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Abstract

Background: To reveal the ethnic disparity in the pneumonia-specific mortality rates of children under the age of 5
years (PU5MRs) and provide suggestions regarding priority interventions to reduce preventable under-five-years-of-
age deaths.

Methods: Data were obtained from the Direct Report System of Maternal and Child Health in Sichuan. The
Cochran-Armitage trend test was used to assess the time trend. The Cochran-Mantel-Haenszel test and Chi-square
test were used to examine the differences in the PU5MRs among different groups.

Results: The PU5MRs in the minority and nonminority counties decreased by 53.7 and 42.3% from 2010 to 2017,
respectively. The PU5MRs of the minority counties were 4.81 times higher than those of the nonminority counties
in 2017. The proportion of pneumonia deaths to total deaths in Sichuan Province increased from 11.7% in 2010 to
15.5% in 2017. The pneumonia-specific mortality rates of children in the categories of 0–28 days, 29 days-11 months,
and 12–59 months were reduced by 55.1, 38.8, and 65.5%, respectively, in the minority counties and by 35.5, 43.1,
and 43.7%, respectively, in the nonminority counties.

Conclusions: PU5MRs declined in Sichuan, especially in the minority counties, while ethnic disparity still exists.
Although the PU5MRs decreased more for the minority counties as a fraction of all mortality, the absolute number
of such deaths were higher, and therefore more children in these counties continue to die from pneumonia than
from the non-minority counties. Priority should be given to strategies for preventing and controlling child
pneumonia, especially for postneonates, in the minority counties.
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Background
Pneumonia was once regarded as “the forgotten killer in
children” [1], however by 2015 was recognised as the
second leading cause of death among children under the
age of 5, and it was estimated that approximately 0.920
million children died of pneumonia, accounting for
15.5% of the total deaths of children under the age of
five years [2]. The proportion of deaths caused by pneu-
monia in children under the age of five years decreased

from 1996 to 2015 [3]. However, the number of pneu-
monia deaths among children under the age of 5 years is
still large due to the large number of under-5 death [4].
Malnutrition, poverty and inadequate access to health

care are important factors influencing the pneumonia-
specific mortality rate of children [5]. Approximately
75% of the burden of childhood pneumonia occurs in
children from the low- and middle-income areas, where
poverty and ambient air pollution prevail [6]. In 2015,
the PU5MRs in Central and Eastern Europe and the
Commonwealth of Independent States (CEE/CIS) was
2.0‰, whereas it was 13.7‰ in Sub-Saharan Africa [7].
In addition, geographical differences in pneumonia
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deaths exist not only between different countries but
also in different regions of a country [8]. This regional
disparity is more pronounced between underdeveloped
remote rural areas in western regions and developed
rural areas in coastal regions [9, 10]. The proportion of
pneumonia deaths among children under 5 years old is
higher in Western China than it is in the Eastern and
Central regions [3].
Western China is known for its ethnic diversity, with

71% of China’s ethnic minority population and 46 differ-
ent ethnic groups living there [11, 12]. Sichuan is the most
populous province in Western China, and its minority
regions account for 62.9% of the total population [13]. Ac-
cording to the 2010 census, the ethnic minority popula-
tion of Sichuan Province equaled 4.98 million, accounting
for 6.1% of the whole population [13]. The sparse popula-
tion, lack of transportation, underdeveloped economy,
unique religious beliefs and living habits have always been
important factors restricting the development of the
health of local residents in the minority counties [14,
15].Under-five-years-of-age deaths in minority counties
account for approximately one-fifth of all deaths, and
pneumonia is the leading cause of death among children
under 5 years old in Sichuan Province [16].
This study focuses on the ethnic differences in pneu-

monia death among children under 5 years old in
Sichuan Province of Western China, with the aim of
providing priority intervention recommendations for the
health administration to eliminate preventable deaths
from pneumonia in children under 5 years old and shar-
ing the results with other countries that are in similar
situations.

Methods
Data sources
Sichuan Province consists of 67 minority counties and
116 nonminority counties [17]. Data for this study were
obtained from the population-based Direct Report
System of Maternal and Child Health (DRSMCH) in
Sichuan. In accordance with the unified standard of the
National Maternal and Child Health Surveillance
System, a level-by-level reporting, review and quality-
control network(i.e., village, township/community,
county/district, municipality, province) has been estab-
lished in Sichuan Province. The under-five-years-of-age
death data are reported after the information is con-
firmed, while the live births data are reported yearly.
Details of the verification of the causes of death and
quality control procedures have been described in previ-
ous reports [3, 8, 18].

