Articles

Sciences and Development,
Faculty of Economics and
Management, University of
Kinshasa, Kinshasa, Democratic
Republic of the Congo

(ZTsala Dimbuene PhD);
Ministry of Health, Rwanda,
Kigali City, Rwanda

(P Uwaliraye MD); UKK Institute
for Health Promotion Research,
Tampere, Finland

(Prof T ) Vasankari PhD);
Universidade de Brasilia,
Brasilia, Distrito Federal, Brazil
(Prof A M N Vasconcelos PhD);
National Research University
Higher School of Economics,
Moscow, Russia

(Prof V'V Vlassov MD);
Uniformed Services University
of Health Sciences, Bethesda,
MD, USA (S Waller MD);
Institute of Basic Medical
Sciences, Chinese Academy of
Medical Sciences, Beijing, China
(XWan PhD); Murdoch
Children’s Research Institute,
Royal Children’s Hospital,
Melbourne, VIC, Australia

(R G Weintraub); University of
Miami, Miami, FL, USA

() D Wilkinson MD); University
of Nottingham, Nottingham,
United Kingdom

(Prof H C Williams DSc); Peking
Union Medical College, Beijing,
China (Prof Y Gonghuan MD);
University of North Carolina at
Chapel Hill, Chapel Hill, NC. USA
(Y CYang PhD); The University
of Hong Kong, Hong Kong
(Prof PYip PhD); National
Center of Neurology and
Psychiatry, Kodira, Tokyo, Japan
(N Yonemoto MPH); Jackson
State University, Jackson, MS,
USA (Prof M Younis PhD);
Department of Epidemiology
and Biostatistics, School of
Public Health, and Global
Health Institute, Wuhan
University, Wuhan, Hubei,
China (Prof CYu PhD); TCM
MEDICALTK SDN BHD,
Nusajaya, Johor Bahru,
Malaysia (K Yun Jin PhD);
Mansoura Faculty of Medicine,
Mansoura, Egypt

(Prof M E S Zaki MD); and
Zhejiang University School of
Public Health, Hangzhou,
Zhejiang, China (Prof S Zhu PhD)
Correspondence to:

Dr Haidong Wang, Institute for
Health Metrics and Evaluation,
University of Washington,
Seattle, WA 98121, USA
haidong@uw.edu

See Online for appendix

976

Panel: Research in context

Continuous efforts have been made in improving child
mortality estimation since the publication of GBD 2010.% In
this study, significant improvements have been made on
several fronts. First, we employed a mixed effects model to
adjust non-sampling data biases with source-type specific
fixed effects across all countries and source-specific random
effects within country. We selected one specific data source in
each country as the reference source, calculated the difference
in the summed fixed and random effects between other
sources and the reference source, and subtracted this
difference from each non-reference source to adjust for data
bias. In the case that multiple sources were selected as the
reference, we took the average value of the selected sources.
More than 300 all-cause mortality experts from around the
world contributed to the selection of the reference data
sources. Second, we used a non-linear mixed effects model to
more accurately capture the functional form between child
mortality rate and other factors including HIV/AIDS. This has
significant implications for the estimation of child mortality in
the most recent time period in which data are sparse and
covariates have a more pronounced effect on final estimates.
Third, we improved our mortality estimation strategy for
neonatal deaths. The new strategy we employed accounted
for the fact that few children die from HIV in the neonatal age
group, and helps improve our estimated age distribution of
deaths in children under 5.

robust, and do not overlap in only eight of 188 cases.
Continued improvements in methods and data
availability, especially for recent years, make the
assessment of trends comparatively unstable. The
correlation between UNICEF annual rates of change
from 1990 to 2007, published in 2009, and
in 2013, is 0-79. The correlation between this study and
Rajaratnam and colleagues® is 0-82. Improvements in
methods and data are to be encouraged, but these
perhaps surprisingly modest correlations mean that the
public health community should be cautious in over-
interpreting trends.

This analysis has many limitations. First, we attempted
to explicitly model the non-sampling error that affects
different surveys in each country (panel). This approach
avoids estimation of false trends due to compositional
bias in the data available for a given year but depends on
the validity of the estimates of non-sampling error.
Unfortunately, external validation of this process is not
possible except in countries with complete vital
registration systems, but most of these countries do not
collect summary or complete birth history data. Second,
the trend for the most recent years is a short-term
estimate for many countries. Our estimates might be too
high or too low in these cases and the Gaussian process
regression appropriately generates widening uncertainty
intervals for them. However, time lags between data

