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Abstract 
Objectives: This research analyzed trends of the mortality spectrum resulted from dynamics of the health care 
service for children under 5 years. 

Methods: It was sampled 23 surveillance sites to establish a population-based surveillance network for children 
under 5 years by implementing a multistage randomized, stratified and cluster sampling since 1990 in Hubei 
province of China. 

Results: Among children under 5 years, the mortality rates of pneumonia, birth asphyxia, preterm birth/low birth 
weight and accidental asphyxia declined from 12.9, 6.6, 4.3 and 3.5 in 1990 to 0.9, 0.7, 1.1 and 0.7 per 1,000 live 
births in 2015 respectively, and manifested a distinguished milestone at which pneumonia and birth asphyxia had 
been replaced by preterm birth/low birth weight after 2005 (P<0.05). The death proportions of pneumonia and 
birth asphyxia decreased from 22.2% and 11.4% in 1990 to 10.3% and 7.7% in 2015, while the death proportions 
of preterm birth/low birth weight and accidental asphyxia increased from 7.4% and 6.0 % in 1990 to 12.9% and 
8.6% in 2015 accordingly. The proportions of clinical diagnosis, emergence treatment and death place at the 
county/district hospitals increased from 9.0%, 27.4% and 28.7% in 1990 to 75.5%, 67.7% and 60.4% in 2015, 
and had the significant differences between 1990 and 2015 in Hubei province (P<0.01). 

Conclusions: It was suggested that the trends of the mortality spectrum were mainly due to the improvement of 
the health care service for children under 5 years in Hubei province. 
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1. Introduction 
Since child health and wellbeing continued to be one of the internationally recognized health challenges, the 
government of China formulated the National Program of Action for Child Development in which 
under-5-mortality rate (U5MR) decreased one-third from 1990 to 2000, one-fifth from 2000 to 2010 respectively. 
Furthermore, the United Nations proposed the Millennium Development Goal 4 (MDG4) in which U5MR 
reduced two-thirds from 1990 to 2015 (Julie, Linda, Alan, & Christopher, 2010; Robert et al., 2010; You, 
Wardlaw, Salama, & Jones, 2010). 

However, there have been rare longitudinal reports on the mortality spectrum of the primary death causes for 
children under 5 years during a 25-year period in many countries. The government of China established a 
nationwide surveillance network in 1990 to monitor the mortality rates of the primary death causes for children 
under 5 years (Wang et al., 2011). Therefore, it possessed the considerable application value, and provided the 
precious history data on child health and development in China. 
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This research was aimed to analyze the trends of the mortality spectrum of the major death causes, to provide the 
scientific basis for the government at all levels to develop the necessary policies of maternal and child health in 
Hubei province. 

2. Methods 
2.1 Surveillance Network 

Hubei province is situated in the central region of China, and flowed through by the Yangtze River which is the 
third longest one around the world. In this research, it has been sampled 23 surveillance sites (1 metropolis, 4 
middle cities and 18 counties) to establish a population-based surveillance network for children under 5 years by 
implementing a multistage randomized, stratified and cluster sampling since 1990. This network had a large 
surveillance population of 4 millions who was in accordance with the demographic and geographic features in 
Hubei province of China.  

All live births are defined as fetuses born more than 28 gestational weeks or 1,000 gram birth weight with at 
least one of the following vital signs: heartbeat, breathing, pulsation of umbilical cord or contraction of voluntary 
muscle. All mortalities of children under 5 years are classified as children dying from live birth to their fifth 
birthday. In this research, all information about live births and child mortalities were from their mothers who 
have been permanent residents, or who have lived in the surveillance areas for more than one year. Meanwhile, 
all live births and child mortalities were identified by the trained and licensed professionals of Hubei Maternal 
and Child Health Hospital (HMCHH). 

2.2 Death Classification 

The mortality code for children under 5 years was classified into 34 categories of the major death causes in 
accordance with the International Classification of Diseases, tenth edition (ICD-10), for example pneumonia, 
birth asphyxia, preterm birth/low birth weight, accidental asphyxia and the other death causes. 

2.3 Data Collection 

Based on an organization with three vertical levels of the surveillance system, the surveillance data were 
collected and reported by the trained and licensed health providers from 1990 across Hubei province. For child 
deaths inside the hospitals, the related information was collected via medical chart review. For child deaths 
outside the hospitals, the related information was collected via household visit. All data were then finally 
reported to HMCHH as the final data review of the surveillance system in Hubei province.  

