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ABSTRACT

Objective Few studies have addressed the unintentional
suffocation of infants in China. This study is to assess the
mortality rate of unintentional suffocation among infants
and the differences across age groups, gender, rural
versus urban locations and related healthcare services.
Design A cross-sectional study on unintentional
suffocation death of infants under 1 year of age in Hunan
Province from 2009 to 2018.

Setting Hunan Province, with a population of 74 million,
has an area of 210 000 square kilometres and 123
counties/districts.

Participants The total data of 4109 unintentional
suffocation deaths of infants in Hunan Province from 2009
to 2018 was collected, including 2331 boys, 1766 girls, 12
infants of unknown gender, 2906 rural children and 1203
urban children.

Main outcome measure The unintentional suffocation
mortality rate of infants is defined as the number of
unintentional suffocation deaths of children under 1 year
of age per 100 000 live births in the same year.

Results The infant mortality rate showed a downward
trend from 2009 to 2018. Infant unintentional suffocation
death decreased first and then fluctuated. The proportion
of unintentional suffocation death to infant death showed
an upward trend in fluctuation. Boys and rural children
had higher mortality rates than those of girls and urban
children. A total of 43.5% of the deaths occurred in winter.
Forty-eight per cent of the unintentional suffocations were
infants between 1 and 4 months of age. A total of 46.4% of
the deaths occurred at home, and 71.6% were not treated;
approximately 81.8% of the untreated cases were mainly
due to a lack of time to get to the hospital. A total of 65.2%
of the deaths were diagnosed postmortem.

Conclusion The mortality rate of unintentional suffocation
among infants in Hunan Province should attract the
attention of the population, and measures should be taken
according to epidemiological investigations.

INTRODUCTION

Suffocation is a public health concern
both globally and in China.'™ In the USA,*
Canada,5 ‘]apan6 and China,7 unintentional
suffocation is the leading cause of injury
death among infants under lyear of age. It

Strengths and limitations of this study

» To ensure that our choice is representative, our sam-
ple includes all cases of unintentional suffocation of
infants under 1 year of age from 2009 to 2018.

» The data of this study are true and reliable, come
from the National Maternal and Child Health
Surveillance system.

» The diagnostic criteria of unintentional suffocation
did not change, and the changing trend of uninten-
tional suffocation was seen more clearly.

» The data of this study analysed the incidence of un-
intentional suffocation in infants under 1 year of age,
excluding the analysis of risk factors.

has been reported® that China accounts for
28% of the unintentional suffocation deaths
among children under lyear of age in the
world. According to the Maternal and Child
Health Surveillance in China, unintentional
suffocation is mostly caused by hypoxia
and asphyxia caused by small babies being
covered by quilts, mothers turning over and
accidentally crushing to death, blockage of
mothers’ nipples and foreign bodies in the
trachea. These injury deaths, often resulting
from hazards within the sleep environment,
are preventable.”

At present, there are few articles'™ on
the unintentional suffocation of children in
China, and most of the articles are aimed at
children under the age of 5. This is a signif-
icant research gap. We know that the inci-
dence of unintentional suffocation in infants
is much higher than thatin children aged 1-4
years. Monitoring the causes and modes of
unintentional suffocation in infants is essen-
tial to reducing the number of child deaths.

The China Child Development Plan
(2010-2020) issued by the State Council'
recommends that the infant mortality rate be
controlled at below 10 per thousand and that
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the accidental asphyxia mortality rate be reduced. There-
fore, this study included a large sample size of 4109 cases
and analysed the distribution of sex and urban and rural
areas and explained the treatment of accidental asphyxia
in China for the first time, which is an essential supple-
ment to the study of unintentional suffocation in China.

