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Summary
Background Reducing maternal and perinatal mortality is a global objective. Hong Kong is a city with low maternal
and perinatal mortality but little is known about the trend and causes of these deaths in this high-income city. We
analyzed the maternal death, stillbirth and neonatal death since 1946 in Hong Kong.

Methods Data were extracted from vital statistics, based on the number of registered deaths and births, provided by
the Department of Health, the Government of the HKSAR. The annual change rate of mortality was evaluated by
regression analysis. Contextual factors were collected to assess the association with mortality.

Findings Between 1946 and 2017, the stillbirth rate (per 1,000 total births) reduced from 21¢5 to 2¢4; early and late
neonatal deaths (per 1,000 live births) reduced from 14¢1 and 18¢1 to 0¢7 and 0¢4 in 2017, respectively. The maternal
mortality ratio (per 100,000 live births) declined from 125 to 1¢8.
The causes of maternal and perinatal deaths were available since 1981 and 1980 respectively. The leading causes of
death were thromboembolism (37¢0%) and obstetric haemorrhage (30¢4%) for maternal death; congenital problem
(30¢1%) and prematurity (29¢0%) for neonatal death. No data on causes of stillbirth were available. No specific shift
of pattern was observed in the causes of maternal and neonatal death with time. There were no cases of maternal
death due to sepsis and only 2 cases (2¢2%) of maternal deaths due to indirect cause.

Interpretation The maternal and perinatal death have reduced significantly in Hong Kong and maintained at the
lowest level globally. Indirect maternal death and sepsis were unusual causes of maternal deaths. Use of ICD-PM
stillbirth classification, setting up a maternal death confidential enquiry and adding pregnancy checkbox could be
the next step to identify and categorize hidden burden.
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Introduction
From Millennium Development Goals to Sustainable
Development Goals, the United Nations have identified
reducing maternal and child mortality as a priority issue
and aim a global reduction of maternal mortality ratio
(MMR) to less than 70 per 100,000 live births, the neo-
natal mortality rate (NMR) to less than 12 per 1000 live
births and under-five mortality rate to less than 23 per
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1000 live births by 2030.1 The Every Newborn Action
Plan has further targeted reducing stillbirth rate to 12
per 1000 total births by 2030.2 The catalytic effect from
the ambitious unprecedented goal of Millennium Devel-
opment Goals resulted in an estimated 43¢9% decline in
MMR (385 to 216 maternal death per 100,000 livebirth),
25¢5% reduction of the stillbirth rate (24¢7 to 18¢4 still-
birth per 1000 total births) and 45¢4% reduction in
under-five mortality rate (77¢8−42¢5 per 1000 live
births) from the 1990 to 2000 baseline respectively,
which accounted for a total of 8¢87 million deaths in
2015.3−5 Accelerating growth with a strategic approach
and national commitment is required to catch up with
the uneven progress and meet 2030’s global objectives.
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Research in context

Evidence before this study

Low- and middle-income countries (LMIC) contributed
the majority of maternal and perinatal deaths. The
causes of deaths differed among LMIC and high-income
countries (HIC). Indirect causes, obstetric haemorrhage
and thromboembolism were leading causes of maternal
deaths among Spain, Japan and UK while preterm birth
and congenital abnormalities were dominant causes of
neonatal death in HIC. Although the mortality data of
China were frequently reported in international studies,
it was noted that the mortality data in Hong Kong was
lower than the other parts of China and the perinatal
and maternal mortality in Hong Kong remained the low-
est globally. A very low-cost public service and free
maternity care provided to ensure no one is denied
medical care due to lack of means could have contrib-
uted to the low perinatal and maternal mortality in
Hong Kong.

Added value of this study

We illustrated the rates and causes of perinatal and
maternal mortality in Hong Kong. Hong Kong is able to
maintain the lowest level of perinatal and maternal mor-
tality. In contrast to other HIC, we found indirect cause of
maternal death and sepsis are rare but thromboembolism,
prematurity and congenital anomalies remain the major
burden for maternal and neonatal death.

Implications of all the available evidence

Although the maternal and perinatal mortality remain
low among HIC, the causes of deaths differed and
under-reporting of maternal death is a common prob-
lem. Setting up a confidential enquiry and adding
pregnancy checkbox could be the next step to identify
missing cases and finetune health care programs. The
use of ICD-PM stillbirth classification could facilitate
correlation with maternal condition and standard
reporting of the causes and timing of stillbirth, to allow
international comparison. Low cost and well-organized
healthcare structure are the keys to provide continuum
of care to the women and the newborns. We call for
comprehensive data collection and disaggregation to
provide high-quality data and enable trend tracking in
HIC. Research in interventions to prevent common
themes of maternal and perinatal deaths are urgently
needed.
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Much global attention was drawn to the low-income
countries (LIC) or middle-income countries (MIC) due
to their significant contributions to these mortalities.
Specific preventive interventions and programmatic
frameworks to implement effective healthcare delivery
were extensively studied in the literature, and successful
mortality reductions after adopting these strategies in
several countries were reported.6−13 MMR was rising in
United States in the past two decades.14 Reporting the
trend and cause of death in high-income countries
(HIC) should not be overlooked. Despite the better qual-
ity of mortality data in the HIC, information on the
causes and trend of maternal and perinatal mortality
were relatively less,15 thus losing the opportunity to
explore the more common causes of death in HIC and
their corresponding preventive measures.

