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Recurrence of adverse perinatal outcomes in developing countries

Fengxiu Ouyang,® Jun Zhang,” Ana Pilar Betran,” Zujing Yang,© Jodo Paulo Souza® & Mario Merialdi®

Objective To evaluate the risk of recurrence of adverse perinatal outcomes in second pregnancies in developing countries.

Methods Data from the 2004-2008 Global Survey on Maternal and Perinatal Health were used to determine the outcomes of singleton
second pregnancies for 61780 women in 23 developing countries. The mother—infant pairs had been followed up until discharge or for
7 days postpartum.

Findings At the end of their second pregnancies, women whose first pregnancy had ended in stillbirth (n="1261) or been followed by
neonatal death (n=1052) were more likely than women who had not experienced either outcome to have given birth to a child with a birth
weight of < 1500 g (odds ratio, OR: 2.52 and 2.78, respectively) or 1500-2499 g (OR: 1.22 and 1.60, respectively), or to an infant requiring
admission to an intensive care unit (OR: 1.64 and 1.68, respectively). At the end of their second pregnancies, those whose first pregnancy
had ended in a stillbirth were at increased risk of another stillbirth (OR: 2.35) and those whose first infant had died as a neonate were at
increased risk of having the second infant die within the first 7 days of life (OR: 2.82). These trends were found to be largely unaffected by
the continent in which the women lived.

Conclusion In the developing world, a woman whose first pregnancy ends in stillbirth or is followed by the death of the neonate is at
increased risk of experiencing the same outcomes in her second pregnancy.

Abstracts in G5 F13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Although stillbirths and neonatal deaths are tragic events to
the affected mothers and their families, they remain com-
mon pregnancy outcomes in developing countries.'~ Almost
all (97-99%) of the estimated 3 to 4 million stillbirths and 3
million neonatal deaths that occur each year globally occur
in low- and middle-income countries.”* The causes of still-
birth and neonatal death are generally inseparable.” The main
risk factors for stillbirth include intrapartum complications,
maternal infection in pregnancy, maternal disorders (such as
hypertension and diabetes), fetal growth restriction and con-
genital abnormalities.’ The additional risk factors for neonatal
death include preterm birth, low birth weight, intrapartum
complications and neonatal infection.”®

Although the women who have suffered stillbirths or seen
their neonates die often still want children, they are naturally
anxious about the recurrence of adverse outcomes during or
after subsequent pregnancies. Most of the data available on the
recurrence of perinatal deaths have come from a few developed
countries that have efficient systems for the registration of
perinatal deaths, and the data on the recurrence of stillbirth
appear to be inconsistent.”® Very little is known about the risks
of such recurrence in developing countries, partly because the
recording of perinatal deaths in such countries — which often
have no reliable maternity and neonatal databank linked to
unique personal identification numbers - is generally poor
and difficult.>>"° The main aim of the present study is to fill
this knowledge gap by examining the associations between
adverse outcomes in the first and second pregnancies among
women in developing countries. The study of recurrence risk
can help identify the causes of adverse pregnancy outcomes
- including, possibly, intrinsic and unavoidable risk factors

relating to the mother - and guide the counselling of women
of childbearing age."

We used survey data collected in 23 developing coun-
tries in Africa, Asia and Latin America as part of the Global
Survey on Maternal and Prenatal Health of the World Health
Organization (WHO). Our main aim was to examine how -
and if - stillbirth or neonatal death in the first pregnancy of a
woman in a developing country affected the risk of stillbirth,
early neonatal death, admission of the infant to a neonatal
intensive care unit (ICU), having a low-birth-weight child and/
or the preterm delivery of a child that was small for gestational
age in that woman’s second pregnancy. A secondary aim was
to see if any associations that we detected differed according
to the continent in which the woman lived. Since parity has
an effect on pregnancy outcome,'’ we analysed only the data
for women whose second pregnancies and deliveries were
included in the Global Survey.

Methods
Study population

The study population and data collection methods used in this
survey are described elsewhere.'"” The data analysed came
from the 2004-2008 Global Survey (the data were collected
in 2004-2005 in Africa and Latin America and in 2007-2008
in Asia). The Global Survey, which was multinational and
facility-based, was originally designed to help develop a system
for monitoring maternal and perinatal health worldwide."
Stratified multistage cluster sampling was used to select study
countries and was followed by random selection of those
health facilities in the study countries that had each recorded
more than 1000 births in the previous year. All women who
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Fig. 1. Flowchart showing the selection of study participants
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¢ Global Survey on Maternal and Perinatal Health.

had delivered at each of the 373 selected
facilities during a specified period of 2
to 3 months were included in the survey
and the corresponding mother-infant
pairs were followed until the women
were discharged or for a maximum
of 7 days postpartum. In the time be-
tween delivery and discharge, trained
data collectors transferred data on each
mother-infant pair from the facility’s
routine medical records onto a standard-
ized abstraction form. We tried to fill any
gaps in the subjects’ medical records via
discussion with attending staff before
the mothers were discharged.

For the Global Survey, data were
collected on 290610 births and 287035
pregnancies. Study facilities were scat-
tered across 24 countries in Africa
(Algeria, Angola, Congo, Kenya, Niger,
Nigeria and Uganda), Asia (Cambodia,
China, India, Japan, Nepal, Philippines,
Sri Lanka, Thailand and Viet Nam) and
Latin America (Argentina, Brazil, Cuba,
Ecuador, Mexico, Nicaragua, Paraguay
and Peru). For the present analysis, all
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60 752 women included in secondary analysis
on birth weights and preterm delivery of
small-for-gestational-age infants

but one of the study countries (Japan)
was categorized as “developing” and
only complete data on singleton second
pregnancies in the developing countries
were included (Fig. 1).

Outcomes of the first pregnancy

For the first pregnancies, the main out-
comes investigated were stillbirth (i.e.
fetal death during or after week 22 of
gestation), neonatal death (i.e. death of
a liveborn infant at an age of <28 days)
and neonatal survival (i.e. infant living
>28 days postpartum). The secondary
outcome investigated — only for infants
who lived for at least 28 days postpar-
tum - was birth weight, which was
categorized as very low, low and normal
when <1500, 1500-2499 and >2500 g,
respectively.

Outcomes of the second
pregnancy

For the second pregnancies, the main
outcomes investigated were stillbirth,
early neonatal death (i.e. death of a live-
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born infant during the first 7 days of life)
and admission of the infant to a neonatal
ICU (or a similarly high level of care).
The secondary outcomes investigated
were birth-weight category (very low,
low or normal) and the preterm delivery
of an infant that was small for gestational
age. There were 745 individuals with
missing birth weights or gestational
ages and 283 “outliers” who had birth
weights that fell below percentile 0.001
or above percentile 99.999. This left
60752 infants with valid gestational ages
and birth weights for inclusion in our
analyses (Fig. 1).

Small size for gestational age was
defined as a birth weight below the 10th
percentile of the continent-specific
reference values for the same week of
gestation. The reference values were
determined using the singleton birth
weights recorded in the Global Survey
and a percentile calculator.”” For week
40, the mean (and standard deviation,
SD) singleton birth weights recorded
in Africa (n=24221), Asia (n=28936)
and Latin America (n=26122) were
3252.4(480.0),3099.1 (455.8) and 3346.2
(435.2) g, respectively.

Definitions of major covariates

All the major covariates that we assessed
were variables examined for the second
pregnancy. They included maternal
sociodemographic factors, medical
conditions and obstetric complications
(see next section). Gestational age, in
completed weeks, was based on the best
obstetric estimate. Hypertensive disor-
ders were categorized as chronic or as
gestational hypertension, pre-eclampsia
or eclampsia.