Data analysis
The PU5MRwas calculated as the number of children
under the age of 5 years who died of pneumonia per

100,000 live births and was adjusted by the annual pro-
vincial quality control underreporting rate. The mortality
rate in the minority and nonminority counties was cal-
culated in three age groups (i.e., 0–28 days, 29 days-11
months, 12–59months).
The Cochran-Armitage trend test was used to test the

time trends of the pneumonia mortality rate, proportion
of pneumonia deaths to total deaths, and proportion of
children seeking treatment at any medical institution be-
fore death in each region [19]. The Cochran-Mantel-
Haenszel (CMH) test was used to calculate relative risks
(RRs) and 95%CIs and to compare the risk of pneumonia
death in different ethnic regions and age groups [20]. A
Chi-square test was used to compare the proportion of
pneumonia deaths to total deaths between the minority
and nonminority counties. P < 0.05 was considered sta-
tistically significant.

Results
Ethnic disparity in PU5MR
The PU5MR in Sichuan Province dropped by 40.2%
(from 197 per 100,000 live births in 2010 to 118 per 100,
000 live births in 2017, χ2 = 106, ptrend < 0.001). The rate
decreased by 53.7%in the minority (from 701 to 324 per
100,000 live births, χ2 = 243, ptrend < 0.001) and 42.3% in
the nonminority (from 117 to 67.4 per 100,000 live
births, χ2 = 48.3, ptrend < 0.001) counties. Compared with
the nonminority counties, the RR of PU5MR in the mi-
nority counties was 5.99 (95% CI: 5.24–6.85) in 2010
and decreased to 4.81 (95% CI: 4.16–5.56) in 2017. With
the decrease of PU5MR, the pneumonia deaths as a per-
cent age of total deaths increased in Sichuan Province
(from 11.7 to 15.5%, χ2 = 26.8, ptrend < 0.001) and the
nonminority counties (from 7.77 to 10.0%, χ2 = 13.7,
ptrend < 0.001), but the time trend was not observed in
the minority counties (χ2 = 0.591, ptrend = 0.442). During
the study period, the proportion of pneumonia deaths to
total deaths in the minority counties was higher than
that in the nonminority counties every year (all
p < 0.001) (Table 1).
Furthermore, significant disparities were observed

within ethnic minority areas, with consistently higher
PU5MRs in rural than in urban areas. Compared with
urban areas, the RRs of PU5MRs decreased from 4.44
(95% CI 2.10–9.36) in 2010 to 1.47 (95% CI 1.11–2.33)
in 2017 in rural areas (Fig. 1).

Ethnic disparity in pneumonia-specific mortality rate at
different ages
The pneumonia-specific mortality rate of children at 0–
28 days, 29 days-11 months and 12–59months decreased
by 55.1% (χ2 = 766, ptrend < 0.001), 38.8% (χ2 = 50.4,
ptrend < 0.001), and 65.5% (χ2 = 147, ptrend < 0.001), re-
spectively, in the minority counties and 35.49% (χ2 =
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9.64, ptrend = 0.002), 43.1% (χ2 = 26.4, ptrend < 0.001), and
43.7% (χ2 = 14.8, ptrend < 0.001), respectively, in the non-
minority counties. The most significant decrease in
pneumonia-specific mortality in the minority and non-
minority areas was found in the 12–59-month-oldage
group. Among the comparisons of different age groups
between the minority and nonminority areas, the largest
disparities existed in the 12–59month old age group.
There were more differences between different age
groups within the minority and nonminority areas, with
the highest pneumonia-specific mortality rate in the 29
days-11month old age group in the minority counties
and the lowest pneumonia-specific mortality rate in the
12–59month old age group in the nonminority counties.
Compared with children at 0–28 days, the RRs of
pneumonia-specific mortality rates increased from 1.90
(95% CI: 1.48–2.45) to 2.54 (95% CI: 1.97–3.28) in the
29 days-11 month old age group in the minority counties
and decreased from 0.540 (95% CI: 0.416–0.701) to
0.485 (95% CI: 0.362–0.651) in the 12–59month old age
group in the nonminority counties (Table 2).