Hong Kong is a unique city, once a British colony for
156 years and returned to its motherland on 1 July 1997.
After the reunification, the British-style healthcare sys-
tem was maintained and built its uniqueness in provid-
ing world-class advanced medical care.16 The estimated
MMR (per 100,000 livebirths) of China was 17¢2 in
2013, stillbirth rate (per 1000 total birth) was 7¢2 in
2015 and neonatal mortality rate (per 1000 live births)
was 4¢7 in 2017.4,17,18 Variation of causes of death and
mortality distribution among different populations
exists within geographical regions.19 Published interna-
tional mortality report by either incorporating the data
into China’s or missing Hong Kong’s may fail to cap-
ture the actual performance of this densely populated
and highly developed city. In addition, these regional or
national estimates were often driven by regions contrib-
uting the majority of data and, therefore, unable to
reflect individual performance. An in-depth analysis of
each locality would benefit tailored policy formulation
and fine tune the healthcare structure using reliable epi-
demiological data. We reviewed the trend of maternal
death, stillbirth, and neonatal death since 1946 and ana-
lysed the causes of these deaths in Hong Kong.
Methods

Death determination
The healthcare system and death determination in
Hong Kong was described in detail in the appendix. The
public service is provided by the Department of Health
and Hospital Authority. The maternity and neonatal ser-
vice, for example, antenatal examinations, neonatal
checkups and vaccination are provided for free to Hong
Kong citizens under public service to ensure no one is
denied medical treatment due to lack of money.
Data collection and cause of death collation
The data were extracted from vital statistics, based on
the number of registered deaths and births and the Cer-
tificate of stillbirth received by the Food and Environ-
mental Hygiene Department, provided by the
Department of Health, the Government of the Hong
Kong Special Administrative Region, which included
the numbers of maternal mortality, live birth, early neo-
natal death, late neonatal death, and post-neonatal death
and the causes of these deaths categorized according to
the international classification of diseases (ICD), where
www.thelancet.com Vol 26 September, 2022
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possible since 1946−2017. Between the years 1960 and
2000, the classification of diseases and causes of death
are based on the ICD 8th and 9th revision and changed
to the ICD 10th revision from 2001 onwards. The ICD
9th codes were converted to ICD-10 codes by matching
the closest diagnosis by the authors. The definitions of
different terminologies were listed in appendix Table 1,
which is similar to World Health Organization’s recom-
mendation.

Maternal causes of death were grouped into ectopic
pregnancy, death related to abortion, hypertensive disor-
ders, obstetric haemorrhage, pregnancy-related sepsis,
thromboembolism, and others. The neonatal causes of
death were classified into infection (including meningi-
tis), pneumonia, malignancy, accident, congenital
(including malformation and chromosomal abnormali-
ties), sudden infant death syndrome, intrapartum com-
plication, preterm birth, and others.

Several contextual factors were collected, gross
domestic product [GDP, billion United States Dollar
(USD)], total fertility rate, tertiary school enrollment
rate (%), population density (number of people per kilo-
meter) from World Bank; the possession of personal
computer among female aged 15−44 years (%), the
access to internet among female aged 15−44 years (%)
from Census and Statistics Department, Hong
Kong.20,21
Statistical analysis
Annual reports were not available in earlier years when
data were recorded every five years before 1976. The
annual change rate of mortality was estimated by the slope
of the linear regression using 5-yearly data from 1946 to
1977, and using yearly data for 1978−1987, 1988−1997,
1998−2007, and 2008−2017. Vital statistics did not
record the causes of stillbirth, but the causes of maternal
and neonatal deaths were available after 1981 and 1980,
respectively. The number of maternal death, stillbirths,
and neonatal deaths was performed based on the actual
number of each cause among 100,000 live births, 1000
total births, and 1000 live births respectively. The cause of
deaths was also presented by the proportion of each cause
in each year.

