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Background. We present further analyses from the Safe Passage Study, where the effect of alcohol exposure during pregnancy on sudden
infant death syndrome and stillbirth was investigated.

Objectives. To describe pregnancy and neonatal outcome in a large prospective study where information on the outcome of pregnancy was
known in >98.3% of participants and ultrasound was used to determine gestational age (GA).

Methods. As part of the Safe Passage Study of the PASS Network in Cape Town, South Africa, the outcomes of 6 866 singleton pregnancies
were prospectively followed from recruitment in early pregnancy until the infant was 12 months old to assess pregnancy outcome. Fetal
growth was assessed by z-scores of the birth weight, and GA at birth was derived from early ultrasound assessments. The effects of fetal
growth restriction and preterm delivery on pregnancy outcome were determined.

Results. There were 66 miscarriages, 107 stillbirths at 222 weeks’ gestation, 66 stillbirths at >28 weeks’ gestation, 29 and 18 neonatal deaths
at >22 and >28 weeks’ gestation, respectively, and 54 post-neonatal deaths (28 days - 12 months). The miscarriage rate was 9.6/1 000 and the
infant mortality rate 12.4/1 000. Of the births, 13.8% were preterm. For deliveries at >22 and >28 weeks, the stillbirth rates were 15.7 and
9.8/1 000 deliveries, respectively. For deliveries at 222 and >28 weeks, the neonatal death rates were 4.3 and 2.7/1 000 live births, respectively.
For these pregnancies the perinatal mortality rates were 20.0/1 000 (=22 weeks) and 12.5/1 000 (=28 weeks), respectively. Only 15.9% of
stillbirths occurred during labour (in 15.9% of cases it was uncertain whether death had occurred during labour). In the majority of cases
(68.2%) fetal death occurred before labour, and 82.2% of stillbirths and 62.1% of neonatal deaths occurred in deliveries before 37 weeks.
Including the miscarriages, stillbirths and infant deaths, there were 256 pregnancy losses; 77.3% were associated with deliveries before
37 weeks. Only 1.8% of all the women were HIV-positive, whereas the HIV-positive rate was 3.7% among those who had stillbirths. Birth

weight was below the 10th centile in 25.6% of neonatal and post-neonatal deaths compared with 17.7% of survivors.
Conclusions. Preterm birth and fetal growth restriction play significant roles in fetal, neonatal and infant losses.
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To the best of our knowledge, no information is available on perinatal,
neonatal and infant mortality rates based on gestational age (GA) at
delivery for any community-based cohort in South Africa (SA). In
addition, birth weight is commonly used to define the lower borders
of fetal viability. To distinguish between a late miscarriage and an
early stillbirth, a birth weight of 500 g rather than GA of 22 weeks
is often used. However, in defining stillbirth, GA is the preferred
criterion with regard to the lower cut-off point, as using birth weight
may exclude growth-restricted fetuses.!"!

Furthermore, patients are often discharged from the delivery unit
very early, and it is therefore unlikely that all neonatal deaths after
discharge are accurately reported. There is also no information on
the rates of late miscarriages, as this information is not prospectively
collected.

The true incidence of mid-trimester miscarriage is unknown.?
Information on the incidence and causes of miscarriages may provide
valuable information for programmes to reduce stillbirths. It is also
necessary to analyse stillbirth and perinatal mortality rates (PNMRs)
regularly to predict whether the Sustainable Development Goals for
2030 will be reached.”

The Safe Passage Study (SPS) was undertaken in three populations,
of which the ‘coloured’ (mixed race) population in Bishop Lavis, a

suburb of Cape Town, SA, was one, to determine the role of alcohol
consumption in stillbirths and sudden infant deaths.! Robust
information on all pregnancies, from the first antenatal visit until
the infant was 1 year old, allowed accurate calculation of perinatal
and infant mortality. It also created an opportunity to calculate late
miscarriage rates for participants who booked early and to study
the role of preterm delivery in perinatal mortality and infant deaths
during the first year.