From 2010 to 2017, the proportion of pneumonia
deaths to total deaths in the minority counties of all age
groups was higher than that in the nonminority counties
(all p < 0.05). The proportion of pneumonia deaths to
total deaths in the minority counties increased in post-
neonates (χ2 = 13.3, p < 0.001) and decreased in the
childhood group (χ2 = 14.8, p < 0.001), respectively
(Fig. 2).
There was no significant trend over time in the

proportions of untreated children before death in the
minority and nonminority counties or in the proportion
of children treated in county/district hospitals in the
minority counties (p > 0.05). The proportion of children
without any treatment before death in the minority
counties was close to 50% in 2017. With regard to the
minority counties, the proportions of treatment at village
doctors/private clinics and at township hospitals/
community health service centers decreased from 10.8
to 5.05% and from 27.8 to 14.7%, respectively (all
p < 0.001). Although the proportion of children treated in
provincial/municipal hospitals has increased (p < 0.001), it

Table 1 The PU5MR and proportion of pneumonia deaths to total deaths by ethnic groups

Time
period

Minority counties Nonminority counties Total RR (95% CI)
M to Non

Comparison
of
proportion
(χ2)

mortality rate pneumonia (%) mortality rate pneumonia (%) mortality rate pneumonia (%)

2010 700.68 24.40 116.90 7.77 197.23 11.65 5.99[5.24,6.85] 352.01*

2011 993.99 35.18 155.28 10.64 275.77 16.64 6.40[5.70,7.18] 556.83*

2012 796.20 37.79 135.29 11.27 228.27 17.19 5.89[5.24,6.61] 562.46*

2013 694.47 36.74 99.69 9.43 185.23 15.73 6.97[6.17,7.87] 656.23*

2014 403.25 30.77 105.22 12.18 165.97 17.38 3.83[3.38,4.35] 264.38*

2015 386.99 29.63 97.22 12.37 156.11 17.51 3.98[3.50,4.53] 226.79*

2016 366.21 31.02 71.97 9.78 132.12 15.98 5.09[4.41,5.87] 332.67*

2017 324.22 28.93 67.41 10.00 117.90 15.47 4.81[4.16,5.56] 268.82*

*p<0.001

Fig. 1 PU5MR in urban and rural areas in minority counties from 2010 to 2017
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only increased by 13.6% in the minority counties in 2017
(Fig. 3).

Discussion
Since 2000, substantial funds have been invested by the
Sichuan government to improve maternal and child
health in the minority areas [17]. Sichuan has made sig-
nificant progress in improving the survival rate of chil-
dren. During the study period, the mortality rate of
children under the age of 5 years in Sichuan Province
decreased by 51.2% (from 16.9‰ to 8.26‰) [21, 22].
The study showed that PU5MR declined in Sichuan
Province from 2010 to 2017, especially in the minority
counties. However, the RR of pneumonia mortality of
minority to non-minority counties only decreased from
a high of a seven-fold to a low of a five-fold difference
between 2010 to 2017 and in fact increased over the last
2 years of observation. The minority counties remain at
orders of magnitude difference in pneumonia mortality
rates, and there was still a large gap between the minor-
ity and nonminority counties.
The decline of PU5MR was due to social and eco-

nomic growth, an increase in health and human re-
sources, the improvement of child nutrition, and an
increase access to child healthcare [17, 18]. The medical
service capacity, health infrastructure, and availability of
medical and health services in the minority regions
lagged far behind that of the nonminority regions [23].
In addition, more than half of the health input was

borne by the county governments, and it was difficult
for the minority counties with lower economic condi-
tions to invest in full and on time [24, 25]. Both the
PU5MR and the proportion of pneumonia deaths to
total deaths in the minority counties were still higher
than those in the nonminority counties. Therefore, it is
important to increase investment in the minority regions
and promote more balanced development. The govern-
ment needs to give preference to the minority counties
in terms of financial, medical and health equipment, and
health and human resources investment.
The current study likewise shows that the proportion

of pneumonia deaths to total deaths decreased with time
in the minority counties but not in the nonminority
counties or the whole province. Children are at a greater
risk than adults from the many adverse health effects of
air pollution. Their bodies, especially their lungs, are
rapidly developing and therefore are more vulnerable to
inflammation and other damages caused by pollutants
[26]. Due to high humidity and weak wind, the ambient
air pollution in the Sichuan basin has become very ser-
ious in recent years, especially in the urban areas [27,
28]. More than 90% of the nonminority counties are lo-
cated in the urban areas. The rise of the proportion of
pneumonia deaths to total deaths in the nonminority
counties can be partly interpreted by this outcome. The
relationship between ambient air pollution and the mor-
bidity and mortality of child pneumonia and the relevant
countermeasures should be further studied.