Statistical analysis

Statistical significance was investigated
using mixed-model analysis-of-variance
F-tests for the continuous variables and
X’ tests for the categorical data (Table 1).
We then used multinomial regressions to
evaluate odds ratios (ORs) for very low
and low birth weights (compared with
normal birth weights; Table 2) and for
stillbirth and early neonatal death (com-
pared with neonatal survival; Table 3) in
the second pregnancy, according to the
outcome of the first pregnancy. Logistic
regressions were used to evaluate the as-
sociations between previous pregnancy
outcomes and the preterm delivery of an
infant who was small for gestational age
or admission of the infant to a neonatal
ICU (Table 4).
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Table 1. Characteristics at second delivery of 61780 women from 23 developing countries, 2004—2008

Characteristic at second delivery Women (%) whose first pregnancy was followed by: P
Stillbirth? Neonatal death® Neonatal survival®
(n=1261) (n=1052) (n=59467)
Mean age at delivery, years (SD) 25.1(5.1) 24.5(4.8) 26.2(5.0) <0.001
Mean infant birth weight, g (SD) 3001 (568) 2953 (605) 3115 (524) <0.001
Age (years) <0.001
<18 2.1 2.7 1.5
18-34 92.0 92.6 91.8
>35 59 4.8 6.7
Marital status <0.01
Married 87.1 91.7 89.5
Single 12.9 8.3 10.5
Education (years) <0.001
>7 66.8 65.5 72.8
<7 33.2 34.5 27.2
Urinary infection 43 54 6.3 <0.01
Any antenatal antibiotic treatment 8.6 83 9.0 0.64
Diabetes 0.7 1.0 0.6 0.25
Hypertensive disorder <0.001
None 91.6 929 95.0
Chronic or gestational hypertension 4.1 35 27
Pre-eclampsia 36 3.1 20
Eclampsia 0.8 0.5 0.2
Gestational age (weeks) <0.001
<34 42 53 1.8
34-36 9.7 93 7.0
>37 86.0 85.3 91.1
Onset of labour <0.05
Spontaneous 77.3 826 804
Induced 94 6.4 8.3
No labour 133 11.0 113
Pre-labour rupture of membranes 8.8 79 83 0.75
Fetal presentation at delivery <0.001
Cephalic 93.5 94.1 96.1
Breech and other 6.5 59 39
Mode of delivery <0.001
Vaginal 679 683 744
Caesarean section 32.1 317 25.6
Level of health facility <0.01
Primary or secondary 41.8 386 437
Tertiary 53.1 552 50.0
Other referral level 5.1 6.2 6.3
Continent of residence <0.001
Africa 354 358 25.0
Latin America 19.3 20.2 344
Asia 452 439 40.6
Outcome
Small size for gestational age 10.0 14.0 93 <0.001
Neonate admitted to ICU 13.7 135 7.8 <0.001
Stillbirth 46 33 14 <0.001
Early neonatal death 1.1 24 0.6 <0.001

|CU, intensive-care unit; SD, standard deviation.

@ All values in column are percentages except for maternal age at delivery and infant birth weight, which are expressed as means and SDs.
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Table 2. Associations between adverse outcomes in the first pregnancy (FP) and birth weight in the second pregnancy (SP), 23

developing countries, 2004-2008°

Birth weight in SP and outcome  No. (%) of infants with OR (95% Cl) from:

of FP low birth weight in SP Unadjusted model Model 1* Model 2¢
<1500¢g

Infant alive at 28 days 468 (0.8) 1.00 (=) 1.00 (=) 1.00 (=)
Stillbirth 25 (2.0) 2.66 (1.78-3.98) 2.74 (1.85-4.07) 252 (1.68-3.76)
Neonatal death 24(23) 3.17 (2.03-4.96) 299 (1.91-4.69) 2.78 (1.69-4.56)
1500-2499 g

Infant alive at 28 days 4488 (7.7) 1.00 (-) 1.00 (=) 1.00 (-)
Stillbirth 132(10.7) 146 (1.18-1.81) 1.35 (1.09-1.68) 1.22 (0.99-1.52)

Neonatal death 139 (13.5)

191 (1.57-2.34)

1.67 (1.37-2.04)

1.60(1.31-1.96)

(l, confidence interval; OR, odds ratio.

* No data on birth weights were available for 1028 second pregnancies. The data for the remaining 60752 births in second pregnancies (517, 4759 and 55476 with
birth weights of < 1500, 1500-2499 and > 2500 g, respectively) were included in the analysis. The corresponding first pregnancies had ended in stillbirth (n=1232),
neonatal death (n=1029) or an infant who lived for at least 28 days postpartum (n=>58491). The reference group comprised second pregnancies with birth weights
of >2500 g.

® Adjusted for maternal age (< 18, 1834 or > 35 years), marital status, education (<7 or > 7 years or unknown), country of residence (22 indicator variables were
generated for the 23 countries) and level of health facility (primary or secondary, tertiary or other referral level).

¢ Adjusted as for Model 1, with additional adjustments for diabetes, hypertensive disorders, mode of delivery, type of onset of labour, pre-labour rupture of
membranes, fetal presentation at delivery, urinary infection, and any antenatal antibiotic treatment.

Table 3. Associations between adverse outcomes in the first pregnancy and stillbirth or neonatal death in the second pregnancy (SP), 23
developing countries, 2004-2008°

Pregnancy and outcome No. (%) of women OR (95% Cl) from:
Second First with outcome in 5P Unadjusted model Model 1* Model 2¢ Model 3¢
Stillbirth Infant alive at 28 817 (1.4) 1.00 (=) 1.00 (=) 1.00 (=) 1.00 (=)
days
Stillbirth 58 (4.6) 3.48(2.52-4.79) 2.79(1.97-3.94) 2.35(1.65-3.37) 1.91(1.25-2.92)
Neonatal death 35(3.3) 2.52(1.79-3.54) 1.81(1.31-2.51) 1.73(1.23-2.42) 1.08 (0.73-1.58)
Early neonatal  Infant alive at 28 360 (0.6) 1.00 (=) 1.00 (=) 1.00 (=) 1.00 (=)
death days
Stillbirth 13 (1.0) 1.77 (1.01-3.10) 1.61 (0.90-2.89) 1.32(0.74-2.35) 1.10 (0.56-2.17)
Neonatal death 25(24) 408 (2.70-6.17) 3.21(2.03-5.08) 2.82(1.76-4.52) 2.19(1.29-3.73)

(l, confidence interval; OR, odds ratio.

2 The data for 61780 second pregnancies (910 and 398 of which ended in stillbirth and early neonatal death, respectively) were included in the analysis. The
corresponding first pregnancies had ended in stillbirth (1=1261), neonatal death (n=1052) or an infant who lived for at least 28 days postpartum (n=59467). The
reference group comprised the 60472 second pregnancies in which the infant survived for at least 7 days postpartum.

® Adjusted for maternal age (< 18, 1834 or > 35 years), marital status, education (<7 or > 7 years or unknown), country of residence (22 indicator variables were

generated for the 23 countries) and level of health facility (primary or secondary, tertiary or other referral level).

¢ Adjusted as for Model 1, with additional adjustments for diabetes, hypertensive disorders, mode of delivery, type of onset of labour, pre-labour rupture of
membranes, fetal presentation at delivery, urinary infection, and any antenatal antibiotic treatment.
4 Adjusted as for Model 2, with additional adjustments for small size for gestational age and gestational age (< 34, 34-36 or > 37 weeks) in the second pregnancies.