Objectives

To determine the true population-based risk of miscarriage, late
stillbirth, neonatal death and preterm delivery in otherwise low-risk
coloured pregnant women in a suburban area of Cape Town.

Methods

This prospective cohort study was conducted in Bishop Lavis.
Recruitment was done between August 2007 and January 2015. A
woman was eligible if all the following criteria were met: (i) able
to provide informed consent; (ii) pregnant with one or two fetuses;
(iii) 216 years of age; (iv) GA of at least 6 weeks and 0 days and
not at the delivery admission unit; and (v) able to speak English
or Afrikaans. A woman was excluded if any of the following
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criteria were met: (i) planned abortion; (ii) planned relocation from
catchment area prior to delivery; or (iii) advice against participation
by a healthcare provider (e.g. additional medical care required).

A total of 7 060 pregnant women were recruited at the antenatal
clinics. Determination of GA was done by ultrasound at the first or
before the second antenatal visit. A trained midwife or experienced
ultrasonographer performed all the ultrasound examinations. For
this analysis we selected only the 7 010 singleton pregnancies (Fig. 1).
There were no exclusions for any medical conditions.

At the recruitment visit, participants provided informed consent,
which included consent for collection of the placenta for histological
examination after delivery. Alcohol use and cigarette smoking were
determined in detail at up to four occasions during pregnancy as
described by Dukes et al.!"

After a fetal death, separate informed consent was obtained for
autopsy.”! Research midwives checked labour ward admissions and
deliveries daily to determine whether a study participant had delivered.
In cases of fetal death, the social worker and/or senior study personnel
were alerted to provide support and bereavement counselling, and
discussed consent for autopsy at an appropriate time.

All deaths were presented and discussed at the weekly perinatal
mortality meetings of the hospital, which were attended by
obstetricians, neonatologists, pathologists, geneticists, fetal and
maternal subspecialists and midwives. A primary cause of death was
assigned and coded using the classification system of the Perinatal
Problem Identification Programme (PPIP).!

The World Health Organizations definition of stillbirth was used
for the study (a baby born with no signs of life at or after 28 weeks’
gestation).”) The definition used for stillbirth in high-income
countries (death at or after 22 weeks) was used to classify an early
stillbirth.® There were therefore three groups of different outcomes:
miscarriage (pregnancy loss from recruitment to <22 weeks), early
stillbirth (fetal death 22 weeks 0 days - 27 weeks 6 days), and late
stillbirth (fetal death at >28 weeks). As death sometimes occurred
before 22 (or 28) weeks but delivery only after these GAs, the deaths
before 22 (or 28) weeks were excluded from the respective study
group but used for the earlier gestation group. GA in all stillbirths was
assessed individually by comparing GA at delivery (as determined by
ultrasound at booking), date of last fetal heart rate (FHR) recording,
and measurement of the foot length at autopsy.”’ Any death where a
FHR was recorded at or after 22/28 weeks was regarded as a stillbirth,
irrespective of the birth weight. To establish whether the fetal
death occurred before or during labour, clinical information such
as detection of a fetal heartbeat at admission for labour or during
labour and autopsy findings such as maceration of the fetal skin were
used.!"” Clinical judgement was used in cases where it was difficult
to determine whether death had occurred during early labour before
the participant was admitted to hospital.

In the case of live births, contact with the mother and infant was
maintained after discharge as the infant was brought back to the
research unit within the first 5 days of life, at ~1 month of age, and
finally at the age of 1 year. If any of these visits were missed, the
mother was contacted to enquire about the condition of the infant.
Deaths up to 28 days after birth were regarded as neonatal deaths.
Post-neonatal (infant) death was defined as death between the age
of 28 days and 366 days.!'!! Reference values on the Intergrowth-21
study were used to determine whether the newborns weighed below
the 10th percentile.”