METHODS

Mortality data were retrieved from the Maternal and
Child Health Surveillance System in China. The Maternal
and Child Health Surveillance System is a representative
source of health information in China. Applicable data
from the National Maternal and Child Health Surveil-
lance System have been adopted by the National Bureau
of Statistics, the working Committee on Women and
Children of the State Council and relevant international
organisations. Maternal and child health information
formulates health policies for governments at all levels.
In particular, maternal and child health policies provide
a scientific basis.'’ In 2005, a web-based online reporting
system was introduced to improve the timeliness of data
reporting. Because the data on the deaths of under-5 chil-
dren in Hunan Province were derived from the Hunan
Province Under-5 Mortality Surveillance Network. It is
the second use of the data, no further ethical approval
was required for the present study.

Hunan Province is located in southeastern China; it
covers an area of 210000 square kilometres and has a
population of 74 million, with 123 counties (districts) and
14 cities. The Maternal and Child Health Surveillance
System includes all the counties and cities in Hunan Prov-
ince to achieve complete population coverage.

This study included data on the unintentional suffoca-
tion deaths of all children under 1year of age in Hunan
Province from 2009 to 2018. Case surveillance data
included underlying cause of death, date of death, place
of death, sex, age and treatment. The cause of death was
determined by trained coders from local hospitals and
maternal and child health hospitals, following the Interna-
tional Classification of Diseases (ICD) 10th revision, and
was reported to maternal and child health institutions at
a higher level following the standardisation programme.

Every case of death of a child under the age of 5 shall be
reported by the village doctor (community doctor) to the
maternal and child doctor in the township health centre
(community health service centre) within 10 days, and the
maternal and child doctor in the township health centre
(community health service centre) shall enter the village
within 7 days to verify that if the child is not hospitalised
and dies at home or on the way to medical treatment, a
questionnaire survey will be conducted with the question-
naire on the death of children in non-medical institutions
to infer the cause of death. Fill in the ‘child death report
card’, if a child dies in a hospital, the death diagnosis of
the hospital shall prevail, fill in the ‘child death report
card’ and record it in the register of children under 5
years of age and the register of child deaths. If an autopsy

is performed, it will also be recorded in the death report
card. Every month, the register of child deaths in the
maternal and child surveillance system should be checked
with the departments of disease control, civil affairs and
public security, and the data will also be improved and
revised.

The data of this study are based on the China Maternal
and Child Health Surveillance work Manual (2006 and
2013 editions). The time span used covers the period
from 2006 to 2019. In order to facilitate international
comparison, both versions of the working manual require
the ICD-10 code for the fundamental deaths of children
under 5 years of age in China. At the same time, consid-
ering the main causes of death of children under 5 years
of age and the actual ability of grass-roots health workers
to master the diagnosis and classification of children’s
diseases, 34 kinds of causes of death were put forward.
Accidental deaths include drowning, traffic accidents,
unintentional suffocation, accidental falls and other acci-
dents (such as electrocution, smashing, hacking, biting,
gunshot wounds, drowning, abandonment and so on). In
this study, unintentional suffocation refers to the fact that
babies are covered with quilts caused by accidental causes
such as hypoxia and asphyxia, and the mother will be acci-
dentally broken, including mother’s nipple blockage and
tracheal foreign bodies and so on.

Data were exported to Microsoft Excel 2010 and anal-
ysed with SPSS V.18.0. The total infant mortality rate,
disease classification mortality rate, gender, urban and
rural death composition and sociological characteristics
were analysed by ratio and proportion.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

From 2009 to 2018, a total of 4109 cases of the uninten-
tional suffocation of an infant (<lyear) were reported
in Hunan Province. The infant mortality rate showed a
downward trend, from 775.6 per 100000 in 2009 to 335.5
per 100000 in 2018. Nevertheless, the mortality rate of
unintentional suffocation fluctuated greatly, indicating a
downward trend from 2009 to 2014 but showing a fluctu-
ating upward trend from 2014 to 2018. It is worth noting
that the proportion of unintentional suffocation in infant
mortality increased between 2009 and 2018. Uninten-
tional suffocation accounted for 15% of infant deaths in
2018, as seen in table 1.