We included covariates that were
of a priori interest (Model 1) or that
are known risk factors for adverse
pregnancy outcomes (Model 2) in all of
the logistic and multinomial regression
models. Covariates in Model 1 included
sociodemographic factors that may in-
fluence the outcomes of second pregnan-
cies, such as maternal age (categorized
as <18, 18-34 or =35 years), marital
status, years of education (categorized
as <7 or 27 or unknown), country of
residence (22 indicator variables were
generated for 23 countries), and the level
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of the health facility in which the second
pregnancy was managed (categorized as
primary, secondary, tertiary or “other”).
In Model 2 we used the same covariates
plus several maternal medical condi-
tions and obstetric factors (pre-existing
diabetes, hypertensive disorders, mode
of delivery, type of onset of labour,
pre-labour rupture of membranes, fetal
presentation at delivery, urinary infec-
tion and antenatal antibiotic treatment).
Since small size for gestational age and
preterm birth are major risk factors
for fetal and/or neonatal death,' " we

investigated a third model (Model 3)
that included small size for gestational
age and preterm status (categorized as a
gestational age at birth of < 34, 34-36 or
>37 weeks), as well as all of the covari-
ates included in Model 2 (Table 3).
Among the women who had first
pregnancies that ended in neonate sur-
vival, we also investigated if very low or
low birth weight in the first pregnancy
was associated with stillbirth, preterm
birth of a small-for-gestational age in-
fant and/or admission of the infant to a
neonatal ICU in the second pregnancy,
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Table 4. Associations between an adverse outcome in the first pregnancy and the preterm delivery of a small-for-gestational-age
(SGA) infant or admission of the neonate to an intensive care unit (ICU) in the second pregnancy (SP), 23 developing countries,

2004-2008*

Pregnancy and outcome No. (%) of women OR (95% Cl)

Second First with outcome in SP Unadjusted model Model 1* Model 2¢

Preterm, SGA infant Infant alive at 28 days 630 (1.1) 1.00 (-) 1.00 (=) 1.00 (=)
Stillbirth 23(1.9) 1.75(1.19-2.58) 1.72 (1.17-2.53) 1.38 (0.88-2.15)
Neonatal death 18 (1.8) 1.64 (0.94-2.83) 146 (0.86-2.47) 1.26 (0.72-2.23)

Admission of neonate  Infant alive at 28 days 4549 (7.8) 1.00 (-) 1.00 (-) 1.00 (-)

to ICU Stillbirth 165 (13.7) 1.89 (1.37-2.60) 1.92 (1.50-2.45) 1.64 (1.26-2.13)
Neonatal death 137 (13.5) 1.85(1.48-2.31) 1.92 (1.57-2.35) 1.68 (1.38-2.04)

(l, confidence interval; OR, odds ratio.

¢ The data for 60752 second pregnancies (671 of which ended in a preterm, SGA infant) and for 60840 second pregnancies (4851 of which ended in neonatal
admission to an ICU) were included in the analysis of size for gestational age and of neonatal ICU admissions, respectively. The corresponding first pregnancies
had ended in stillbirth (n=1232 for analysis of size for gestational age; n= 1203 for the ICU admission analysis), neonatal death (n= 1029 for the analysis of size for
gestational age; n= 1016 for the ICU admission analysis) or an infant who lived for at least 28 days postpartum (n=>58491 for the analysis of size for gestational age
and 58621 for the ICU admission analysis). The reference group for the analysis of size for gestational age comprised the 60079 second pregnancies in which the
infant was not preterm and small for gestational age, whereas that for the ICU admission analysis comprised the 55989 second pregnancies in which the neonate

did not require admission to an ICU.

® Adjusted for maternal age (< 18, 1834 or > 35 years), marital status, education (<7 or > 7 years or unknown), country of residence (22 indicator variables were

generated for the 23 countries) and level of health facility (primary or secondary, tertiary or other referral level).

¢ Adjusted as for Model 1, with additional adjustments for diabetes, hypertensive disorders, mode of delivery, type of onset of labour, pre-labour rupture of
membranes, fetal presentation at delivery, urinary infection, and any antenatal antibiotic treatment.

Table 5. Association between birth weight in the first pregnancy (FP) and outcome of the second pregnancy (SP), 23 developing

countries, 2004-2008*

Outcome of SP and birth weight in FP No. (%) of women OR (95% Cl) from:

with outcome in 5P Unadjusted model Model 1* Model 2¢
Preterm, SGA infant
>2500¢g 371(0.8) 1.00 (=) 1.00 (=) 1.00 (=)
1500-2499 g 114 (2.5) 3.11(242-4.01) 2.75(2.12-3.57) 2.52(1.91-3.31)
<1500 g 9(3.7) 4.67 (243-8.99) 4.70 (2.43-9.08) 3.81(1.88-7.74)
Admission of neonate to ICU
>2500¢g 3210 (7.1) 1-00 (-) 1.00 (-) 1.00 (-)
1500-2499 g 420 (9.3) 1.34(1.17-1.54) 1.48 (1.32-1.66) 144 (1.28-1.63)
<1500 g 38 (16.1) 2.50(1.77-3.53) 249 (1.73-3.60) 2.29(1.55-3.38)
Stillbirth
>2500¢ 559 (1.2) 1.00 (-) 1.00 (-) 1.00 (-)
1500-2499 g 88(1.9) 1.57 (1.21-2.05) 1.31 (1.05-1.65) 1.30 (1.04-1.61)
<1500 ¢g 10 (4.1) 342 (1.79-6.52) 3.83(1.96-7.47) 3.50 (1.85-6.62)

(l, confidence interval; ICU, intensive care unit; OR, odds ratio; SGA, small-for-gestational-age.

2 The analysis was restricted to the women who, as a result of their first pregnancies, had a child who survived for at least 28 days postpartum. The children from these
first pregnancies had birth weights of > 2500 g (n=45041-45635, depending on the second pregnancy outcome being considered), 1500-2499 g (n=4512-4602)
or <1500 g (n=236-246). In each model, the risk of each adverse outcome of the second pregnancy increased as the birth weight of the infant resulting from the
first pregnancy decreased (P<0.001 for each trend).

® Adjusted for maternal age (< 18, 18-34 or > 35 years), marital status, education (<7 or > 7 years or unknown), country of residence (22 indicator variables were
generated for the 23 countries) and level of health facility (primary or secondary, tertiary or other referral level).

¢ Adjusted as for Model 1, with additional adjustments for diabetes, hypertensive disorders, mode of delivery, type of onset of labour, pre-labour rupture of
membranes, fetal presentation at delivery, urinary infection and any antenatal antibiotic treatment.

with adjustment for the same covariates
considered in Model 1 or 2 (Table 5).
Small sample sizes precluded an inves-
tigation of the association between neo-
natal death in the second pregnancy and
low birth weight in the same pregnancy.

Generalized estimating equations
were applied to all logistic and multi-

nomial regression models and indepen-
dence correlation structures were used
to adjust for the variable correlation
within each health facility. All of the data
analysis was performed using version 9.1
of the SAS software package (SAS Insti-
tute, Cary, United States of America).
A P-value of <0.05 was considered
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indicative of a statistically significant
difference or association.

Results

The present study was based on the data
for 61 780 women who had been includ-
ed in WHO’s Global Survey on Maternal
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and Prenatal Health as they experienced
their second pregnancies. The mean age
of these women at their second deliver-
ies was 26.1 years (SD:5.0 years). They
lived in Africa (25.4%), Asia (40.7%)
or Latin America (33.8%). In their
first pregnancies, there had been 1261
stillbirths and 1052 neonatal deaths
(Table 1). In their second pregnancies,
there had been 910 stillbirths and 398
early neonatal deaths.