Data were presented with mean (standard deviation).
Linear mixed effect model was used to investigate of the
impact of socio-economic factors on mortalities. Log
transformation was performed on both socio-economic
factors, the QQ plots of residuals was approximately lin-
ear to support the normality assumption of the model,
and the no correlation patterns were seen in the fitted
vs. residual plots to support the constant variance
assumption. The fixed effect of socio-economic factors
was explored against neonatal and maternal death, and
the year was used as random effect to minimize the
impact of collinearity from time. To further explore the
impact of socio-economic factors, multivariable linear
www.thelancet.com Vol 26 September, 2022
mixed effect model was used. Some factors were avail-
able only after 2000; thus, the multivariable regression
model was performed in two stages, between 1961 to
2017 and 2000 to 2017. Multivariable linear mixed
effect model was used to explore the fixed effect of
GDP, total fertility rate (birth per woman), tertiary
school enrolment rate, population density (number of
people per kilometre) after log transformation from
1961 to 2017, and using the year as random effect. The
possession of personal computer among female aged
15−44 years (%), and the access to internet among
female aged 15−44 years (%) were added into the multi-
ple linear mixed effect model from 2000 to 2017. Miss-
ing data were common (Supplementary Table 2). For
univariate regression, no imputation was made to fill the
missing values. For the multivariable linear mixed
model, sensitivity analysis was carried out to assess the
impact of missing data imputation on the estimates of
the model. The sensitivity analysis showed that the
model was robust for the impact of missing data and had
little impact on parameter estimation. Thus, no missing
data handling was made in the multivariable models.

The descriptive analysis was conducted in R and the
figures were produced using Microsoft Excel.22 The lin-
ear mixed effect and multiple mixed effect models were
performed using R with nlme.23 A p-value <0.05 or a
95% CI beyond 0 was defined as statistical significance.
Results
The numbers of live births, maternal deaths, stillbirths,
early and late neonatal deaths, and post-neonatal deaths
were listed in appendix Table 3 and shown in Figure 1.
The MMR (per 100,000 live births) declined from 125
in 1946 to 4¢7 in 1980 and 1¢8 in 2017. There was no
maternal death in 2013 and 2016. The stillbirth rate
(per 1000 total births) reduced from 21¢5 in 1946 to 5¢6
in 1980 and 2¢4 in 2017. The lowest stillbirth rate was
1¢6 in 2012. The early and late neonatal deaths (per
1000 live births) reduced from 14¢1 and 18¢1 in 1946 to
6¢2 and 1¢6 in 1980 and 0¢7 and 0¢4 in 2017, respec-
tively. The lowest early and late neonatal deaths were
0¢6 in 2011 and 0¢2 in 2009, respectively. The post-neo-
natal deaths (per 1000 live births) reduced from 56¢9 in
1946 to 4¢0 in 1980 and 0¢6 in 2017. The lowest was
0¢4 in 2015.

The target of reducing maternal, neonatal mortality,
and stillbirth, set by the United Nation and Every New-
born Action Plan, were persistently met since 1961,
1946, and 1971 respectively. The reduction rates
between three epochs (1946 to 1980, 1980 to 2000 and
2000 to 2017) were 96%, 18% and 68% for maternal
death; 75%, 78% and 36% for neonatal death; 74%,
0¢5% and 56% for stillbirth.

Table 1 showed the annual change rate of maternal
death, stillbirth, early and late neonatal death, and post-
neonatal death. All deaths reduced significantly between
3



Figure 1. The numbers of maternal death, stillbirths, early and late neonatal deaths, and post-neonatal deaths from 1946 to 2017.

Year 1946−1977 1978−1987 1988−1997 1998−2007 2008−2017

Maternal death{ -4¢43 (-6¢39, -2¢47) -0¢33 (-0¢90, 0¢24) -0¢06 (-0¢75, 0¢64) -0¢06 (-0¢43, 0¢32) -0¢10 (-0¢38, 0¢17)
Stillbirthy -0¢41 (-0¢62, -0¢20) -0¢18 (-0¢27, -0¢08) -0¢03 (-0¢18, 0¢12) -0¢27 (-0¢53, -0¢02) 0¢10 (0¢02, 0¢19)
Early neonatal deathz -0¢29 (-0¢40, -0¢16) -0¢36 (-0¢46, -0¢27) -0¢23 (-0¢28, -0¢19) -0¢04 (-0¢08, 0) 0¢01 (-0¢01, 0¢03)
Late neonatal deathz -0¢52 (-0¢62, -0¢42) -0¢04 (-0¢07, -0¢02) -0¢06 (-0¢11, -0¢02) -0¢04 (-0¢03, 0¢01) 0¢01 (-0¢01, 0¢03)
Post neonatal deathz -1¢92 (-2¢64, -1¢19) -0¢20 (-0¢32, -0¢08) -0¢10 (-0¢14, -0¢05) -0¢11 (-0¢14, -0¢08) -0¢02 (-0¢04, 0¢01)
Neonatal death (early and late)z -0¢80 (-0¢91, -0¢70) -0¢41 (-0¢52, -0¢30) -0¢30 (-0¢37, -0¢23) -0¢05 (-0¢10, 0) 0¢02 (-0¢01, 0¢04)

Table 1: The annual change rate (95% CIs) of maternal death, stillbirth, early and late neonatal death and post neonatal death.
The annual change rate was estimated by the regression coefficient and 95% CIs from regression analysis.

