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Abstract
The main objective of this secondary analysis was to describe the nutritional status of the Better Outcomes in Labour Difficulty (BOLD) project
study population and determine possible associations between maternal nutritional status (as reflected by maternal BMI at the time of birth) and
severe neonatal outcomes (SNO).We also analysed previous and indexmaternal pathologies to determine associationswith neonatal outcomes.
We used the classification designed by Atalah for maternal BMI and comparedwith the Hyperglycaemia and Adverse PregnancyOutcome study
one. To describe the nutritional status of this population, figures of distribution and test of normality related toweight andBMIwere presented for
the women and their babies. To explore the association between maternal BMI data and SNO, the χ2 test was performed. To identify a maternal
characteristic or a group of characteristics that could predict SNO, we used Fisher’s exact test using previous maternal pathology collected in the
BOLD project as well as that in the index pregnancy. In this study, BMI at the time of birth was not associated with neonatal near miss or death.
We found that previous maternal obesity, diabetes and chronic hypertension were associated with SNO. Maternal pathology in the index preg-
nancy such as other obstetric haemorrhage, pre-eclampsia, anaemia and gestational diabetes was associated with SNO.
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Maternal and neonatal health issues are in the spotlight again in
the Sustainable Development Goal global agenda(1). Given that
the target is to reducemortality in themother and the newborn, it
is important to understand which maternal and newborn charac-
teristics constitute risks at the time of birth. In 2010, one million
infant deaths occurred at the time of birth and around 2 million
deaths occurred during the neonatal period(2,3).

Several health indicators can be used to analyse the quality of
care and to evaluate the characteristics that may identify potential
threats to the mother and newborn. One of the most commonly
used indicators is severemorbidity or nearmiss. In 2011, theWHO
published a guideline for the near-miss approach to improve

maternal health. A maternal near miss was defined as a woman
who nearly died but survived a complication that occurred
during pregnancy, childbirth or within 42 d of termination of
pregnancy(4). Based on the same concept, the neonatal near miss
has been defined in the literature as an infant who nearly died but
survived a severe complication that occurred during pregnancy,
birth or within 7 d of extra-uterine life(5–7).

Somematernal characteristics also have the potential to signal
risk at the time of birth. The BMI is frequently calculated in pre-
natal consultations (body weight (kg)/height (m2)) to assess risk
of adverse perinatal outcomes not only for the mother but also
for the baby. Its importance is based on the fact that the maternal
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nutritional status is directly related to energy and micronutrient
reserves and might interfere in fetal development and neonatal
nutritional status(8). Maternal weight and height data allow an
easy and effective follow-up of the pregnant woman’s nutritional
status.

Abnormal nutritional status is a concern in maternal health as
there are risks related to lack of or excess weight gain during the
gestational period. The BMI alone can be one indicator of the
nutritional status in all stages of pregnancy including themoment
of birth. It is not an accurate measure when used in a single
moment but, in some settings, this is the only available data.
Currently, there is only one chart to classify the women’s weight
along pregnancy and this can be used as a nutritional status in a
transversal analysis(9).

The WHO ‘Better Outcomes in Labour Difficulty’ (BOLD)
project was a prospective cohort study of labour events and
outcomes in 10 000 African women from Uganda and Nigeria
that was designed with the aim of developing labour monitoring
tool to accelerate the reduction of maternal and perinatal
mortality(10). This secondary analysis aimed to understand how
the population behaved in relation to weight and to explore
the correlation between maternal BMI and severe maternal and
neonatal outcomes. We hypothesised that malnutrition (undernu-
trition, overweight and obesity) can negatively influence out-
comes in women and their babies, especially in near-miss cases.

The main objective of this secondary analysis was to describe
the nutritional status of the BOLD project study population and
determine possible associations between maternal nutritional
status (as reflected by maternal BMI at the time of birth) and
severe neonatal outcomes (SNO). We also analysed previous
maternal pathology and that in the index pregnancy to deter-
mine associations with neonatal outcomes.

Methods

Data collection took place in thirteen health facilities in Africa
(nine in Nigeria and four in Uganda) over a period of 12 months
(December 2014–November 2015). The facilities were chosen
based on the number of births and on the care provided
(e.g. professional capacity, having access to a Caesarean section,
good labour practices, among others). Inclusion criteria for the
women were singleton pregnancy, admission at first stage of
spontaneous labour, cervical dilatation of 6 cm or less and
informed consent. Exclusion criteria were fetal death, advanced
first stage of labour,multiple pregnancy, gestational age less than
34 weeks, elective Caesarean section, Caesarean section before
labour, minors without a guardian or whowere not emancipated
and those incapable of giving consent. The data were managed
with RedCap(11). This is a secondary analysis of the BOLD project
database, and details about the population and data collection
instrument were published elsewhere(10).

For this secondary analysis, we applied the criteria presented
in Box 1 to identify maternal and neonatal near-miss cases in the
study population. If a woman or a baby had one or more of the
presented characteristics, the woman or baby was considered a
case of near miss.