The women could be split into three
groups according to the outcomes of
their first pregnancies (i.e. whether the
first pregnancies had ended in stillbirth,
neonatal death or neonatal survival).
Although these three groups of women
showed similar frequencies of antenatal
antibiotic treatment, diabetes and pre-
labour rupture of membranes in their
second pregnancies (P> 0.05 for each),
they differed significantly in terms of
most of the maternal demographic vari-
ables, maternal medical conditions and
obstetric factors that had been recorded
for the second pregnancies and also in
terms of the outcomes of their second
pregnancies (P <0.05 for each; Table 1).

In Model 2 - after adjusting for
possible confounders and in comparison
with the women whose first pregnancies
had ended in neonate survival (Table 2)
- the women who had previously suf-
fered a stillbirth were found to be
significantly more likely to have had a
second pregnancy ending in the delivery
of an infant with very low birth weight
(OR: 2.52; 95% confidence interval, CI:
1.68-3.76) — but not more likely to have
delivered an infant with low birth weight
(OR: 1.22; 95% CI: 0.99-1.52). In the
same model, and again in comparison
with the women whose first pregnancies
had ended in neonate survival (Table 2),
the women who had previously suffered
a neonatal death were found to be more
likely to have had second pregnancies
ending with the delivery of an infant
with low birth weight (OR: 1.60; 95%
CI: 1.31-1.96) or very low birth weight
(OR: 2.78; 95% CI: 1.69-4.56). Of the
infants delivered at the end of the second
pregnancies, those born to women who
had previously suffered a stillbirth or
neonatal death were at increased risk of
admission to an intensive-care unit (OR:
1.64 and 1.68, respectively; P<0.001 for
each; Table 4).

In their second pregnancies, in
comparison with the women whose
first pregnancies had ended in neonate
survival, the women who had previously
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suffered a stillbirth were more likely to
have had a stillbirth (4.6% versus 1.4%)
and, similarly, the women who had pre-
viously suffered a neonatal death were
more likely to have had an infant that
died as a young neonate (2.4% versus
0.6%) (Table 1 and Table 3). The results
from Model 1 indicate that, after adjust-
ment for demographic variables and
the level of the health facility where the
delivery occurred - and in comparison
with the women whose first pregnan-
cies had ended in neonate survival
- the odds of stillbirth in the second
pregnancy were 2.79-fold higher (95%
CI: 1.97-3.94) for the women who had
already suffered a stillbirth and 1.81-
fold higher (95% CI: 1.31-2.51) for the
women who had previously suffered a
neonatal death (Table 3). In comparison
with the women whose first pregnancies
had ended in neonate survival, the odds
of early neonatal death in the second
pregnancy were 3.21-fold higher (95%
CI: 2.03-5.08) for the women who
had already suffered a neonatal death
but were not significantly higher (OR:
1.61;95% CI: 0.90-2.89) for the women
who had previously suffered a stillbirth
(Table 3). These associations were found
to be slightly weaker after the additional
adjustments made - for known risk
factors for stillbirth or neonatal death
— in Model 2 (Table 3). In Model 3,
the additional adjustments for small
size for gestational age and preterm
status further reduced the odds of the
second pregnancy of a woman who had
previously suffered a stillbirth ending
in a second stillbirth - from an OR of
2.35(95% CI: 1.65-3.37) to one of 1.91
(95% CI: 1.25-2.92) - and the odds of
a woman who had previously suffered a
neonatal death giving birth to a second
child who died as a young neonate -
from an OR 0f 2.82 (95% CI: 1.76-4.52)
to an OR of 2.19 (95% CI: 1.29-3.73).
However, the addition of small size for
gestational age and preterm status to
Model 3 left no significant association
between neonatal death after the first
pregnancy and stillbirth in the second
pregnancy (Table 3).

In Model 2, after adjustment for
possible confounders, the women whose
infants were alive 28 days after their
first pregnancies were found to be at
increased risk of the preterm birth of an
infant who was small for gestational age,
infant admission to an ICU and stillbirth
in their second pregnancies if their first
child had alow or very low birth weight,

Bull World Health Organ 2013;91:357-367

Fengxiu Ouyang et al.

than if that child had a normal birth
weight (Table 5).

The associations that we detected
appeared to be largely unaffected by the
women’s continent of residence (Table 6
and Table 7).

Discussion

In this study, women with an adverse
outcome (i.e. stillbirth, neonatal death,
infant with low birth weight and/or
infant with very low birth weight) in
their first pregnancy were found to be
at increased risk of an adverse outcome
(i.e. stillbirth, neonatal death, neonate
requiring admission to an ICU, pre-
term birth of an infant that was small
for gestational age, an infant with low
birth weight or very low birth weight)
in their second pregnancies, indicat-
ing that some of the adverse outcomes
have causes in common. Of note, after
adjusting for small size for gestational
age, preterm status and other covariates,
women who had had a first pregnancy
that ended in a stillbirth still appeared
to be at increased risk of stillbirth at the
end of their second pregnancy, while
women who had seen their first children
die as neonates were at increased risk of
seeing a live birth followed by early neo-
natal death in their second pregnancies.

In earlier investigations, perinatal
deaths have been associated with an
increased risk of low-birth-weight
infants in subsequent pregnancies.'® "
Low birth weights probably reflect sub-
optimal fetal environments and/or short
pregnancies.' Very low birth weights are
generally preterm infants.'” Even among
the women whose first children survived
for at least 28 days postpartum, there
was a strong link between very low birth
weights in the first pregnancy and the
risk of stillbirth in the second pregnancy.
These findings indicate that the causes of
at least some perinatal deaths are related
to the causes of very low birth weights.

In this study, recurrence associa-
tions for stillbirth and neonatal death
were seen even after adjustment for the
known risk factors for perinatal death
and potential confounders. Stillbirths in
the first two pregnancies may therefore
have common biological causes beyond
any known risk factors for stillbirth
that may develop during the second
pregnancy. This may also be true for
neonatal deaths.

Although there have been a few
previous population-based studies on
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Table 6. Associations between adverse outcomes of the first pregnancy (FP) and stillbirth in the second pregnancy, by continent, 23
developing countries, 2004-2008°

Outcome of FP by continent No. (%) of OR (95% Cl) from:

women with Unadjusted model Model 1* Model 2¢ Model 3¢

outcome

Africa
Infant alive at 28 days (n=14771) 324 (2.2) 1.00 (=) 1.00 (=) 1.00 (=) 1.00 (=)
Stillbirth (n=442) 32(7.2) 348(2.32-5.21) 3.34(2.18-5.12) 2.65 (1.64-4.27) 2.06 (1.21-3.49)
Neonatal death (n=367) 14 (3.8) 1.77 (1.10-2.83) 1.68 (1.05-2.69) 1.53 (0.87-2.68) 1.05 (0.55-2.02)
Asia
Infant alive at 28 days (n=23989) 342 (1.4) 1.00 (=) 1.00 (-) 1.00 (=) 1.00 (-)
Stillbirth (n=>564) 19 (3.4) 241 (1.36-4.27) 2.01(1.06-3.79) 1.59 (0.86-2.91) 1.47 (0.69-3.15)
Neonatal death (n=451) 19(4.2) 3.04 (1.89-4.88) 2.08(1.37-3.17) 1.90 (1.23-2.94) 1.14 (0.71-1.82)
Latin America
Infant alive at 28 days (n=20347) 151(0.7) 1.00 (-) 1.00 (=) 1.00 (-) 1.00 (=)
Stillbirth (n=242) 7029 3.98 (1.65-9.61) 4.17 (1.72-10.15) 3.70(1.61-851) 3.08 (1.32-7.20)

Neonatal death (n=209)

1.29 (0.18-9.16)

1.24(0.18-8.78)

1.14 (0.17-7.49)

0.34(0.07-1.70)

(l, confidence interval; OR, odds ratio.