{ per 100,000 live births.
y per 1,000 total births.
z per 1,000 live births.

Articles

4

1946 and 1977. All other deaths, except maternal mor-
tality, continued to decrease until 1987. Neonatal deaths
and post-neonatal deaths continued to drop until 1997
and 2007, respectively. The annual change rate of still-
birth reduced between 1998−2007 and raised after
2008.

Table 2 and Figure 2 showed the numbers of mater-
nal death per 100,000 livebirths and their percentages
within the years of each cause of death between 1981
and 2017 (yearly breakdown in appendix Table 4). There
was a total of 92 deaths, ranging from none to eight
deaths in a year. The leading causes of maternal death
in descending order were thromboembolism (34/92, 37¢
0%), obstetric haemorrhage (28/92, 30¢4%), ectopic
pregnancy and hypertensive disorders (8/92, 8¢7%,
respectively), others (8/92, 8¢7%) and pregnancy with
abortive outcome (6/92, 6¢5%). There was no maternal
death due to sepsis. One indirect maternal death hap-
pened in 1983 and 2001, respectively. No specific trend
in the causes of maternal death with time was identified.

The numbers of neonatal death per 1,000 livebirths
and their percentages within the years of each cause of
death between 1980 and 2017 were shown in Table 3
and Figure 3 (yearly breakdown in appendix Table 5).
There was a total of 7772 deaths, ranging from 52 to
667 per year. The leading causes of neonatal death in
descending order were congenital (2339/7772, 30¢1%),
prematurity (2255/7772, 29¢0%), others (1937/7772, 24¢
9%), intrapartum complication (850/7772, 10¢9%),
infection (252/7772, 3¢2%), accident (57/7772, 0¢7%),
pneumonia (63/7772, 0¢8%), sudden infant death syn-
drome (14/7772, 0¢2%) and malignancy (5/7772,
www.thelancet.com Vol 26 September, 2022



1981−1985 1986−1990 1991−1995 1996−2000 2001−2005 2006−2010 2011−2017 1981−2017

Ectopic pregnancy 0¢77 (1¢73) 0 (0) 0¢57 (0¢78) 0 (0) 0 (0) 0 (0) 0¢39 (0¢69) 0¢26 (0¢75)
Death related to abortion 0¢49 (0¢67) 0¢56 (0¢77) 0¢29 (0¢64) 0¢37 (0¢83) 0¢35 (0¢78) 0 (0) 0 (0) 0¢28 (0¢59)
Hypertensive disorders 1¢70 (1¢60) 0 (0) 0¢29 (0¢65) 0¢37 (0¢83) 0 (0) 0 (0) 0¢25 (0¢66) 0¢37 (0¢89)
Obstetric haemorrhage 1¢47 (0¢55) 1¢40 (0¢98) 1¢40 (1¢39) 1¢01 (0¢93) 0¢77 (1¢06) 0¢74 (1¢09) 0¢31 (0¢52) 0¢98 (0¢97)
Thromboembolism 0¢70 (1¢04) 2¢24 (2¢10) 3¢67 (2¢13) 1¢08 (1.00) 0¢82 (1¢13) 1¢07 (0¢62) 0¢23 (0¢62) 1¢34 (1¢64)
Others 0¢51 (0¢69) 0 (0) 0¢56 (0¢76) 0 (0) 1¢24 (1¢13) 0 (0) 0¢23 (0¢62) 0¢35 (0¢70)
Total 5¢64 (2¢71) 4¢20 (0¢98) 6¢78 (2¢69) 2¢84 (1¢63) 3¢18 (1¢06) 1¢81 (0¢63) 1¢41 (1¢18) 3¢57 (2¢43)

Table 2: The average maternal mortality per 100,000 livebirths (standard deviation) by causes, between 1981 and 2017.
The average maternal mortality rate was presented in mean (SD).
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0¢06%). There was no specific trend in the causes of
neonatal death with time.