=175 =

collection and inclusion in our synthesis are shortening
for many countries. For example, we included results
from the sample registration system in India to 2012, and
also data for China through to 2013. Third, in our analysis
of the factors contributing to under-5 mortality change in
each region, we included country random effects and
fixed effects on year interacted with region. We might
have underestimated the contribution of local policy and
health-system organisation if these changes are associated
over time within a region. Fourth, although we
systematically searched and identified sources of data for
under-5 mortality, we probably did not identify all data
sources. The large set of collaborators from 100 countries
who participated in GBD 2013 has helped to identify new
sources and assess the quality of existing data, but this
information base can be expanded in the future. Fifth, we
used the Shapley decomposition method to parse out the
contribution of different factors to changes in
under-5 deaths. This method, although computationally
intensive, is intuitive. Although other methods have been
proposed to decompose effects of different factors on
indicators of interest, Shapley value decomposition, to
our knowledge, is most suitable in our application.®*
The vigorous debate on setting development goals for
the post-2015 era is predicated on the belief that global
goal setting and quantitative monitoring can catalyse
change. The acceleration of decreases in under-5 mortality
beyond that expected on the basis of income, education,
and the secular trend, especially in some sub-Saharan
African countries, coincides with the MDG era and
increased investments in these countries in health and
social development programmes by various donors. As
the end of the MDG era approaches, the global public
health community might better serve the needs of
countries by focusing on the accelerated decreases
after 2000 reported here, rather than on which countries
will achieve the arbitrary but seemingly useful targets set
by the MDGs. Galvanising political commitment to
ensure life-saving technologies are implemented will be
crucial. The essential health intelligence that comes from
large global monitoring efforts such as the GBD study
will better focus attention on countries where progress
has been disappointing. The consequences of not doing
so—more than 3 million preventable child deaths
in 2030—would be a scathing indictment of the failure of
the donor, research, and international development
community to collectively build on the impressive
reductions in child mortality that we have come to expect.
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Background

The perinatal mortality rate (PMR) has decreased
rapidly in Japan since the 1950s. Perinatal death
consists of fetal death (stillbirths after 22 weeks of

gestational age), or early neonatal mortality (ENM),
which occurs within 7 days after birth, and reducing

the PMR requires action on both stillbirths and ENM.

This study aimed to: 1) provide the most up-to-date
estimate of the trend in perinatal mortality, and 2)
identify its risk factors.

Table 1. ARIMA time series analysis of perinatal mortality
rate by sex.

Risk ratio 95% CI P value

Male

Rate ratio (Annual) 0.949 0.936 - 0.961 <0.001

AR (D) -0.128 -0.571 - 0.316 0.573
Female

Rate ratio (Annual) 0.950 0.940 — 0.960 <0.001

AR (1) -0.036 -0.557 — 0.486 0.894

Methods

We used a full dataset of singleton mortality
records from the Japan national vital registration
system for the period 1979 - 2010. We conducted
an ARIMA time series analysis of the annual PMR,
by sex, from 1979 to 2010. Risk factors for perinatal
mortality were analyzed using multi-level Poisson
regression with a random effect for prefecture.

Findings

Between 1979 and 2010 there were 40,833,957
pregnancies, and 355,193 perinatal deaths. We
found an annual decrease in PMR of 5% (95%Cl: 4 —

7%) for both sexes, adjusting for serial dependence
(Table 1). Key perinatal mortality risk factors are

shown in Table 2.

Interpretation

Figure 1. Trend in perinatal mortality rate by sex.
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Table 2. Multilevel regression model of key risk
factors for perinatal mortality

Risk ratio 95% Cl1 P value
Birth weight
Normal (2500 - 4000g) 100 N/A
High (>4000g) 251 220-285 <001
Low (2000 ~ 2499¢g) 439 4.19-4.60  <0.01
Very low (1500 ~ 1999g) 572 5.39-6.08 <0.01
Extremely low (<1500g) 4.16 394-441 <0.01
Maternal age
25-29 1.00 N/A
15-19 0.94 0.88 - 1.01 0.08
20-24 107 1L.03-1.11  <0.01
30-34 1.09 106 -1.12  <0.01
35-39 139 134144 <0.01
40-49 1.90 L79-201 <0.01
50-63 155 0.39-6.18 0.54
Gestational age
Term (37 — 41 weeks) 1.00 N/A
Premature (<37 weeks) 2.68 2.56-2381 <0.01
Post mature (>4 wecks) 425 381-473 <0.01
Houschold occupation
Large company 1.00 N/A
Farmer 136 1.28-145  <0.01
Self-employed 130 124 -135 <0.01
Small company 0.89 0.87-092  <0.01
Casual/other 124 120-129  <0.01
Unemployed or unknown 164 1.56-1.72  <0.01

We identified a constant annual percentage decline in PMR. Postmature neonates were at higher
risk of death, as were the infants of older mothers. To continue to reduce the PMR, further

targeting of risk factors is needed.
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Figure 2. Subnational mapping of perinatal mortality rate (left: male, right: female)
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