2 The data for 61382 second pregnancies (910 of which ended in stillbirth) were included in the analysis. The reference group comprised the 60472 second
pregnancies in which the infant survived for at least 7 days postpartum.
® Adjusted for maternal age, marital status, education (< 7 or > 7 years or unknown), country of residence (22 indicator variables were generated for the 23 countries)
and level of health facility (primary or secondary, tertiary or other referral level).
¢ Adjusted as for Model 1, with additional adjustments for hypertensive disorders, mode of delivery, type of onset of labour, pre-labour rupture of membranes, fetal
presentation at delivery, urinary infection, and any antenatal antibiotic treatment.
4 Adjusted as for Model 2, with additional adjustments for small size for gestational age and gestational age (< 34, 34-36 or > 37 weeks) in the second pregnancies.

Table 7. Associations between adverse outcomes of the first pregnancy and early neonatal death in the second pregnancy, split
according to continent, 23 developing countries, 2004—2008°

Outcome of FP by continent No. (%) of OR (95% CI) from:

women with Unadjusted model Model 1* Model 2¢ Model 3¢

outcome

Africa
Infant alive at 28 days (n=14554) 107 (0.7) 1.00 1.00 1.00 1.00
Stillbirth (n=415) 5(1.2) 1.65 (0.58-4.65) 1.72 (0.57-5.19) 145 (0.50-4.25) 1.56 (0.54-4.49)
Neonatal death (n=363) 10 (2.8) 3.82(1.81-8.07) 3.06 (1.33-7.04) 2.70(1.08-6.72) 2.07 (0.65-6.55)
Asia
Infant alive at 28 days (n=23797) 150 (0.6) 1.00 1.00 1.00 1.00
Stillbirth (n=551) 6(1.1) 1.74 (0.80-3.75) 147 (0.67-3.19) 1.14 (0.54-2.41) 0.87 (0.34-2.25)
Neonatal death (n=443) 11(2.5) 401 (2.23-7.23) 3.27 (1.74-6.14) 2.60 (1.37-4.95) 2.30(1.26-4.21)

Latin America

Infant alive at 28 days (n=20299) 103 (0.5) 1.00 1.00 1.00 1.00
Stillbirth (n=237) 2(0.8) 1.67 (0.43-6.53) 1.73 (0.45-6.74) 1.67 (0.43-6.55) 140 (0.31-6.33)
Neonatal death (n=211) 4(1.9) 3.79 (1.35-10.62) 3.83(1.38-10.63) 398 (1.42-11.18) 292 (1.07-7.98)

Cl, confidence interval; FP, first pregnancy; OR, odds ratio.
? The data for 60870 second pregnancies (398 of which ended in early neonatal death) were included in the analysis. The reference group comprised the 60472
second pregnancies in which the infant survived for at least 7 days postpartum.
b Adjusted for maternal age, marital status, education (< 7 or > 7 years or unknown), country of residence (22 indicator variables were generated for the 23 countries)
and level of health facility (primary or secondary, tertiary or other referral level).
¢ Adjusted as for Model 1, with additional adjustments for hypertensive disorders, mode of delivery, type of onset of labour, pre-labour rupture of membranes, fetal
presentation at delivery, urinary infection, and any antenatal antibiotic treatment.
4 Adjusted as for Model 2, with additional adjustments for small size for gestational-age and gestational age (< 34, 34-36 or > 37 weeks) in the second pregnancies.

stillbirth recurrence in the second preg-
nancy, the findings were inconsistent.”"’
In a study in the Grampian region of
Scotland, in the United Kingdom of
Great Britain and Northern Ireland, no
association was detected between still-
birth in one pregnancy and the risk of

stillbirth in the subsequent pregnancy.’
In an analysis of data collected across
Scotland, however, women who had pre-
viously suffered a stillbirth were found to
be almost twice as likely to have a preg-
nancy ending in stillbirth (OR: 1.94; 99%
CI: 1.29-2.92) than women who had no
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history of stillbirths.® The present results
indicate that — in developing countries
at least - stillbirths in first pregnancies
are often predictors of the same adverse
outcome in second pregnancies. The
strength of this association in our study
population was similar to that reported
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in a study of national data from Sweden"
but weaker than that reported in a study
based in the state of Missouri, in the
USA (OR: 5.8; 95% CI: 3.7-9.0).”

Our findings appear to be biologi-
cally plausible. Stillbirths have diverse
etiologies."”*'** Although we adjusted
in our analysis for many maternal and
fetal factors, there were still a few fac-
tors that we did not take into account.
For example, we did not consider the
impact of genetic abnormalities and
birth defects, which are known to recur
through multiple pregnancies.” In ad-
dition, > 20% of stillbirths are currently
“unexplained” by maternal, obstetric,
placental or fetal factors.”>** Although
there is no available evidence to support
this possibility, a previous history of
stillbirth may still be a useful predictor
of even these “unexplained” stillbirths.

Since they are at increased risk of an
adverse outcome in their second preg-
nancies, women who have suffered an
adverse outcome in their first pregnan-
cies should be immediately identified as
“at-risk’, offered educational materials/
pamphlets — and/or be invited to at-
tend educational courses — on the risks
and prevention of adverse outcomes
in pregnancy, and be encouraged to
attend a hospital for any subsequent
deliveries and, if appropriate and pos-
sible, be offered emergency obstetric
care for subsequent pregnancies.””’ It is
also important to raise awareness at the
community level of the risks and needs
of such women. Home visits for women
and children and the participation of
women’s groups have been identified
as useful, evidence-based, community
strategies for reducing reproductive,
maternal, neonatal and child mortality
and for promoting reproductive health.®

In this study, controlling for mater-
nal medical conditions and pregnancy
complications weakened the association
between stillbirth in the first pregnancy
and the preterm delivery of an infant
who was small for gestational age at the
end of the second pregnancy (Table 4).
Similarly, controlling for small size
for gestational age and preterm status
weakened the association between death
of the neonate after the first pregnancy
and stillbirth in the second pregnancy
(Table 3). It therefore appears that ma-
ternal medical conditions, pregnancy
complications, small size for gestational
age and preterm (especially very pre-

364

term) delivery may play a substantial
role in the occurrence of perinatal death.

The present study appears to be
the first multinational investigation of
the recurrence of adverse pregnancy
outcomes in developing countries. Its
strengths include the large sample size,
the consideration of multiple, maternal,
medical and obstetric factors, and its use
of fairly detailed information on preg-
nancy outcomes and neonatal mortality.
The data on second pregnancies that
were used in the analysis were all col-
lected over a period of just 2-3 months.
This minimized the potentially confus-
ing effects of any long-term trends that
may have occurred in the variables that
were recorded, such as decreases in still-
birth rates as the general levels of health
care gradually improved.”