The regression coefficients of the fixed effect of
social and economic factors on different types of mortal-
ity were shown in Table 4. Higher GDP, lower fertility
rate, higher tertiary education enrolment rate, higher
population density, and higher personal computer and
internet access rate were significantly associated with
lower mortality rates for nearly all mortalities. The effect
of socio-economic factors was further explored with
multivariable linear mixed model, the outcomes are
shown in Table 5 and appendix Table 6 from 1961 to
2017, and 2000 to 2017, respectively. In multivariable
analysis, higher neonatal mortalities were statistically
significant associated with higher fertility rate and lower
tertiary education enrollment rate between 1961-2017.
Every increase of one unit log-transformed fertility rate
(%) or tertiary education enrolment rate (%) was associ-
ated with 1¢22 more log-transformed neonatal death per
1000 livebirths, 95% CI (0¢66, 1¢78) and 0¢94 lower
neonatal death per 1000 livebirths, 95% CI (-1¢2, -0¢68)
respectively. No statistically significant association
between the social and economic factors and maternal
death was seen in multivariable analysis.
Discussion
Although a tremendous reduction of maternal death,
stillbirth and neonatal death was observed in Hong
Kong, the success was not brought up for international
attention and often submerged among international fig-
ures.24 Maternal death is rare in Hong Kong, and the
MMR remains one of the lowest in the world. In 2017,
the country-specific estimates of MMR ranged from 2 to
1150 per 100,000 live births. There were 13 out of 185
countries with MMR less than 5.25 Globally, between
2003 and 2009, indirect death accounted for approxi-
mately 27% of all maternal deaths, while obstetric hae-
morrhage and hypertensive disorders were the most
significant causes of direct death.26 This is similar to
another analysis carried out in sub-Saharan Africa and
South Asia between 2012 and 2016.27 In contrast, the
estimates from Global Burden Disease analysis found
www.thelancet.com Vol 26 September, 2022
indirect death only attributed 10¢2% of all deaths in
2013, a slight increase from 9¢1% in 1990.18 Obstetric
transition on major causes of death could occur with
the reducing mortality rate in HIC.28 Spain, Japan, and
the UK were three countries with MMR of 4, 5, and 7 in
2017, respectively. The proportion of indirect death to
all maternal death also differed among these countries
with a rate of 10¢2% in Spain, 25¢5% in Japan, and
57¢6% in the UK.29−31 Cardiac disease was the major
cause of indirect death. Obstetric haemorrhage
remained the commonest cause of direct deaths in
Japan (20¢2%) and Spain (23¢2%), while thromboem-
bolism took the lead in the UK (13¢8%). Our findings
suggested maternal death due to sepsis and indirect
death are rare, whereas thromboembolism became
the leading cause of death in Hong Kong. The risk
of thromboembolism was 3¢6-fold higher in HIC
than LIC, together with improved detection, safer
abortion, and better obstetric management to other
causes of maternal death could explain this
observation.32

Neonatal death and stillbirth deserve wider attention
since the reduction was slower than maternal and under
five mortality. The proportion of neonatal death to
under-five deaths raised significantly from 40% in
1990 to 47% in 2017.17 2% of global neonatal death
occurred in HIC and its average NMR reduced by 55%,
from 6¢8 to 3 per 1000 livebirth between 1990 and
2017. The low NMR in Hong Kong is comparable to the
lowest NMR found in Japan (0¢9 per 1000 live births).
The composition of neonatal death shifted from infec-
tion and diarrhoea in high mortality countries to pre-
term birth and congenital abnormalities in low
mortality countries.5,33 The average preterm birth rates
in LIC and HIC were 12% and 9¢3%, respectively.34 The
preterm birth rate <34 weeks among HIC ranged from
0¢9 to 2¢2%.35 Prevention of preterm birth is far from
ideal. Using existing preventive interventions could
only achieve an estimated 5% relative rate reduction.36

Indeed, the percentage change in the preterm birth rate
between 2000 and 2014 varies among HIC, from a
46% reduction in Bahrain to a 159% increase in Bel-
gium.37 In Hong Kong, the preterm birth rate among
5



Figure 2. The number (A) and proportion (B) of maternal deaths according to different causes of death between 1981 and 2017.

Articles

6

singleton pregnancies was static from 1995 to 2011,
with an overall preterm birth rate of 6¢5%. Early pre-
term birth accounted for the highest perinatal mortal-
ity.38 Although Kangaroo mother care, antenatal
corticosteroid, magnesium sulphate, and intrapartum
antibiotics coverage can reduce preterm birth complica-
tions, research should focus on the primary prevention
of preterm birth in HIC. 39
www.thelancet.com Vol 26 September, 2022