Statistical analysis
Data were entered in Excel 365 (Microsoft, USA) and then coded
and exported for analysis in Stata 14 (StataCorp, USA). Analyses

were performed using SAS/STAT software, version 9.3 (SAS Institute,
USA). Descriptive statistics were used to describe continuous
variables. As some of the findings were not normally distributed, both
the mean and median values were calculated. The x* test was used to
determine significance in categorical data.

Ethics approval

Permission to conduct the study was obtained from the Health
Research Ethics Committee of Stellenbosch University (ref. no.
N06/10/210).

Results

The recruited cohort consisted of 6 866 women with singleton
pregnancies (caesarean section rate 13.0%), of whom 6 170 (89.8%)
brought their infants for the final follow-up visit at the age of 1 year
(Fig. 1).

There were 66 miscarriages that occurred after the diagnosis of
pregnancy was made, giving a cumulative incidence of 9.6/1 000
deliveries over the study period (Table 1). Of the 2 724 women
with singleton pregnancies who enrolled between 14 weeks 0 days
and 21 weeks 6 days, 20 had miscarriages, giving a mid-trimester
miscarriage rate of 7.3/1 000 pregnancies.

There were 107 stillbirths at or after a GA of 22 weeks, presenting
a risk (or cumulative incidence) of 15.7/1 000; of these stillbirths,
66 occurred at or after a GA of 28 weeks, for a risk (cumulative
incidence) of late stillbirths of 9.8/1 000 (Table 1).

Of the 107 stillbirths, 88 (82.2%) were before 37 weeks and 73
(68.2%) before 34 weeks. In 17 (15.9%) of the stillbirths, death
occurred during labour. The mean GA at enrolment for the
107 stillbirths was 18 weeks and 5 days, compared with a mean
GA of 20 weeks and 1 day for all births in the study. The mean GA
at delivery for the stillbirths was 30 weeks 4 days, compared with
38 weeks 4 days for all births in the study (Table 2).

Intrapartum deaths occurred in 17 (15.9%) of the 107 stillbirths; in
17 (15.9%) it was uncertain when the death had occurred and in 73
(68.2%) it was before labour.

Singleton pregnancies

N=7 010
Out of study
n=144
In study
n=6 866
Miscarriages
n=66

Deliveries

n=6 800
Stillbirths 22 - 28 weeks

n=41

Deliveries =28 weeks

n=6759
Stillbirths from 28 weeks

3
(o)
(=)}

Live births
n=6 693

Deliveries from 28 weeks
n=6 682

Early NND 22 - 28 weeks

=]
=

NND from 28 weeks
n=18

Surviving infants

n=6 664
Infant deaths

n=54

1-year-old infants
n=6610

Examinations at 1 year
n=6 170

Fig. 1. Flowchart of pregnancies and deliveries. (NND = neonatal death.)

Missed examinations
n=440
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Fetal and
infant death
190

6 800

28.1

106 (55.8)
132 (69.5)

Infant death
83

6693

12.4

33 (39.8)

44 (53.0)

Postnatal
death

54
17 (31.5)

6 664
26 (48.2)

8.1

Perinatal
death

>28 weeks
84

6 759

12.5

37 (44.1)
54 (64.3)

>22 weeks

136
106 (77.9)

Perinatal
death

6 800
20.0

89 (65.4)

Neonatal
death

>28 weeks
18

6 682

2.7
5(27.8)

7 (38.9)

Neonatal
death

>22 weeks
29

6 693

4.3

16 (55.2)
18 (62.1)

Stillbirth
>28 weeks
66

6 759

32 (48.5)
47 (71.2)

9.8

Stillbirth
>22 weeks
107

6 800

15.7

73 (68.2)
88 (82.2)

Miscarrige
66

6 866

9.6

n/a

n/a

not applicable.
*All losses used as denominator for calculation of %.