Throughout the study period, the unintentional suffo-
cation mortality rate of boys and rural infants was higher
than those of girls and urban infants. From 2009 to 2018,
all groups followed a similar pattern in terms of uninten-
tional suffocation mortality (table 2).

From spring to winter, the number of unintentional
suffocation deaths was U-shaped. The minimum number
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Table 1 Infant deaths and unintentional suffocation deaths in Hunan Province, China, 2009-2018
Infant death Unintentional suffocation of infant
Number of live Mortality rate (per Mortality rate (per Percentage of infant

Year births N 100000 persons) N 100000 persons) deaths (%)
2009 781026 6058 775.6 605 77.5 10.0

2010 797902 5868 735.4 488 61.2 8.3

2011 805360 5138 638.0 501 62.2 9.8

2012 838974 4803 572.5 538 64.1 1.2

2013 821345 3851 468.9 401 48.8 10.4

2014 780572 3277 419.8 257 32.9 7.8

2015 781066 3117 399.1 333 42.6 10.7

2016 795399 2825 355.2 329 41.4 11.6

2017 834955 2592 310.4 303 36.3 1.7

2018 705524 2367 335.5 354 50.2 15.0

Total 7942123 39896 502.3 4109 51.7 10.3

of people from April to June was 541 (13.2%), followed
by 742 (18.1%) from June to September, followed by 1037
(25.2%) from January to March, and the highest was 1789
(43.5%) from October to December. The proportion of
each month-based age group was as follows: from 5 to 11
months, 800 infants, accounting for 19.5%; from 1 to 4
months old, 1981 infants, accounting for 48.2% and for
0 months, 1328 infants, accounting for 32.3%, as seen in
figure 1.

In this study, 56.7% of the infants were male, and 43.0%
were female. A total of 91.9% were full-term babies, 97.8%
were registered locally, 94.7% were born in medical insti-
tutions and 46.4% of the deaths occurred at home; 71.6%
(2942) of the infants did not receive treatment after unin-
tentional suffocation, and 81.8% (2406) of the 2942 cases
did not receive treatment because it was too late to get to
the hospital. The diagnosis of death was based on clinical
practice (33.4%) and postmortem inference (65.2%), as
seen in table 3.

Table 2 Change in unintentional suffocation mortality for
children under 1 year of age in Hunan Province, China,
2009-2018

Mortality rate Sex Location

(per 100000
Year persons) Boy Girl Urban Rural
2009 77.5 85.6 68.1 84.1 63.8
2010 61.2 63.7 57.7 64.5 54.3
2011 62.2 61.1 61.4 63.8 56.6
2012 64.1 68.8 58.8 67.0 58.4
2013 48.8 49.1 48.5 54.6 37.1
2014 32.9 36.8 28.2 36.4 26.2
2015 42.6 48.7 BB 45.2 32.4
2016 41.4 454 36.9 44.3 33.2
2017 36.3 39.5 32.7 &3 29.9
2018 50.2 51.2 49.0 48.7 45.3

DISCUSSION

To the best of our knowledge, this was the first study to
examine the sociodemographic characteristics of the
unintentional suffocation of infants (<1year) in a Chinese
population. The main findings of our research are as
follows: (1) the mortality rate of unintentional suffoca-
tion fluctuated greatly, showing a downward trend from
2009 to 2014 but a fluctuating upward trend from 2014
to 2018; (2) the unintentional suffocation mortality rate
of boys and rural infants was higher than those of girls
and urban infants; (3) from spring to winter, the number
of unintentional suffocation deaths was U-shaped, with
winter having the highest number of deaths; (4) approx-
imately half of the infants who died were between 1
and 4 months of age, nearly half of all the infant deaths
occurred at home, and most of the infants who did not
receive treatment or medical treatment did so because it
was too late to get to the hospital.