2.4 Quality Control 

Quality inspection was conducted once quarterly in all the towns/streets by a sampling ratio of 100%, twice 
annually in all the counties/districts by a sampling ratio of 25%, and once annually across Hubei province by a 
sampling ratio of 10% based on the population framework. The error rates of the death diagnosis and 
questionnaire items were less than 5% and 1%, and the missing rates of the mortality and live birth reports were 
no more than 15% and 10% respectively. This research was approved by the Ethics Committee of HMCHH. 
Written informed consents were obtained from all the parents or guardians of children under 5 years. 

2.5 Statistical Analysis 

The database was managed with Visual FoxPro (VFP 6.0), and the data were analyzed by Statistical Analysis 
System (SAS 8.1). Chi-square test was utilized to examine the differences in the mortality rates and health care 
service for children under 5 years between 1990 and 2015, and P value <0.05 was considered as the statistical 
significance. 

3. Results 
3.1 Mortality Spectrum of the Primary Death Causes 

U5MR gradually declined from 58.1 in 1990 to 8.7 per 1,000 live births in 2015, and showed the dramatic 
decrease over the past 25 years in Hubei province (χ2=94.88, P<0.01). As for Hubei province, U5MR was at the 
average level from 1990 to 2015 in China. 

Among children under 5 years, the mortality rates of pneumonia, birth asphyxia, preterm birth/low birth weight 
and accidental asphyxia decreased from 12.9, 6.6, 4.3 and 3.5 in 1990 to 0.9, 0.7, 1.1 and 0.7 per 1,000 live 
births in 2015 respectively. This research manifested a distinguished milestone at which the mortality rates of 
pneumonia and birth asphyxia had been replaced by that of preterm birth/low birth weight after 2005 in Hubei 
province (P<0.05) as shown in Figure 1.  
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Figure 1. Mortality rates of the primary death causes for children under 5 years between 1990 and 2015 in Hubei 

province of China (per 1,000 live births) 

 

Primary death causes: pneumonia (χ2=142.91, P<0.01), birth asphyxia (χ2=35.68, P<0.01), preterm birth/low birth 
weight (χ2=5.82, P<0.05) and accidental asphyxia (χ2=6.37, P<0.05). Chi-square test: significant differences 
between 1990 and 2015. 
3.2 Death Proportions of the Primary Death Causes 

The death proportions of the primary death causes for children under 5 years accounted for 47.0% in 1990 and 
39.5% in 2015 respectively, and had a significant reduction from 1990 to 2015 in Hubei province. 

Among children under 5 years, the death proportions of pneumonia and birth asphyxia decreased from 22.2% and 
11.4% in 1990 to 10.3% and 7.7% in 2015, while the death proportions of preterm birth/low birth weight and 
accidental asphyxia increased from 7.4% and 6.0 % in 1990 to 12.9% and 8.6% in 2015 accordingly. This 
research also displayed the dynamic trends in which the death proportions of pneumonia and birth asphyxia were 
gradually replaced by that of preterm birth/low birth weight from 1990 to 2015 as shown in Figure 2. 
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Figure 2. Proportions of the primary death causes for children under 5 years between 1990 and 2015 in Hubei 

Province of China (%) 

 

Primary death causes: pneumonia, birth asphyxia, preterm birth/low birth weight and accidental asphyxia. The 
other death causes were excluded from the causes listed above. 

3.3 Health Care Service 

The proportions of clinical diagnosis, emergence treatment and death place at the county/district hospitals 
increased from 9.0%, 27.4% and 28.7% in 1990 to 75.5%, 67.7% and 60.4% in 2015 respectively, and there were 
the significant differences between 1990 and 2015 in Hubei province (P<0.01) as shown in Table 1.  

 

Table 1. Proportions of the health care service for children under 5 years between 1990 and 2015 in Hubei 
province of China 

Health care service 
Proportion (%) 