Our study also had several limita-
tions. To be included in the study, a
woman had to have delivered at a health
facility that dealt with > 1000 births per
year. This inclusion criterion excluded
data from very small hospitals and
home births. Consequently, the findings
may not be generalized to the countries
and continents involved in this study,
especially not to those countries where
delivery in a health facility is the excep-
tion rather than the norm. We could not
make any allowance for the effects of
maternal smoking, the mother’s body
mass index before she became pregnant
or the interval between the mother’s first
and second pregnancies, since no data
on these variables were recorded in the
Global Survey. However, smoking and
pre-pregnancy body mass index are
known to have an impact on two of the
covariates that we did consider in some
of our models: small size for gestational
age and preterm status.'”>* In the pres-
ent study, size for gestational age status
may have been recorded inaccurately
for antepartum stillbirths because, for
the infants concerned, gestational age
at delivery may have been longer than
gestational age at death. Such inaccuracy
may have led to the misclassification of
some stillborns as small for gestational
age. Finally, no account was taken of
the duration of each woman’s hospi-
talization for her deliveries although,
in countries where women who have
been admitted for delivery are generally
discharged a few days postpartum, many
neonatal deaths may occur at home and
never be listed in the woman’s medical
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records. In China, for example, around
17% of the infants born in urban hos-
pitals were found to have died at home
during their first 28 days of life.”" If, in
the present study, mothers had been
discharged before their infants had died
aged < 7 days, the outcomes of their
pregnancies would have been incorrectly
recorded as neonate survival. However,
the number of early neonatal deaths
missed because of rapid discharge from
Chinese hospitals should have been
relatively small because about 63% of
neonatal deaths in China occur within
2 days of birth.”

In conclusion, analyses of data
collected as part of the WHO’s Global
Survey on Maternal and Prenatal
Health indicate that an adverse out-
come in the first pregnancy of a woman
living in the developing world is often
a predictor of an adverse outcome
in that woman’s second pregnancy.
A woman whose first pregnancy had
ended in a stillbirth or in the birth
of an infant who died as a neonate
was at increased risk of suffering ex-
actly the same tragedy in her second
pregnancy. The identification of such
women before they become pregnant
for a second time would allow them to
be closely monitored for various fetal
and maternal complications, with the
aim of increasing the chances that the
women would subsequently deliver
healthy infants. W
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Résumé

Récurrence des issues périnatales indésirables dans les pays en développement

Objectif Evaluer le risque de récidive desissues périnatalesindésirables
lors des deuxiemes grossesses dans les pays en développement.
Méthodes Les données de I'Enquéte mondiale sur la santé maternelle
et périnatale menée sur la période 2004-2008 ont été utilisées pour
déterminer les résultats des deuxiémes grossesses uniques aupres de
61780 femmes dans 23 pays en développement. Les couples mere-
enfant ont été suivis jusqua la fin de leur hospitalisation ou encore
pendant 7 jours aprés I'accouchement.

Résultats Alafinde leur deuxieme grossesse, les fermes dontla premigre
grossesse sétait terminée par la naissance d'un enfant mort-né (n = 1 261)
ou par la mort du nourrisson (n = 1052) étaient plus susceptibles que
les femmes ne se trouvant dans aucun de ces cas de figure de donner
naissance a un enfant dont le poids de naissance serait inférieur a
1500 g (rapport des cotes, RC: 2,52 et 2,78, respectivement) ou compris

entre 1500 et 2499 g (RC: 1,22 et 1,60, respectivement), ou de donner
naissance a un enfant nécessitant une admission dans une unité de soins
intensifs (RC: 1,64 et 1,68, respectivement). A la fin de leur deuxieme
grossesse, les femmes dont la premiére grossesse sétait terminée par
une mortinaissance couraient un risque accru de redonner naissance a
un enfant mort-né (RC: 2,35), et celles dont la premiére grossesse sétait
terminée par la mort du nourrisson couraient un risque accru de voir
leur deuxieme enfant mourir dans les 7 jours suivant I'accouchement
(RC: 2,82). Ces tendances ne semblent vraisemblablement pas affectées
par le continent sur lequel ces femmes vivent.

Conclusion Dans les pays en développement, une femme dont la
premiere grossesse se termine par la naissance d'un enfant mort-né ou
par la mort du nourrisson présente un risque accru de subir la méme
issue périnatale lors de sa deuxieme grossesse.

Pesiome

HOBTOPEHI/IG HeGHaFOI'IpVIFITHbIX nepuHaTaJibHbIX UCXOA40B B pa3BUBAOLLNXCA CTPAHAX

Llenb OLieHNTb p1CK MOBTOPEHNA HEOGNAroNPUATHBIX MeprHaTabHbIX
MCXOM0B B XOfl€ BTOPOW bepemMeHHOCTM B Pa3BMBAIOLLMXCA CTPAHAX.
MeTtopabl [laHHble, NonyyeHHble 13 npoeaeHHoro B 2004-2008 rogax
MnobanbHoro 0bcnefoBaHNA MaTeEPUHCKOrO M NepuHaTanbHoOro
300P0BbA, ObINM UCMONb30BaHbl A1A ONpeAeneHns NCXonoB

Bull World Health Organ 2013,91:357-367

oAHOMNMofAHOM BTOPOW bepeMeHHOCTM 61 780 XeHWmnH B 23
Pa3BMBAOLLIMXCA CTPaHax. HabntogeHvie 3a napamv «MaTb-pebeHoK»
BEOCh A0 BbIMVCKM WK UCTEYEHWA 7 IHEN NOCie POLOB

Pe3ynbtatbl B koHLEe CBOEN BTOPOV GEPEMEHHOCTU KEHLIMHDI, Y
KOTOPbIX NepBas bepeMeHHOCTb 3aKOHYMIACh MEPTBOPOXKIEHEM
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(n = 1261) nnv nocneaytoulet CMePTbIO HOBOPOXKAEHHOTO (N
= 1052), 6binn 6onee CKNOHHbBI, YeM KeHL[MHbI, KoTopble He
CTaNKMBaNUCh C TakMM pe3ysbTaToM, K poxaeHunio pebeHka ¢
BeCOM npu poxaeHnn MeHee 1500 1 (OTHoCUTENbHDBIN pUCK (OP)
cocTtaBun 2,52 1 2,78, cootBeTCTBEHHO) v 1500-2499 r (OP —
1,22 1 1,60, COOTBETCTBEHHO), UK e pebeHKy noTpeboBanach
peaHnmaumna (OP — 1,64 1 1,68, COOTBETCTBEHHO). B KOHLEe CBOEl
BTOPOM BEPEeMEHHOCTI Te »KEHLMHBI, Ybs NMepBas bepemeHHOCTb
3aKOHUMNACh MePTBOPOXKAEHVEM, ObINV NMOABEPKEHbI MOBbILIEHHOMY

Fengxiu Ouyang et al.

PVICKy NOBTOPHOrO MepTBOpoXAeHna (OP = 2,35), a Te KeHLWMHbI,
yel NepBbIli HOBOPOXKAEHHDI pebeHOK ymep, Oblv NoABEPKEHI
MOBBILIEHHOMY PUCKY CMepTH BTOPOro pebeHKa B TeueHvie nepBblx
7 aHen xum3Hu (OP = 2,82). 2Tv TeHAEHUMM NPEVMYLLECTBEHHO He
3aBUCAT OT KOHTUHEHTA NMPOXXUBAHWA KEHLLVIH.

BbiBoa B pasBMBaowmxca cTpaHax KeHwuHa, y KOTopou
nepeas 6epemMeHHOCTb 3aKaHYMBAETCA MEPTBOPOXKAEHNEM WK
CONPOBOXK[IAETCA CMEPTHIO HOBOPOXAEHHOTO, MOABEPKEHA PUCKY
CTONKHYTBCSA C TEM e pe3y/bTaTam B XOfie BTOPOV 6epeMeHHOCTH.

Resumen

La recurrencia de los resultados perinatales adversos en paises en desarrollo

Objetivo Evaluar el riesgo de recurrencia de los resultados perinatales
adversos de los sequndos embarazos en paises en desarrollo.
Métodos Se emplearon datos de la Encuesta Global en Salud Materna
y Perinatal realizada entre 2004 y 2008 para determinar los resultados
del segundo embarazo de feto Unico de 61 780 mujeres en 23 paises
en desarrollo. Se hizo un seguimiento de cada par madre-nifio hasta el
alta de la madre o durante los 7 dias posteriores al parto.