In this study, overall infant mortality rates declined,
similar to those in the USA (2009-2015),"2 " Japan (2000~
2009)° and Beijing (1992-2015)." The mortality rate of
unintentional suffocation showed a downward trend
from 2009 to 2014 and an upward trend from 2014 to
2018. This was different from the upward trend reported
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Figure 1 Unintentional suffocation death of infants of
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Table 3 Basic situation of unintentional suffocation of

infants from 2009 to 2018
Items N %
Infant sex
Boy 2331 56.7
Girl 1766 43.0
Missing value 12 0.3
Location
Urban 1203 29.3
Rural 2906 70.7
Household registration
Local household registration 4019 97.8
Non-local domicile residence for 74 1.8
<1year
Non-local domicile residence for 6 0.2
1year or more
Missing value 10 0.2
Birth place
Provincial (municipal) hospital 577 14
District and county hospitals 2148 52.3
Street (township) health centre 1158 28.2
Village (clinic) clinic 8 0.2
On the way 18 0.4
Home 145 3'5
Missing value 55 1.3
Location of death
Hospital 867 211
On the way to the hospital 499 12.1
On the way home after hospital 614 14.9
transfer or treatment
Infant’s home 1906 46.4
Missing value 223 5.4
Die before treatment
Hospitalisation 502 12.2
Outpatient 326 7.9
No treatment 2942 71.6
Missing value 339 8.3
Main reasons for lack of treatment or medical treatment
Economic difficulties 10 0.3
Traffic inconvenience 22 0.7
It is too late to get to the hospital 2406 81.8
Parents do not think it is serious 31 1.1
Customs 6 0.2
Others 108 3.7
Missing value 359 12.2
Diagnostic basis of the cause of death
Pathological autopsies 11 0.3
Clinical 1371 33.4
Continued

Table 3 Continued

Items N %
Postmortem inference 2679 65.2
Missing value 48 1.2

by the USA'2 from 1999 to 2015, as well as from the down-
ward trend reported by ]apan3 and South Korea.'* The
death rate of unintentional suffocation in our province
in 2009-2018 (51.7/100000) was much higher than
that in the USA in 1999-2002 and 2012-2015 (black,
29.03/100000; Latino, 6.11/100000; white, 11.63,/100
000)." The occurrence of the unintentional suffocation
of infants has become an upward trend, which is worthy
of widespread attention.

However, a parsimonious explanation for the increase in
deaths in the USA attributed to suffocation is misclassifica-
tion bias arising from a change over time in the diagnosis of
sudden infant death syndrome (SIDS)."” Alternatively, the
trending growth in the USA may be due to the reclassifica-
tion of deaths related to states making improvements in their
death scene investigation agreements that allow for the use of
more accurate cause of death codes.'” The international vari-
ation of the use of ICD-10 code W75 for sleep-related deaths
in infants varies widely, from 1.1% in Germany to 31.7% in
New Zealand and 3.8% in England and Wales.'® In the UK,
in 2014, only six infant deaths were registered under ICD-10
code W75."" In the ‘Death Monitoring Programme for Chil-
dren Under 5’ issued in China from 2009 to 2018, our clas-
sification of child deaths has been carried out in accordance
with the ICD-10 code (W75). But unintentional suffocation,
is challenging, cannot be determined by autopsy alone
and may remain unresolved after a full case investigation."®
We cannot completely rule out a small number of cases of
diagnosis and classification errors, but through our quality
control, we try our best to control this part of the error.

Boys and rural children had higher rates of uninten-
tional suffocation than those of girls and urban chil-
dren, which was consistent with the results of studies in
China,?” " Japan® and the USA.*' The lack of health
education in rural areas encourages more high-risk
behaviours. Economic and feasible interventions for
reducing the high rates of fatal injuries in rural areas are
also lacking in China.”

