitations of the GBD 2019 still exist, which have 
been described in mounting previous study. Second, 
specific reasons for regional and provincial disease bur-
den differences remain unclear and require more fur-
ther investigation. There are still differences in health 
issues and access to health care providers and services 

among provinces, and evidence-based health decision-
making at the provincial level is crucial in China. Third, 
our future health scenario analyses are benchmarked 
against past trends, suggesting that the predicted val-
ues are limited in its ability to capture disruptions that 
could arise as a consequence of future crises, such as 
the COVID-19 pandemic. Thankfully, although chil-
dren have been found to be at risk of developing multi-
system inflammatory syndrome as result of COVID-19 
pandemic, they appear to be less at risk of severe ill-
ness and death [1, 31]. However, there is still a need to 
respond to the negative impact of the COVID-19 pan-
demic on newborns.

Conclusion
The health burden due to NDs is declining and is likely 
to continue to decline in the future in China. Delay-
ing the increasing burden of disability may be the next 

Fig. 3 Age-standardized percentage of attributable number of risk factors of four measures for neonatal disorders by gender in China, 2019. A low 
birth weight; B short gestation; C ambient particulate matter pollution; D household air pollution from solid fuels 
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target of concern. More attention should be paid to the 
management of risk factors including low birth weight, 
short gestation, ambient particulate matter pollution and 
household air pollution from solid fuels. Targeted pre-
vention and control strategies for specific causes of NDs 
are urgently needed to reduce the disease burden.
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