1980−1985 1986−1990 1991−1995 1996−2000 2001−2005 2006−2010 2011−2017 1980−2017

Infection 0¢17 (0¢03) 0¢11 (0¢09) 0¢08 (0¢02) 0¢04 (0¢03) 0¢08 (0¢09) 0¢07 (0¢04) 0¢08 (0¢05) 0¢09 (0¢06)
Malignancy 0¢004 (0¢009) 0 (0) 0 (0) 0 (0) 0¢004 (0¢009) 0¢003 (0¢007) 0¢002 (0¢004) 0¢002 (0¢006)
Pneumonia 0¢06 (0¢03) 0¢01 (0¢01) 0¢01 (0¢01) 0¢02 (0¢02) 0¢03 (0¢02) 0¢01 (0¢01) 0¢01 (0¢01) 0¢02 (0¢03)
Accident 0¢04 (0¢02) 0¢04 (0¢02) 0¢02 (0¢02) 0¢01 (0¢02) 0¢03 (0¢02) 0¢01 (0¢01) 0¢002 (0¢01) 0¢02 (0¢02)
Congenital 1¢72 (0¢23) 1¢63 (0¢18) 1¢08 (0¢15) 0¢67 (0¢18) 0¢45 (0¢13) 0¢31 (0¢07) 0¢21 (0¢04) 0¢86 (0¢61)
Intrapartum complication 0¢99 (0¢23) 0¢49 (0¢08) 0¢26 (0¢11) 0¢08 (0¢04) 0¢09 (0¢06) 0¢06 (0¢04) 0¢04 (0¢02) 0¢29 (0¢35)
Prematurity 1¢96 (0¢36) 1¢44 (0¢22) 0¢98 (0¢24) 0¢60 (0¢16) 0¢26 (0¢12) 0¢21 (0¢05) 0¢21 (0¢05) 0¢81 (0¢69)
Sudden infant death

syndrome

0¢01 (0¢01) 0¢01 (0¢02) 0¢01 (0¢01) 0¢01 (0¢02) 0 (0) 0¢002 (0¢005) 0 (0) 0¢01 (0¢01)

Others 1¢68 (0¢31) 0¢89 (0¢17) 0¢58 (0¢14) 0¢38 (0¢10) 0¢51 (0¢12) 0¢36 (0¢08) 0¢43 (0¢10) 0¢70 (0¢49)
Total 6¢40 (0¢83) 4¢62 (0¢57) 3¢02 (0¢59) 1¢82 (0¢32) 1¢46 (0¢19) 1¢04 (0¢06) 0¢99 (0¢13) 2¢80 (2¢11)

Table 3: The average neonatal mortality per 1000 livebirths (standard deviation) by causes, between 1981 and 2017.
The average neonatal mortality rate was presented in mean (SD).
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A strong correlation was seen among deaths of preg-
nant women, infants, and newborns.27 Healthcare infra-
structure improvement targeting common risk factors
leading to maternal and perinatal death could result in a
quadruple benefit of lower maternal death, stillbirth,
neonatal death, and better child health.40 Public health
policies, strategies, and health care programs can opti-
mize overall health within the population, such as
improving nutrition and reproductive health, and modi-
fying chronic diseases. The provision of antenatal care
facilitates the engagement of pregnant women to health
services. High-quality intrapartum care and timely
intervention are crucial to prevent mortality as around
40% of foetuses, one-third of neonates, and one-fourth
of mothers died on the day of birth.17,18,41 Long-distance,
poor transportation and communication, high disparity,
lack of experienced birthing attendants and financial
constraints, leading to delay attention and management,
are often linked with increased adverse maternal and
perinatal outcomes.13 We could not evaluate any specific
interventions or changes in health care practices leading
to the tremendous reduction in mortalities, but multiple
factors might partially explain the observation. Hong
Kong is a densely populated city with well-developed
transportation and communication. The government
funds and supports health care services to ensure uni-
versal coverage and no one is denied medical manage-
ment. Free compulsory universal primary and
secondary education is provided to all children under
public sector schools to secure educational attainment
at the population level. Regarding pregnancy and peri-
natal care, an effective continuum of care is developed
through antepartum, intrapartum, and postpartum
care. Regular structured antenatal program care is pro-
vided freely by specialized obstetric units and maternal
and child health centres. All deliveries, except unin-
tended home birth, take place in hospitals where emer-
gency facilities are accessible 24 hours, equipped with
skilful birth attendants, and instrumental and
www.thelancet.com Vol 26 September, 2022
Caesarean delivery are readily available. Standard neo-
natal and childhood immunization follows. Although
HIC usually have similar fundamental functioning
health systems to prevent easily avoidable deaths and
move towards exploring and tackling specific diseases
causing major local burdens, variation in the rate and
causes of mortalities among HIC could be accounted by
the difference in the characteristics of women and the
infrastructure of the health care system. For example, in
the UK, there was a four-fold and two-fold difference in
maternal mortality amongst Black and Asian women
respectively, when compared to white women.29 This
could be related to the limited accessibility of antenatal
care in immigrant women secondary to language bar-
riers, lack of awareness or understanding of the purpose
of antenatal service and income barriers.42 In the
United State, neonatal mortality was highest in unin-
tended/ unplanned home births.43 Hong Kong is a very
densely populated region with >7 million population in
1110km.2 All eight public birthing hospitals are
equipped with advanced neonatal intensive care units
and are in close proximity to the population, together
with the free and easily accessible tertiary maternity
care, which allows antenatal care to reach out to the
minority races and immigrant women and unintended
home births seldom occurs.