Table 2 The pneumonia-specific mortality rates in minority and nonminority by age groupsa

Areas Time
period

0–28
days(N)

29 days-
11
months
(PN)

12–59
months(C)

RR (95% CI)

M to Non(N) M to Non (PN) M to Non(C) PN to N C to N

Minority counties(M) 2010 151.99 292.67 257.08 3.54[2.74,4.58] 5.77[4.69,7.09] 11.02[8.47,14.34] 1.90[1.48,2.45] 1.68[1.30,2.18]

2011 219.54 468.29 325.21 3.61[2.89,4.49] 7.26[6.09,8.66] 9.69[7.72,12.16] 2.16[1.75,2.67] 1.54[1.23,1.92]

2012 258.20 371.49 245.76 3.91[3.17,4.82] 5.93[4.97,7.09] 10.04[7.87,12.81] 1.66[1.35,2.04] 1.19[0.95,1.48]

2013 215.69 374.20 206.97 4.12[3.29,5.16] 8.03[6.67,9.66] 10.29[8.01,13.23] 2.06[1.67,2.54] 1.30[1.03,1.63]

2014 130.54 281.07 92.00 2.03[1.60,2.59] 5.63[4.66,6.81] 4.06[3.10,5.32] 2.59[2.06,3.26] 1.06[0.81,1.39]

2015 98.72 278.61 93.41 2.24[1.73,2.89] 4.93[4.11,5.92] 4.99[3.77,6.60] 2.79[2.20,3.53] 1.20[0.92,1.59]

2016 69.09 216.09 97.04 2.00[1.53,2.61] 7.63[6.13,9.48] 8.29[6.00,11.45] 2.99[2.32,3.85] 1.44[1.08,1.91]

2017 68.20 179.23 88.57 2.46[1.87,3.24] 6.20[5.00,7.70] 6.75[4.97,9.16] 2.54[1.97,3.28] 1.33[1.00,1.77]

Nonminority
counties (Non)

2010 42.91 50.75 23.33 – – – 1.17[0.95,1.44] 0.54[0.42,0.70]

2011 60.90 64.51 33.57 – – – 1.07[0.89,1.29] 0.57[0.46,0.72]

2012 66.05 62.60 24.47 – – – 1.09[0.912,1.31] 0.46[0.37,0.58]

2013 52.36 46.60 20.11 – – – 1.05[0.86,1.29] 0.52[0.41,0.66]

2014 64.19 49.90 22.67 – – – 0.93[0.76,1.14] 0.53[0.42,0.67]

2015 44.14 56.52 18.72 – – – 1.26[1.03,1.55] 0.54[0.42,0.70]

2016 34.61 28.34 11.71 – – – 0.78[0.62,0.99] 0.35[0.25,0.47]

2017 27.68 28.89 13.12 – – – 1.01[0.80,1.28] 0.48[0.36,0.65]
aM, minority counties; Non, nonminority counties; N, PN, 29 days-11 months; C, 12–59 months
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In the minority and nonminority counties, PU5MR de-
creased within each age group, including the 0–28 days
age group, 29 days-11 months age group, and 12–59
months age group. The decline in childhood was the
most dramatic among the three age groups. This result
may be related to the implementation of some policy
measures, including the basic public health services, the
major public health services and the introduction of
pneumococcal 7-Valent conjugate vaccine (PCV7). Since
2009, the implementation of the basic and major public
health services project has increased the percentage of
systematic care for children and improved people’s
health knowledge [29]. After a series of effective strat-
egies for neonates between 1996 and 2013, such as in-
hospital delivery and neonatal family visits reported by
He et al. [3], the effect of the follow-up measures may be
more obvious in childhood. The dramatic decline in
childhood can also be partly explained by a lag phase for
the indirect effects of PCV7 observed by Steens A et al.
in 2013 [30]. Although the mortality rate decreased,
disparities in pneumonia-specific U5MR between the
minority and nonminority regions still exist. The