χ2 * P 
1990 2000 2010 2015 

Clinical 
Diagnosis 

In or above the county/district 
hospitals 

9.0 30.3 61.3 75.5 

50.18 <0.01 At the town/street health centers 31.3 26.2 14.5 6.3 

At the village health rooms 32.6 21.3 7.7 4.2 

Without diagnosis 27.1 22.2 16.5 14.0 

Emergence 
treatment 

Inpatient treatment 27.4 42.1 62.0 67.7 

52.32 <0.01 Outpatient treatment 35.2 26.2 14.9 12.0 

Without treatment 37.4 31.7 23.1 20.3 

Death place 

In or above the county/district 
hospitals 

28.7 40.7 57.7 60.4 

68.45 <0.01 
On the way to the hospitals 11.2 8.6 11.9 9.9 

At home 60.1 50.7 30.4 29.7 

* Chi-square test: significant differences between 1990 and 2015. 
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4. Discussion 
U5MR is interpreted as a measure of socioeconomic, environmental and cultural factors in a country or region 
(Walter et al., 2011). During the last two decades, child health has been steadily improving, though it still 
sustained a vast disparity in many countries. It was reported that U5MR in all the African countries was very high 
in the top ten countries, meanwhile those in all the European countries was very low in the last ten countries 
reported by several international organizations. This research manifested that U5MR in Hubei province was lower 
than those in all the developing countries which have represented the substantial progress across all the countries 
(Kenneth, Danzhen, Mie, & Mikkel, 2012; Julie et al., 2010). 

However, U5MR has a close correlation with the internal structure of the death causes for children under 5 years. 
Bourgeois recognized that the death causes were classified as the endogenous causes (for example birth asphyxia, 
preterm birth/low birth weight) and the exogenous causes (for example pneumonia) in accordance with the 
preventable degree of the mortality spectrum in children under 5 years. The endogenous causes were caused by 
some congenital malformations, genetic diseases or childbirth-related problems, while the exogenous causes 
were caused by some infections, malnutrition or unintentional injuries (Tatjana et al., 2013; Li et al., 2012; Khaled, 
2000). The preventable mortality might be considerably controlled by a series of intervention measures of the 
national policies and health strategies for children under 5 years in China. This research showed that the 
mortality spectrum of the primary death causes manifested a distinguished milestone at which the mortality rates 
of pneumonia and birth asphyxia had been replaced by that of preterm birth/low birth weight after 2005 in Hubei 
province. Consequently, it was suggested that preterm birth/low birth weight was becoming the chief death cause 
for children under 5 years after the other death causes could be effectively controlled in Hubei province. 

As mentioned above, it’s worth nothing that preterm birth/low birth weight was becoming the primary death 
cause for children under 5 years in Hubei province, which was probably related with the high-aged puerperal, 
assisted reproductive technique, short reproductive interval and inferior pregnant health for fertile women (Brian 
et al., 2013; Rajvir & Vrijesh, 2013; Betrán et al., 2007; Meredith, Laura, Joyce, Gary, & Maurizio, 2003). 
Meanwhile, pneumonia and birth asphyxia had been gradually replaced by preterm birth/low birth weight in 
Hubei province, which were correlated with the acute respiratory infection management (ARI), expanded 
immunization program, effective asphyxia resuscitation and vigorous antibiotic treatment (Maurice et al., 2010; 
Wang et al., 2005). Therefore, the Chinese Government has been closely cooperated with some international 
organizations in pursuing several projects of health and wellbeing for children under 5 years. From now on, it 
should be an emphasis on our future work to reduce the mortality rates of preterm birth/low birth weight in 
Hubei province. 

Historical studies of various political systems have revealed that governments were the most successful in 
promoting child health in many countries (Tariku & Eshetu, 2013; Bamgboye, Cecilia, Adejuwonlo, & Duro, 
2012). As for the trends of the mortality spectrum, it was mainly due to the improvement of the health care 
service for children under 5 years in China, such as clinical diagnosis, emergence treatment and death place at 
the county/district hospitals. This research has indicated that the health care service for children under 5 years 
was significantly improved between 1990 and 2015 in Hubei province. Therefore, stronger health systems would 
effectively contribute to the national health progress towards reaching the target of MDG4 (Anna et al., 2012; 
Chandrakant & Vinod, 2010). 

5. Conclusions 
The trends of the mortality spectrum were correlated with the improvement of the health care service for children 
under 5 years in Hubei province of China. In this research, pneumonia, birth asphyxia, preterm birth/low birth 
weight and accidental asphyxia were the major contributors to the mortality rates for children under 5 years over 
the past 25 years. There was a distinguished milestone of the mortality spectrum in which the major death causes 
have been transformed from pneumonia and birth asphyxia to preterm birth/low birth weight after 2005. 
Moreover, the proportions of clinical diagnosis, emergence treatment and death place at the county/district 
hospitals were significantly improved from 1990 to 2015. Nevertheless, rapid reduction of the mortality rates and 
adjusted structure of the primary death causes would remain a health priority for children under 5 years in Hubei 
province. 
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