Resultados Al término de sus segundos embarazos, aquellas mujeres
cuyo primer embarazo habfa terminado en muerte prenatal (n =
1261) o al cual le habfa sucedido una muerte neonatal (n = 1052)
tenfan mas probabilidad de dar a luz a un nifo con un peso inferior a
1500 g (cociente de probabilidades, CP: 2,52y 2,78, respectivamente),
entre 1500y 2499 g (CP: 1,22y 1,60, respectivamente), 0 a un nifo que

necesitara seringresado en la unidad de cuidados intensivos (CP: 1,64y
1,68, respectivamente). Alfinal de sus segundos embarazos, las mujeres
cuyo primer embarazo habia terminado en muerte prenatal presentaron
un riesgo mayor de sufrir otra muerte prenatal (CP: 2,35),y aquellas cuyo
primer bebé habia fallecido como neonato presentaron un riesgo mayor
de que el segundo nifio falleciera en los primeros siete dias de vida (CP:
2,82). Se descubrié que el continente en el que vivian las mujeres no
afect6 en gran medida a estas tendencias.

Conclusién En el mundo en desarrollo, una mujer cuyo primer
embarazo finaliza en muerte neonatal o al cual le sucede la muerte
del neonato presenta un riesgo superior de volver a experimentar los
mismos resultados en el segundo embarazo.

References

1. Lawn JE, Blencowe H, Pattinson R, Cousens S, Kumar R, Ibiebele | et al.;
Lancet’s Stillbirths Series steering committee. Stillbirths: Where? When?
Why? How to make the data count? Lancet 2011;377:1448-63. doi: http://
dx.doi.org/10.1016/50140-6736(10)62187-3 PMID:21496911

2. Lawn JE, Cousens S, Zupan J; Lancet Neonatal Survival Steering Team. 4
million neonatal deaths: When? Where? Why? Lancet 2005;365:891-900.
doi: http://dx.doi.org/10.1016/50140-6736(05)71048-5 PMID:15752534

3. LiuL, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE et al.; Child Health
Epidemiology Reference Group of WHO and UNICEF. Global, regional, and
national causes of child mortality: an updated systematic analysis for 2010
with time trends since 2000. Lancet 2012;379:2151-61. PMID:22579125

4. Stanton C, Lawn JE, Rahman H, Wilczynska-Ketende K, Hill K. Stillbirth rates:
delivering estimates in 190 countries. Lancet 2006;367:1487-94. doi: http://
dx.doi.org/10.1016/50140-6736(06)68586-3 PMID: 16679161

5. Bhutta ZA, Yakoob MY, Lawn JE, Rizvi A, Friberg IK, Weissman E et al,;
Lancet’s Stillbirths Series steering committee. Stillbirths: what difference
can we make and at what cost? Lancet 2011;377:1523-38. doi: http://dx.doi.
0rg/10.1016/50140-6736(10)62269-6 PMID:21496906

6. Aglobal review of the key interventions related to reproductive, maternal,
newborn and child health (RMNCH). Geneva: World Health Organization; 2011.

7. Black M, Shetty A, Bhattacharya S. Obstetric outcomes subsequent to
intrauterine death in the first pregnancy. 8/0G 2008;115:269-74. doi: http://
dx.doi.org/10.1111/j.1471-0528.2007.01562.x PMID:18081605

8. Bhattacharya S, Prescott GJ, Black M, Shetty A. Recurrence risk of stillbirth
in a second pregnancy. BJOG 2010;117:1243-7. doi: http://dx.doi.
org/10.1111/j.1471-0528.2010.02641.x PMID:20573152

9. Zupan J. Perinatal mortality in developing countries. N Engl / Med
2005;352:2047-8. doi: http://dx.doi.org/10.1056/NEJMp058032
PMID:15901857

10. Wilcox AJ. Fertility and pregnancy: an epidemiologic perspective. New York:
Oxford University Press; 2010.

11. Raymond EG, Cnattingius S, Kiely JL. Effects of maternal age, parity, and
smoking on the risk of stillbirth. BrJ Obstet Gynaecol 1994;101:301-6. doi:
http://dx.doi.org/10.1111/1.1471-0528.1994.tb 13614.x PMID:8199075

12. Shah A, Faundes A, Machoki M, Bataglia V, Amokrane F, Donner A et al.
Methodological considerations in implementing the WHO Global
Survey for Monitoring Maternal and Perinatal Health. Bull World Health
Organ 2008;86:126-31. doi: http://dx.doi.org/10.2471/BLT.06.039842
PMID:18297167

366 Bull World Health Organ 2013;91:357-367

13.  Mikolajczyk RT, Zhang J, Betran AP, Souza JP, Mori R, Glilmezoglu AM et al.
A global reference for fetal-weight and birthweight percentiles. Lancet
2011,377:1855-61. doi: http://dx.doi.org/10.1016/5S0140-6736(11)60364-4
PMID:21621717

14. Salihu HM, Sharma PP, Aliyu MH, Kristensen S, Grimes-Dennis J, Kirby
RS et al. Is small for gestational age a marker of future fetal survival in
utero? Obstet Gynecol 2006;107:851-6. doi: http://dx.doi.org/10.1097/01.
AOG.0000206185.55324.5b PMID:16582122

15. Simmons LE, Rubens CE, Darmstadt GL, Gravett MG. Preventing preterm
birth and neonatal mortality: exploring the epidemiology, causes,
and interventions. Semin Perinatol 2010;34:408-15. doi: http://dx.doi.
0rg/10.1053/j.semperi.2010.09.005 PMID:21094415

16. Lekea-Karanika V, Tzoumaka-Bakoula C. Past obstetric history of the mother
and its association with low birthweight of a subsequent child: a population
based study. Paediatr Perinat Epidemiol 1994;8:173-87. doi: http://dx.doi.
0rg/10.1111/j.1365-3016.1994.tb00448.x PMID:8047485

17. Bhattacharya S, Townend J, Shetty A, Campbell D, Bhattacharya S. Does
miscarriage in an initial pregnancy lead to adverse obstetric and perinatal
outcomes in the next continuing pregnancy? BJ/OG 2008;115:1623-9. doi:
http://dx.doi.org/10.1111/j.1471-0528.2008.01943.x PMID:18947339

18. Mathews TJ, MacDorman MF. Infant mortality statistics from the 2005
period linked birth/infant death data set Nat/ Vital Stat Rep 2008;57:1-32.
doi: http://dx.doi.org/10.1111/j.1471-0528.2008.01943.x PMID:18947339

19. Surkan PJ, Stephansson O, Dickman PW, Cnattingius S. Previous preterm
and small-for-gestational-age births and the subsequent risk of stillbirth. N
Engl J Med 2004;350:777-85. doi: http://dx.doi.org/10.1056/NEJM0a031587
PMID:14973215

20. Sharma PP, Salihu HM, Kirby RS. Stillbirth recurrence in a population of
relatively low-risk mothers. Paediatr Perinat Epidemiol 2007;21(Suppl
1):24-30. doi: http://dx.doi.org/10.1111/j.1365-3016.2007.00834.x
PMID:17593194

21. Smith GC, Shah I, White IR, Pell JP, Dobbie R. Previous pre-eclampsia,
preterm delivery, and delivery of a small for gestational age infant and
the risk of unexplained stillbirth in the second pregnancy: a retrospective
cohort study, Scotland, 1992-2001. Am J Epidemiol 2007;165:194-202. doi:
http://dx.doi.org/10.1093/aje/kwj354 PMID:17065276