Our vital statistics did not capture the gestational
timing of maternal and perinatal deaths and the causes
of stillbirth. Compared to LIC and MIC, where most
stillbirths occur during the intrapartum period (e.g.,
59¢3% in South Asia), antepartum stillbirths were more
common in HIC. A local analysis using International
Classification of Diseases - Perinatal Mortality (ICD-
PM) classification found that 97% of stillbirth occurs
before labour and approximately 30% occurs before 28
weeks of gestation. Small for gestational age/intrauter-
ine growth restriction is commonly associated with
antepartum stillbirth in HIC and presented in 28¢1% of
stillbirth in Hong Kong.44,45 The use of ICD-PM could
7



Figure 3. The number (A) and proportion (B) of neonatal deaths according to different causes of death between 1980 and 2017.
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facilitate correlation with maternal condition and stan-
dard reporting on the timing and causes of stillbirth for
international comparison. The stillbirth rate depends
on the gestational threshold to define viability. One-
third of stillbirths occurred before 28 weeks of gestation
in HIC which could be missed using the World Health
Organization’s definition of stillbirth.44 A lower viability
threshold from 22 gestational weeks, due to increasing
survival with advanced neonatal support, further
amplify the stillbirth rate in HIC.

Another limitation of the study is the inability to
explore the gestational timing of maternal death. There
is a lack of a mechanism for confidential enquiry on
maternal deaths in Hong Kong. Therefore, we cannot
identify risk factors for these deaths and ascertain if
maternal death is more common in antepartum,
www.thelancet.com Vol 26 September, 2022



Stillbirth Early neonatal death Late neonatal death Post neonatal death Neonatal death Maternal death

GDP (per 1 billion USD) -0¢3 (-0¢36, -0¢24) (1¢17)*** -0¢66 (-0¢74, -0¢58) (1¢57)*** -0¢63 (-0¢7, -0¢56) (1¢04)*** -0¢59 (-0¢66, -0¢52) (1¢36)*** -0¢66 (-0¢73, -0¢59) (1¢69)*** -0¢82 (-1¢20, -0¢44) (2¢02)***
Fertility rate (births per woman) 0¢88 (0¢62, 1¢13) (0¢47)*** 1¢98 (1¢6, 2¢37) (0¢02)*** 1¢93 (1¢60, 2¢26) (-0¢45)*** 1¢77 (1¢42, 2¢11) (-0¢02)*** 1¢99 (1¢63, 2¢34) (0¢15)*** 2¢18 (0¢83, 3¢53) (0¢14)**
Tertiary school enrollment (%) -0¢53 (-0¢63, -0¢43) (1¢30)*** -1¢2 (-1¢34, -1¢07) (1¢97)*** -0¢99 (-1¢14, -0¢84) (1¢18)*** -1¢03 (-1¢13, -0¢93) (1¢62)*** -1¢15 (-1¢28, -1¢02) (2¢02)*** -1¢65 (-2¢69, -0¢6) (2¢69)**
Population density

(per 1000 people per km2)

-2¢27 (-2¢70, -1¢84) (9¢16)*** -4¢68 (-5¢38, -3¢98) (17¢91)*** -4¢61 (-5¢13, -4¢09) (17¢18)*** -4¢36 (-4¢85, -3¢86) (16¢62)*** -4¢7 (-5¢30, -4¢09) (18¢12)*** -6¢12 (-8¢89, -3¢35) (23¢49)***

Personal computer (15-44 years, %) -2¢2 (-3¢01, -1¢39) (4¢71)*** -1¢25 (-1¢79, -0¢71) (2¢33)*** -1¢23 (-2¢20, -0¢27) (1¢88)* -1¢63 (-2¢08, -1¢17) (3¢02)*** -1¢23 (-1¢68, -0¢78) (2¢44)*** -8¢02 (-17¢35, 1¢32) (15¢43)
Internet (15−44 years, %) -1¢33 (-1¢87, -0¢78) (3.00)*** -0¢75 (-1¢11, -0¢39) (1¢35)*** -0¢74 (-1¢36, -0¢12) (0¢92)* -0¢98 (-1¢30, -0¢65) (1¢75)*** -0¢74 (-1¢04, -0¢43) (1¢48)*** -4¢26 (-10¢28, 1¢75) (8¢11)

Table 4: The effect of socio-economic factors on perinatal and maternal death (1961−2017).
The analysis was performed by univariable linear mixed effect model after log transformation on socio-economic factors.