pneumonia-specific U5MR in the minority regions was
significantly higher than that of the nonminority regions
in each age group, and it was highest in the minority
counties. There are ethnic differences in pneumonia
mortality rates in many developed countries, including
Australia [31], South Africa [32] and the United States
[33]. Particularly, compared with neonates, the RR of
postneonates in the minority counties has increased
from 2010 to 2017. The highest mortality rate existed in
postneonates of the minority regions. Pneumonia-
specific U5MR of postneonates in the minority regions
was 179.2 per 100,000, which was still higher than that
of 162.8 per 100,000 in 2014–2015 of mainland China,
let alone Central and Eastern China [8]. Therefore, more
attention needs to be paid to postneonates in the minor-
ity counties.
Access to health services in developing countries is af-

fected by many factors, including geographic accessibil-
ity, availability, financial accessibility, and acceptability
[34]. According to the Sichuan Health and Family Plan-
ning Statistical Yearbook of 2016 [22], the accessibility
of healthcare sources is worse in the minority areas than

Fig. 2 Proportion of pneumonia deaths to total deaths in minority (a) and nonminority (b) counties
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in the nonminority areas. First, the minority regions are
sparsely populated, and the area of the minority regions
accounts for more than half of Sichuan Province, while
the healthcare facilities accounts for only 19.3% of the
total. Second, the number and educational and profes-
sional skill levels of the health service providers in the
minority regions are poorer than those the nonminority
regions and cannot meet the demands of the people liv-
ing there. From the perspective of the family and the in-
dividual, the low household income and low education
level of the minorities are both important factors affect-
ing the accessibility to medical service. The number of
children untreated before death in the minority regions
accounted for 47.2% of the total deaths in 2017, and no
downward trend was found in the present study. Mean-
while, the proportion of children treated in the provin-
cial/municipal level hospitals before death was still
relatively low in the minority regions.
Although Sichuan achieved the Millennium Development

Goal (MDG4) in 2006, the proportion of pneumonia-
specific deaths to total under-five-years-of-age deaths was
15.5% in 2017, with a particularly high proportion in the
minority regions (28.9%). The Global Goals For Sustainable
Development clearly state the goal of eliminating avoidable
deaths of newborns and children under 5 years of age by
2030 [35]. It has been shown that a comprehensive set of
interventions can effectively prevent and reduce childhood
pneumonia [36]. First, exclusive breastfeeding for the first 6
months, appropriate supplementary feeding and supple-
mentation of vitamin A were all recognized as helping to

decrease the incidence and reduce the severity of pneumo-
nia [36]. Therefore, a series of interventions combining in-
dividual level and group level health promotion should be
implemented (e.g., improving the mother’s education de-
gree, enhancing health education, implementing a nutrition
enhancement program). Second, vaccines against Hae-
mophilus influenzae type b (Hib) and Streptococcus pneu-
monia(S. pneumoniae) should be included in the routine
childhood immunization program. As the two most fre-
quent childhood pneumonia bacteria, vaccines against Hib
and S. pneumoniae could decrease the incidence by 22–
34% for Hib and 23–35% for S. pneumoniae [37]. Third,
the fairness and availability within Sichuan Province, espe-
cially in the minority counties, should be improved as soon
as possible, and a convenient medical network according to
the regional characteristics of minority regions needs to be
studied and established to improve the treatment of chil-
dren who are ill from pneumonia. Last, ambient air pollu-
tion control should be taken into account in the prevention
of childhood pneumonia.
There are some limitations to this study. Since the

data were collected from DRSMCH in Sichuan Province
and based on the three-level administration network
(urban, community-district-city; rural, village-township-
county), it is difficult to obtain an accurate diagnosis of
pneumonia in children. However, we have taken a series
of measures to ensure the accuracy of diagnosis and the
quality of the data. First, ICD codes were used for
reporting the causes of deaths, allowing the staff to ob-
tain more information about child deaths [18]. Second,

Fig. 3 Proportions of medical treatment for children under the age of five years before death in minority and nonminority counties
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the staff working in the reporting system were trained
yearly for death classification and ICD coding. Third, the
provincial experts in epidemiology and pediatrics con-
ducted quarterly examinations and confirmations of the
causes of death. Another limitation to this study is that
demographic data were not collected, such as family in-
come per capita, parents’ educational level, and distance
from a patient’s home to the medical institutions, which
made it impossible to analyze in depth the causes of the
PU5MR.

Conclusions
The PU5MRs substantially declined in both the minority
and nonminority counties of Sichuan Province from
2010 to 2017. Although the disparity in PU5MRs be-
tween the minority and nonminority counties decreased
over time, it still existed. The pneumonia-specific mor-
tality rate of postneonates was the highest. Priority
should be given to strategies for preventing and control-
ling child pneumonia, especially for postneonates, in the
minority counties. It is also worth noting that the pro-
portion of pneumonia deaths to total deaths in the non-
minority counties increased.