The rates of unintentional suffocation were higher in
winter, which is consistent with Japanese reports.”> Due
to long nights in cold weather, issues related to more
clothing coverage,23 deep sleep with palciﬁers24 and quilt
pressure on the child’s nostrils and mouth are not found
in time, resulting in accidental death. In this study, the
unintentional suffocation deaths of infants aged 1-4
months accounted for nearly 50% of the cases. Studies in
the USA” have shown that 68% of the infants who die due
to suffocation do so between the ages of 1 and 4 months
(the median is 3months). However, black male infants <4
months of age are disproportionately affected.”
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Approximately 50% of the suffocation deaths in this study
occurred at home, which is consistent with research in the
USA.? In 2015, 79.4% of the children under the age of 5
in China who died were hospitalised before their death."
However, the proportion of infants hospitalised before
unintentional suffocation deaths in Hunan Province is only
12.2%. It shows that the accessibility of these child health
services and the quality of newborn health services are still
poor. Parents and guardians lack first aid knowledge and do
not receive enough health education information.” Because
of the sudden and unpredictable nature of accidental deaths,
81.8% of the unintentional suffocation deaths were due to a
lack of time to get to the hospital for treatment. Paediatric
healthcare providers should be encouraging parents and
other caregivers to learn choking first aid, as well as offering
anticipatory, age-appropriate guidance.?” It is essential to
establish a frontline social first aid system prior to the hospital
and improve and popularise the rescue abilities located at
the accidental injury site, which is an important measure
for reducing the rate of unintentional suffocation deaths.
To increase the understanding and prevention of environ-
mental risk factors is the basis to put an end to unintentional
suffocation.

The incidence of unintentional suffocation in children
<lyear of age was high, and the reasons are as follows: it
is mainly due to the imperfect physiological functions of
newborns and infants and poor care by parents, which leads
to asphyxia in bedding or improper feeding, and asphyxia
caused by foreign bodies in the respiratory tract.® In China,
children have the habit of sleeping in the same bed with their
parents, where quilts and pillows cover the baby’s mouth and
nose or parents’ arms and legs oppress the baby’s respiratory
tract at night, resulting in unintentional suffocation.”

The Academy of Breastfeeding Medicine® and some
studies® have shown that sharing a bed alone does not
increase the risk of death. Safe sleep environments can
reduce infant suffocation deaths.” Most unexplained infant
deaths are potentially preventable and occur in highly
dangerous sleep environments.” The safest place for infants
to sleep is on their backs on an unshared sleep surface, such
as in a crib or bassinet, in the caregivers’ room, and without
soft bedding (eg, blankets, pillows and other soft objects) in
their sleep area.”

In the early 1990s or earlier, many high-income countries
made reducing the rate of accidental injuries to children the
primary goal of their health policy. After years of practice and
research, the prevention of accidental injuries in children has
achieved remarkable results in these countries.”* Strength-
ening the management of accidental injury in critical areas
and populations, reducing the number of deaths caused
by unintentional suffocation and paying attention to the
prevention of unintentional suffocation in infancy are the
keys to reducing the rate of unintentional deaths in children
under byears of age. As long as we strengthen the research
on accidental asphyxia, establish an information network on
accidental asphyxia, mobilise all sectors of society to care for
and support the prevention of accidental asphyxia and do an
excellentjob regarding the safety education and propaganda

given to parents and guardians, then the incidence rate of
death due to accidental asphyxia in children can be reduced.

A few factors limited this study. First, the mechanical causes
of suffocation were not counted, such as suffocation caused
by being covered on the bed or choking on milk. Second,
without gathering information on the many valuable expo-
sure variables related to accidental asphyxia in children (eg,
location, time, activity, product information related to fatal
asphyxia), we cannot conduct detailed analyses to explain the
recent mortality changes with confidence. To this end, the
research group is actively securing research funds and will
carry out the next step of the research work.

In conclusion, we report a steady decline in infant mortality
under the age of 1 between 2009 and 2018 but an increase in
infant accidental asphyxia mortality, especially among boys
and rural children. Throughout the period studied, most of
the unintentional suffocation cases occurred at home, most
of them were children aged 1-4 months, and most of them
did not receive treatment because of a lack of time to get to
the hospital. We should pay great attention in reducing the
occurrence of accidental suffocation, especially by analysing
the causes of this rising trend.
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