Table 1. Pregnancy and infant losses for singleton pregnancies

Losses delivered before 34 weeks, 1 (%)
Losses delivered before 37 weeks, 7 (%)

All losses, N*
Totals, N
Rate, /1 000

n/a

There were 29 neonatal deaths before 28 days
after delivery, giving a neonatal death rate of
4.3/1 000 live births for deliveries at >22 weeks
and 2.7/1 000 live births for deliveries at
>28 weeks. The PNMR was therefore 20.0/
1 000 for deliveries from 22 weeks and
12.5/1 000 for deliveries from 28 weeks
(Table 1). Sixteen (55.2%) of these neonates
were delivered before 34 weeks. Twenty-five
(86.2%) of the neonates died before discharge
from hospital.

Fifty-three (98.2%) of the 54 infant deaths
from 28 days to the age of 1 year occurred after
discharge from hospital. Twenty-six (48.2%) of
the post-neonates were born before 37 weeks
and 17 (31.5%) before 34 weeks. The mean GA
at enrolment for the neonates was 20 weeks
1 day (the same as for all subjects in the study),
compared with 21 weeks 5 days for infant
deaths. The mean GA at delivery for neonatal
deaths was 32 weeks 3 days, compared with
36 weeks 0 days for infants who died at 28 days
or later (Table 2).

HIV status was known for all women whose
fetuses or infants died. Three (4.6%) of the
66 women who had miscarriages were HIV-
positive. Four (3.7%) of the 107 women who
had stillbirths were HIV-positive. None of the
29 women who had neonatal deaths was HIV-
positive, in contrast to 3 (5.6%) of the 54
women who had post-neonatal deaths. In total,
only 122 (1.8%) of the 6 866 women with
singleton pregnancies were HIV-positive.

There were 256 pregnancy losses, consisting
of 66 miscarriages, 107 stillbirths and 83 infant
(neonatal and post-neonatal) deaths (Fig. 1);
132 (69.5%) fetal and infant deaths were
associated with deliveries before 37 weeks, and
this percentage rose to 77.3% when miscarriages
were included.

Preterm delivery (before 37 weeks) occurred
in 13.8% of pregnancies, and the mean
(median) GA was 240 (248) days. Delivery
before 34 weeks occurred in 271 cases (4.0%);
the mean (median) GA was 212 (220) days.
The mean (median) GA for the 5 865 term
pregnancies (237 weeks) was 276 (276) days
(39 weeks 3 days) (Table 2).

Birth weight was below the 10th centile in
25.6% of infants who died, as opposed to 17.7%
of survivors. Birth weight was below the 10th
centile in 18.1% (1 210/6 691) of newborns.
Newborns with a birth weight below the 90th
centile accounted for 5.5% of deliveries.

At recruitment, a body mass index (BMI) of
<18 kg/m? was observed in 3.3% of pregnant
women. Their mean BMI was 17.1 kg/m?
(range 13.7 - 17.99). Fifty-four (25.5%) of these
women delivered small-for-gestational-age
(SGA) babies, 72.2% delivered appropriate-
for-gestational-age (AGA) babies, and 2.4%

delivered large-for-gestational-age (LGA)
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babies. Only 52.8% of women had a normal
BMI (18 - 25 kg/m?), of whom 21.6% had SGA,
75.7% AGA and 2.7% LGA babies. A BMI
>25 kg/m*was observed in 44.0% of women, of
whom 13.1% delivered SGA, 77.6% AGA and
9.3% LGA babies. These frequencies differed
significantly (Pearson x*> = 199.0650, df = 4;
p<0.0001).

Discussion

Longitudinal studies are essential to examine
the effects of environmental conditions on
birth outcome.™ Such studies would be of
great value to investigate the late complications
of preterm delivery or address late abortion,
as this information is not routinely collected.
Depending on the prevalence of the condition
studied, the size of longitudinal cohorts can
vary from 800 to 100 000.'" Our large sample
size (6 866 participants) is sufficient to allow
meaningful analysis of pregnancy complications.