Abbreviations
CMH: Cochran-Mantel-Haensel; DRSMCH: Direct Report System of Maternal
and Child Health; Hib: Haemophilus influenzae type b; MDG4: Millennium
Development Goal; PCV7: pneumococcal 7-Valent conjugate vaccine;
PU5MR: Pneumonia-specific mortality rate of children under the age of five
years; S.pneumoniae: Streptococcus pneumonia

Acknowledgements
The authors would like to thank all the healthcare workers in Direct Report
System of Maternal and Child Health in Sichuan province for their efforts in
data collection.

Authors’ contributions
ML conducted the literature review, data analyses and drafted the
manuscript. WL contributed to the interpretation of results, drafting of part
of the discussion. ZZ contributed to the data analyses, the interpretation of
results and the revision of the manuscript. ML, LH, BS contributed to the
data collection. GZ contributed to the design of the study and interpretation
of results. All authors read and approved the final manuscript.

Funding
This work was financed by a grant from the National Key R&D Program of
China (2017YFC0907300) led by Dr. Gang Zhang, a grant from the Science &
Technology Project of Science and Technology Department of Sichuan
Province (No. 2018JY0647) led by Dr. Ziling Zhao.

Availability of data and materials
The datasets analysed during the current study are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate
Data involved in this study are statutory data as required by the central
government, and the need for ethics approval is deemed unnecessary
according to National Health Statistics Survey System of China. This study
focused on aggregate data rather than individual, so consent to participate
is unnecessary.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 23 July 2019 Accepted: 9 December 2019

References
1. UNICEF, WHO. Pneumonia the forgotten killer of children. New York: United

Nations Children's Fund; 2006.
2. Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, Lawn JE, Cousens S, Mathers C,

Black RE. Global, regional, and national causes of under-5 mortality in 2000-
15: an updated systematic analysis with implications for the sustainable
development goals. Lancet. 2016;388(10063):3027–35.

3. He C, Liu L, Chu Y, Perin J, Dai L, Li X, Miao L, Kang L, Li Q, Scherpbier R,
et al. National and subnational all-cause and cause-specific child mortality in
China, 1996–2015: a systematic analysis with implications for the sustainable
development goals. Lancet Glob Health. 2017;5:e186–97.

4. Liu LP, Oza SM, Hogan DP, Perin JP, Rudan IP, Lawn JEP, Cousens SP,
Mathers CP, Black REP. Global, regional, and national causes of child
mortality in 2000–13, with projections to inform post-2015 priorities: an
updated systematic analysis. Lancet. 2015;385(9966):430–40.

5. WHO, UNICEF. Global Action Plan for Prevention and Control of Pneumonia
(GAAP). Geneva: WHO Press; 2009.

6. Nhung NTT, Amini H, Schindler C, Kutlar Joss M, Dien TM, Probst-Hensch N,
Perez L, Künzli N. Short-term association between ambient air pollution and
pneumonia in children: a systematic review and meta-analysis of time-series
and case-crossover studies. Environ Pollut. 2017;230:1000–8.

7. UNICEF. One is too many: One is too many ending child deaths from
pneumonia and diarrhoea. New York: United Nations Children’s Fund; 2016.

8. Kang L, He C, Miao L, Liang J, Zhu J, Li X, Li Q, Wang Y. Geographic
disparities in pneumonia-specific under-five mortality rates in mainland
China from 1996 to 2015: a population-based study. Int J Infect Dis.
2017;59:7–13.

9. Ri-bang L, Wu-yi W, Jian-an T, Hai-rong L. The health index of Chinese and
it's regional difference. Hum Geogr. 2004;03:64–8.

10. Zhao X, Wang W, Fang Y. Regional inequalities of residents' health level in
China:2003-2013. Acta Geograph Sin. 2017;4:685–598.

11. Huang R. Minority population and development in the west of China. Popul
Econ. 2001;06:3–8.

12. Deng Z, Gao W. Analysis of changes of minority population in western
China: based on the data from China's sixth census in 2010. Guangxi Ethn
Stud. 2013;3:57–65.

13. Council PCOU, Department Of Population And Employment Statistics NBOS.
Tabulation on the 2010 population census of the people's republic of
China. Beijing: China Statistics Press; 2012.