Data are presented as regression coefficient of the fixed effect (95% confident interval) (intercept) and significance level (***: <0¢0001; **: <0¢01; *: <0¢05).

Stillbirth Early neonatal death Late neonatal death Post neonatal death Neonatal death Maternal death

Intercepty 14¢69 (-1¢63, 31) -16¢06 (-29¢91, -2¢21) -10¢91 (-31¢3, 9¢48) 6¢85 (-5¢64, 19¢34) -14¢41 (-26¢68, -2¢15) 80¢04 (-91¢95, 252¢04)
GDP (per 1 billion USD)z 0¢50 (-0¢07, 1¢07) -0¢42 (-0¢91, 0¢07) -0¢46 (-1¢17, 0¢26) 0¢22 (-0¢22, 0¢65) -0¢43 (-0¢86, 0) 1¢53 (-4¢50, 7¢57)
Fertility rate (births per woman)z 0¢04 (-0¢71, 0¢78) 1¢36 (0¢73, 2.00)** 0¢82 (-0¢11, 1¢75) 0¢60 (0¢03, 1¢17)* 1¢22 (0¢66, 1¢78)** -4¢07 (-11¢92, 3¢79)
Tertiary school enrollment (%)z -0¢52 (-0¢87, -0¢17)** -1¢04 (-1¢33, -0¢74)*** -0¢66 (-1¢1, -0¢23)** -0¢84 (-1¢10, -0¢57)*** -0¢94 (-1¢2, -0¢68)*** -1¢3 (-4¢95, 2¢35)
Population density (per 1000 people per km2)z -3¢81 (-8¢40, 0¢77) 4¢88 (0¢99, 8¢77)* 3¢29 (-2¢44, 9¢01) -1¢59 (-5¢10, 1¢92) 4¢45 (1¢01, 7¢9)* -21¢27 (-69¢61, 27¢06)

Table 5: The fixed effect of socio-economic factors on neonatal and maternal death (1961−2017) using multivariable linear mixed model.
The analysis was performed by multivariable linear mixed effect model after log transformation on socio-economic factors.

y Data for intercept are presented as intercept of the fixed effect (95% confident interval) and significance level (***: <0¢0001; **: <0¢01; *: <0¢05).
z Data for intercept are presented as regression coefficient of the fixed effect (95% confident interval) and significance level (***: <0¢0001; **: <0¢01; *: <0¢05).
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peripartum, or postpartum. It is also important to con-
firm sepsis and indirect death are rare causes of death
in Hong Kong, since up to 81% of indirect death could
be missed from mortality statistics.46 More women died
post-delivery than during the antepartum and intrapar-
tum periods.44 In the UK, almost half of maternal death
happened between day one to six weeks after birth.29

Prevention should also be condition/disease-specific
once identified. Improving maternal mortality is possi-
ble even in regions with low MMR. 75% reduction of
maternal death from haemorrhage was observed in
Japan following serial education programs and recom-
mendations to the management and emergency simula-
tion programs.31 On the other hand, MMR from
thromboembolism remains static despite the increased
awareness by national recommendations on its
prevention.29,47 Furthermore, vital registration could
fail to record about 50% of maternal death.3 In Hong
Kong, suicide, or other causes, may have escaped from
reporting to vital statistics due to omission, misclassifi-
cation, or misinterpretation.48 Adding a pregnancy
checkbox may help to correct unidentified maternal
death; however, under-reporting continues and errors
from misuse or misclassification could falsely inflate
the mortality rate.49−51 Education on the correct use of
the checkbox is essential.
Conclusion
The maternal and perinatal death have reduced signifi-
cantly in Hong Kong and maintained at the lowest level
globally. Thromboembolism, preterm birth and congen-
ital malformations were the leading cause of maternal
and neonatal deaths, respectively. Indirect maternal
death and sepsis were unusual causes of maternal
deaths.

The changing baseline demographics and advanced
medical care may influence these mortalities in HIC.
Delaying childbearing, a higher proportion of preg-
nancy with advanced maternal age, use of assisted
reproductive technique and increasing incidence of
multiple pregnancies,52 more pregnant women with
complex medical disorders contemplating pregnancy,53

in-utero interventions for complex foetal anomalies 54−56

and lower gestational viability threshold are challenges to
maintain the low mortality rate among HIC. Maternal
and perinatal morbidities are critical issue to follow and
address. We encourage HIC to continue reporting their
maternal and perinatal mortality, with comprehensive
data collection and disaggregation to provide high-quality
data and enable trend tracking. Setting up confidential
enquiry in maternal death and perinatal audit are corner-
stone to identify gaps and finetune local policy targeting
specific local burdens and strive for continuous
improvement.29,31,57−59 Then, HIC could become the pio-
neer to end preventable maternal and perinatal deaths
and pave the road for LIC and MIC.
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