We found a miscarriage rate of 9.6/1 000, but
for mid-trimester miscarriages, it was 7.3/1 000
in the 2 724 pregnancies followed from
14 weeks’ gestation. The miscarriage rates of
7.3 - 9.6/1 000 are very similar to the stillbirth
rate of 9.8/1 000 we have found for pregnancies
at or after 28 weeks™ gestation. The burden of
late miscarriage is therefore considerable.

To reduce the number of stillbirths, condi-
tions associated with late mid-trimester
miscarriages should also be addressed. Sending
the placenta for histological examination after
late mid-trimester miscarriage should provide
valuable additional information. As there are
few publications on the causes of mid-trimester
miscarriages,!'™'7) more studies investigating
their causes should be done.

We found a stillbirth rate of 9.8/1 000 for
deliveries at or after 28 weeks. The estimated
worldwide stillbirth rate for deliveries at or
after 28 weeks is 18.4/1 000. The highest rates
reported were in south-eastern Asia and sub-
Saharan Africa (SSA), at 25.5 and 28.7/1 000,
respectively.”” For SA the rate was 17.6/1 000 in
2012 and 2013, according to the Saving Babies
Report.'¥ For the Western Cape Province
the most recent rate was 12.3/1 000."8) For
the coloured population served by Tygerberg
Hospital the latest available rate was 12.6/1 000
in 2011." The rate of 9.8/1 000 in Bishop Lavis
therefore compares very favourably with other
rates in low-income countries and other rates in
the Western Cape. It also compares favourably
with the goals of the Every Newborn Action
Plan, where the target is <12 stillbirths per 1 000
deliveries.®! In addition, it compares favourably
with the highest stillbirth rates in high-income
countries, such as the rates of 7.9 and 8.8 in
Moldova and Ukraine, respectively.?!

In SSA, it is estimated that 51% of stillbirths
occur during labour.” In a large study consisting



Table 2. Gestational ages at enrolment and delivery

Gestational age at enrolment (days),  Gestational age at delivery (days),

Category mean (median) mean (median)
All in study (N=6 866) 141 (140) 270 (274)
Stillbirths (n=107) 131 (130) 214 (212)
Neonatal deaths (n=29) 141 (138) 227 (227)
Postnatal deaths (n=54) 152 (145) 252 (259)
Preterm deliveries, <37 weeks (n=935) 141 (140) 240 (248)
Very preterm deliveries, <34 weeks (n=271) 130 (128) 212 (220)
Term pregnancies, >37 weeks (n=5 865) 142 (141) 276 (276)

of >200 000 women from 106 communities in seven sites in six low-
income countries, ~70% of stillbirths were probably intrapartum.®
The rate of 15.9% in the present study is therefore indicative of good
care during labour and delivery.

Nutrition and potentially modifiable lifestyle conditions, each
contributing 10%, were associated with stillbirths.®! Gray et al.®’)
examined the records of >500 000 singleton live births and 2 699
stillbirths in Scotland from 1994 to 2003. Smoking during pregnancy
accounted for 38% of the social inequality in stillbirths and 31% of
inequalities in infant deaths. As smoking and drinking alcohol were
associated with stillbirths in the Bishop Lavis cohort,”? efforts to
address these unhealthy lifestyle factors should reduce the stillbirth
rate further.

We found a stillbirth/neonatal death ratio of 3.7 for deliveries at
222 weeks or 228 weeks. This does not compare favourably with
reported ratios. In a study in 24 countries, addressing 1 134 stillbirths
at >28 weeks’ gestation and 1 465 neonatal deaths at >24 weeks, a ratio
of 0.8 was found.”?” This is very similar to the ratio of 1.2 in a study
in 106 communities in seven sites in six low- and middle-income
countries where 97.2% of the 220 235 enrolled women completed
follow-up.! A ratio of 1.03 was reported in a study of 8 230 women
in four rural health districts in the Democratic Republic of the
Congo.™ In the assessment of 2 656 000 stillbirths and 3 072 000
neonatal deaths in 193 countries, all United Nations members, it was
found that the stillbirth/neonatal death ratio for 2010 was 0.86.2¢!
A high ratio was found in a hospital in Uganda, where there were 430
stillbirths and 80 neonatal deaths, producing a ratio of 5.4.1*"!