14. Yang J, Li S, Zhang J, Wen W, Li X, Yi Y, Feng C. Analysis of health
responsiveness in the minority countryside of Sichuan Province. Chin J
Health Stat. 2006;13(3):195–9.

15. Shen J, Zheng X. Study on development of health service in minority areas
in Sichuan province. Chin Health Serv Manage. 2008;1:4–6.

16. Zhao Z, Jiang Y, Wu F, He L, Xu Y. Analysis and strategy research for the
death of children under 5 years old in minority concentrated region in
Sichuan. Chin J Child Health Care. 2013;21:1184–6.

17. Ren Y, Qian P, Duan Z, Zhao Z, Pan J, Yang M. Disparities in health system
input between minority and non-minority counties and their effects on
maternal mortality in Sichuan province of western China. BMC Public
Health. 2017;17(1):750-60.

18. He C, Kang L, Miao L, Li Q, Liang J, Li X, Wang Y, Zhu J. Pneumonia
mortality among children under 5 in China from 1996 to 2013: an Analysis
from National Surveillance System. PLoS One. 2015;10(7):e133620.

19. Luan R. Epidemiology principles and methods. 1st ed. Chengdu: Sichuan
University Press; 2004.

20. Agresti A. Categorical Data Analysis. New York: Wiley; 1990.
21. Commission SHAF. Sichuan health and family planning statistical yearbook.

Chengdu: Sichuan University Press; 2010.
22. Commission SHAF. Sichuan health and family planning statistical yearbook.

Chengdu: Southwest Jiaotong University Press; 2016.
23. Yang L, Yang Y, Li Y, Jian R, Li J. Research of current status of township

hospital service capabilities in minority regions of Sichuan province. Chin
Health Serv Manage. 2012;3:210–2.

Luo et al. BMC Public Health         (2019) 19:1722 Page 7 of 8



24. Zhang M, Xiao Y, Yan B, Wang J, Liu M. Investigation and analysis of
government health compensation mode in minority regions in Sichuan
province. Chin Health Econ. 2012;31(6):11–3.

25. Zhang Z. China health cost accounting research report(2008). Beijing:
People’s Medical Publishing House; 2009.

26. WHO. Air pollution and child health: prescribing clean air. Summary.
Geneva: World Health Organization; 2018.

27. Guo X. Observation and simulation of the climatic characteristics of air
quality and the effects of large topography in Sichuan basin. Nanjing:
Nanjing University of Information Technology; 2016.

28. Department SE. Sichuan environmental status bulletin. Chengdu: Sichuan
provincial department of environmental protection; 2017.

29. Caihui M, Shasha H, Zhanchun F. Implementation and evaluation of basic
public health service projects. Chin J Public Health. 2012;28(3):385-86.

30. Steens A, Bergsaker MA, Aaberge IS, Rønning K, Vestrheim DF. Prompt effect
of replacing the 7-valent pneumococcal conjugate vaccine with the 13-
valent vaccine on the epidemiology of invasive pneumococcal disease in
Norway. Vaccine. 2013;31(52):6232–8.

31. Hanna J, Torzillo P. Acute respiratory infections in Australian aboriginal
children: current knowledge and future requirements. Papua New Guinea
Med J. 1991;34(3):204–10.

32. von Schirnding YE, Yach D, Klein M. Acute respiratory infections as an
important cause of childhood deaths in South Africa. S Afr Med J. 1991;
80(2):79–82.

33. Rhoades ER. The major respiratory diseases of American Indians. Am Rev
Respir Dis. 1990;141:595–600.

34. Peters DH, Garg A, Bloom G, Walker DG, Brieger WR, Hafizur Rahman M.
Poverty and access to health Care in Developing Countries. Ann N Y Acad
Sci. 2008;1136(1):161–71.

35. United N: Sustainable Development Goals: 17 Goals to Transform Our
World.|.*2019*2019.

36. WHO, UNICEF. Ending Preventable Child Deaths from Pneumonia and
Diarrhoea by 2025. France: WHO Press; 2013.

37. Niessen L. Comparative impact assessment of child pneumonia
interventions. B World Health Organ. 2009;87(6):472–80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Luo et al. BMC Public Health         (2019) 19:1722 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data sources
	Data analysis

	Results
	Ethnic disparity in PU5MR
	Ethnic disparity in pneumonia-specific mortality rate at different ages

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