22. Fretts R. Stillbirth epidemiology, risk factors, and opportunities for stillbirth
prevention. Clin Obstet Gynecol 2010;53:588-96. doi: http://dx.doi.
0rg/10.1097/GRF.0b013e3181eb63fc PMID:20661043

doi: http://dx.doi.org/10.2471/BLT.12.111021


http://dx.doi.org/10.1016/S0140-6736(10)62187-3
http://dx.doi.org/10.1016/S0140-6736(10)62187-3
http://www.ncbi.nlm.nih.gov/pubmed/21496911
http://dx.doi.org/10.1016/S0140-6736(05)71048-5
http://www.ncbi.nlm.nih.gov/pubmed/15752534
http://www.ncbi.nlm.nih.gov/pubmed/22579125
http://dx.doi.org/10.1016/S0140-6736(06)68586-3
http://dx.doi.org/10.1016/S0140-6736(06)68586-3
http://www.ncbi.nlm.nih.gov/pubmed/16679161
http://dx.doi.org/10.1016/S0140-6736(10)62269-6
http://dx.doi.org/10.1016/S0140-6736(10)62269-6
http://www.ncbi.nlm.nih.gov/pubmed/21496906
http://dx.doi.org/10.1111/j.1471-0528.2007.01562.x
http://dx.doi.org/10.1111/j.1471-0528.2007.01562.x
http://www.ncbi.nlm.nih.gov/pubmed/18081605
http://dx.doi.org/10.1111/j.1471-0528.2010.02641.x
http://dx.doi.org/10.1111/j.1471-0528.2010.02641.x
http://www.ncbi.nlm.nih.gov/pubmed/20573152
http://dx.doi.org/10.1056/NEJMp058032
http://www.ncbi.nlm.nih.gov/pubmed/15901857
http://dx.doi.org/10.1111/j.1471-0528.1994.tb13614.x
http://www.ncbi.nlm.nih.gov/pubmed/8199075
http://dx.doi.org/10.2471/BLT.06.039842
http://www.ncbi.nlm.nih.gov/pubmed/18297167
http://dx.doi.org/10.1016/S0140-6736(11)60364-4
http://www.ncbi.nlm.nih.gov/pubmed/21621717
http://dx.doi.org/10.1097/01.AOG.0000206185.55324.5b
http://dx.doi.org/10.1097/01.AOG.0000206185.55324.5b
http://www.ncbi.nlm.nih.gov/pubmed/16582122
http://dx.doi.org/10.1053/j.semperi.2010.09.005
http://dx.doi.org/10.1053/j.semperi.2010.09.005
http://www.ncbi.nlm.nih.gov/pubmed/21094415
http://dx.doi.org/10.1111/j.1365-3016.1994.tb00448.x
http://dx.doi.org/10.1111/j.1365-3016.1994.tb00448.x
http://www.ncbi.nlm.nih.gov/pubmed/8047485
http://dx.doi.org/10.1111/j.1471-0528.2008.01943.x
http://www.ncbi.nlm.nih.gov/pubmed/18947339
http://dx.doi.org/10.1111/j.1471-0528.2008.01943.x
http://www.ncbi.nlm.nih.gov/pubmed/18947339
http://dx.doi.org/10.1056/NEJMoa031587
http://www.ncbi.nlm.nih.gov/pubmed/14973215
http://dx.doi.org/10.1111/j.1365-3016.2007.00834.x
http://www.ncbi.nlm.nih.gov/pubmed/17593194
http://dx.doi.org/10.1093/aje/kwj354
http://www.ncbi.nlm.nih.gov/pubmed/17065276
http://dx.doi.org/10.1097/GRF.0b013e3181eb63fc
http://dx.doi.org/10.1097/GRF.0b013e3181eb63fc
http://www.ncbi.nlm.nih.gov/pubmed/20661043

Fengxiu Ouyang et al.

23.

24.

25.

26.

27.

Bull World Health Organ 2013,91:357-367

Wapner RJ. Genetics of stillbirth. Clin Obstet Gynecol 2010,53:628-34. doi:
http://dx.doi.org/10.1097/GRF.0b013e3181ee2793 PMID:20661047
Lie RT, Wilcox AJ, Skjaerven R. Survival and reproduction among males with

birth defects and risk of recurrence in their children. JAMA 2001;285:755-60.

doi: http://dx.doi.org/10.1001/jama.285.6.755 PMID: 11176913

Yudkin PL, Wood L, Redman CW. Risk of unexplained stillbirth at different
gestational ages. Lancet 1987;1:1192-4. doi: http://dx.doi.org/10.1016/
S0140-6736(87)92154-4 PMID:2883499

Fretts RC, Boyd ME, Usher RH, Usher HA. The changing pattern of fetal
death, 1961-1988. Obstet Gynecol 1992;79:35-9. PMID:1727582

Feng XL, Guo S, Hipgrave D, Zhu J, Zhang L, Song L et al. China’s
facility-based birth strategy and neonatal mortality: a population-based
epidemiological study. Lancet 2011,;378:1493-500. PMID:21924764

28.

30.

31

doi: http://dx.doi.org/10.2471/BLT.12.111021

Research
Recurrence of adverse perinatal outcomes

Melve KK, Skjaerven R, Rasmussen S, Irgens LM. Recurrence of stillbirth in
sibships: population-based cohort study. Am J Epidemiol 2010;172:1123-30.
PMID:20843865

Madan J, Chen M, Goodman E, Davis J, Allan W, Dammann O.

Maternal obesity, gestational hypertension, and preterm delivery.

J Matern Fetal Neonatal Med 2010;23:82-8. doi: http://dx.doi.
0rg/10.3109/14767050903258738 PMID:19903115

Goetzinger KR, Cahill AG, Macones GA, Odibo AO. The relationship
between maternal body mass index and tobacco use on small-for-
gestational-age infants. Am J Perinatol 2012,29:153-8. doi: http://dx.doi.
0rg/10.1055/5-0031-1284224 PMID:21786218

Feng XL, Guo S, Hipgrave D, Zhu J, Zhang L, Song L et al. China’s
facility-based birth strategy and neonatal mortality: a population-based
epidemiological study. Lancet 2011;378:1493-500. doi: http://dx.doi.
0rg/10.1016/S0140-6736(11)61096-9 PMID:21924764

367


http://dx.doi.org/10.1097/GRF.0b013e3181ee2793
http://www.ncbi.nlm.nih.gov/pubmed/20661047
http://dx.doi.org/10.1001/jama.285.6.755
http://www.ncbi.nlm.nih.gov/pubmed/11176913
http://dx.doi.org/10.1016/S0140-6736(87)92154-4
http://dx.doi.org/10.1016/S0140-6736(87)92154-4
http://www.ncbi.nlm.nih.gov/pubmed/2883499
http://www.ncbi.nlm.nih.gov/pubmed/1727582
http://www.ncbi.nlm.nih.gov/pubmed/21924764
http://www.ncbi.nlm.nih.gov/pubmed/20843865
http://dx.doi.org/10.3109/14767050903258738
http://dx.doi.org/10.3109/14767050903258738
http://www.ncbi.nlm.nih.gov/pubmed/19903115
http://dx.doi.org/10.1055/s-0031-1284224
http://dx.doi.org/10.1055/s-0031-1284224
http://www.ncbi.nlm.nih.gov/pubmed/21786218
http://dx.doi.org/10.1016/S0140-6736(11)61096-9
http://dx.doi.org/10.1016/S0140-6736(11)61096-9
http://www.ncbi.nlm.nih.gov/pubmed/21924764

	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7