Only 1.8% of our participants were HIV-positive. The estimated
overall HIV prevalence rate is 12.6% for the total SA population;
the total number of people living with HIV was estimated at 7.06
million in 2017. For females aged 15 - 49 years, an estimated 21.2%
of the population is HIV-positive.?®! According to another study, the
prevalence for women aged 15 - 49 years is 23.3%.! The reasons
for the low prevalence rate in our study are unclear. It is most likely
that exposure to HIV among pregnant women in this community is
low, but it is also possible that a higher resistance to HIV could have
played a role. 13031

When compared with international standards,!'? the 18.1%
prevalence of SGA in our local community-based cohort is high, but
it is lower than the rate of 25.5% reported for SSA.*? Of the liveborn
babies who died after delivery, 25.6% had a birth weight below the
10th centile, in contrast to 17.7% for newborns who were alive at
1 year. The odds ratio for dying after delivery for SGA infants was
1.87 (95% confidence interval (CI) 1.144 - 3.066; p<0.05). This is in
keeping with the finding of Aiken® that SGA infants have increased
perinatal morbidity and mortality. Compared with AGA babies,
SGA infants are also at risk for long-term sequelae that include poor
neurodevelopmental scores such as motor skills, vision and hearing,

low educational attainment and neurological morbidity (including
cerebral palsy).*® Long-term follow-up of SGA infants is therefore
essential.

When suboptimal growth is suspected, umbilical artery Doppler
assessment is recommended to differentiate between fetuses thought
to be ‘constitutionally small’ and those with fetal growth restriction
due to placental insufficiency, which is associated with many
risks.*) However, diagnosing fetal growth restriction, even in well-
resourced countries, remains difficult.* Various strategies have
been investigated to increase the yield of prenatal diagnosis, all with
only limited success. It seems that the use of flow velocity in the
middle cerebral artery may be helpful to identify at-risk fetuses not
identified by other methods.*™ Our study highlights the importance
of identifying SGA in order to prevent perinatal morbidity and
mortality. However, the way forward in a low-income country is
difficult. There is a high prevalence of many social confounders such
as poverty, smoking, alcohol and illicit drug use and poor nutrition
that contribute to a suboptimal intrauterine environment, and all
need to be addressed.

Preterm delivery is a worldwide problem. According to 20 cohorts,
providing data for >2 million live births from Asia, Africa and Latin
America, the pooled overall relative risk for neonatal mortality from
preterm delivery was 6.82 (95% CI 3.56 - 13.07). Although preterm
birth affects fewer neonates than SGA does, it is associated with a
higher mortality risk.*® We found a preterm delivery rate of 13.8%,
which is higher than the 2010 rate of 12.3% for SSA.®! The high
preterm delivery rate is probably one of the reasons for a decrease
of only 1.5% per year in neonatal mortality for SSA from 2000 to
2010.2 The high preterm delivery rate for SSA is in sharp contrast
to the low rate of 5.4 - 8.9% for 24 European countries in 2010.

Conclusion

Key findings in our study were the high rates of mid-trimester
abortions, preterm deliveries and SGA infants, as well as the
high stillbirth/neonatal death ratios. As only 15.9% of stillbirths
occurred during labour and the maceration rate was 52%,° the
underlying causes are more likely to be related to placental and
environmental conditions than to poor care during and after delivery.
Environmental conditions such as cigarette smoking and excessive
use of alcohol associated with the increased risks of mid-trimester
abortion, stillbirth and preterm birth should therefore be addressed
in the pursuit of reducing perinatal mortality.
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