We used the classification designed by Atalah et al. to deter-
mine the nutritional status of pregnant women in the cohort
based on labour admission data. To the best of our knowledge
that is the only such classification designed by Atalah et al.(9)

(Table 1). We also used the Hyperglycaemia and Adverse
Pregnancy Outcome study classification of maternal BMI at
28weeks in order to compare data with this study(12). Women’s
weight and height measurements were taken at the time of hospi-
talisation (when women entered the facilities in the study). The
weight gained during the index pregnancy was not assessed. To
describe the nutritional status of this population, figures of distribu-
tion and test of normality related to weight and BMI were pre-
sented for both women and babies.

SNOwas defined in this study as neonatal near miss or death.
This was done to create a dichotomous value to perform the test,

Box 1. Criteria used to classify maternal and neonatal near miss

Maternal near-miss criteria(4)

Cardiovascular dysfunction
– Shock, cardiac arrest (absence of pulse/heartbeat and loss of

consciousness), use of continuous vasoactive drugs,
cardiopulmonary resuscitation, severe hypoperfusion (lactate
>5mmol/l or >45mg/dl), severe acidosis (pH< 7·1); OR

Respiratory dysfunction
– Acute cyanosis, gasping, severe tachypnea (respiratory rate

>40 breaths per minute), severe bradypnoea (respiratory rate
<6 breaths per minute), intubation and ventilation not related to
anaesthesia, severe hypoxaemia (O2 saturation <90% for
≥60min or partial pressure of arterial O2:fraction of inspired O2

ratio (PaO2/FiO2)< 200); OR
Renal dysfunction
– Oliguria non-responsive to fluids or diuretics, dialysis for acute

renal failure, severe acute azotaemia (creatinine ≥300 μmol/ml or
≥3·5mg/dl); OR

Coagulation/hematological dysfunction
– Failure to form clots, massive transfusion of blood or red cells

(≥5 units), severe acute thrombocytopenia (<50 000 platelets/ml);
OR

Hepatic dysfunction
– Jaundice in the presence of pre-eclampsia, severe acute

hyperbilirubinaemia (bilirubin >100 μmol/l or >6·0mg/dl); OR
Neurological dysfunction
– Prolonged unconsciousness (lasting ≥12 h)/coma (including

metabolic coma), stroke, uncontrollable fits/status epilepticus,
total paralysis; OR

Uterine dysfunction
– Uterine haemorrhage or infection leading to hysterectomy

Neonatal near-miss criteria(7)

Pragmatic set
– Apgar score at 5 min <7
– Birth weight <1750 g
– Gestational age <33 weeks
Management set
– Use of therapeutic intravenous antibiotics
– Nasal continuous positive airway pressure
– Any intubation
– Use of phototherapy in the first 24 h
– Cardiopulmonary resuscitation
– Use of any vasoactive drug
– Use of anticonvulsants
– Surfactant administration
– Use of any blood products
– Use of steroids to treat refractory hypoglycaemia
– Any surgery
– Any management-based marker of severity
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once the original near-miss criteria were applied to predict death
and to increase the number of severe outcomes in newborns.
To explore the association between maternal BMI data and
SNO, the χ2 test was performed (P< 0·05). We also calculated
the OR, 95 % CI and P value.

To identify a maternal characteristic or a group of character-
istics that could predict SNO, we used Fisher’s exact test, the OR
and the 95 % CI using previous maternal pathology collected in
the BOLD project as well as that in the index pregnancy.

Results

We analysed 10 203 participants whowere eligible for this study.
The flowchart for the data sample is shown in Fig. 1. Descriptive
analysis is shown in Table 2.

Fig. 2 shows the frequency distribution of newborn birth
weight, and Fig. 3 shows the frequency distribution of maternal
BMI. Both figures weremerged in Fig. 4 and showed a weak cor-
relation between data (Spearman’s correlation coefficient= 0·22,
95 % CI 0·20, 0·24).

Using a χ2 test, there was no association between maternal
BMI category at the time of birth and SNO both using Atalah
and theHyperglycaemia andAdverse PregnancyOutcome study
(P> 0·05).

Table 3 shows previous maternal pathology and Table 4
shows pathology in the index pregnancy in association with
SNO using Fisher’s exact test. Table 3 shows that women with

previous chronic hypertension, diabetes and obesity had a
higher risk of having a baby with near miss or death. Table 4
shows that women in the index pregnancy with other obstetric
haemorrhage, pre-eclampsia (without eclampsia), anaemia or
gestational diabetes had a higher risk of having a baby with near
miss or death.

Table 1. Maternal BMI (kg/m2) classification in the studied population*

Gestational age Underweight BMI ≤ Eutrophic BMI Overweight BMI Obesity BMI ≥

34 23·9 24–28·3 28·4–32·5 32·6
35 24·1 24·2–28·4 28·5–32·6 32·7
36 24·2 24·3–28·5 28·6–32·7 32·8
37 24·4 24·5–28·7 28·8–32·8 32·9
38 24·5 24·6–28·8 28·9–32·9 33·0
39 24·7 24·8–28·9 29·0–33·0 33·1
40 24·9 25·0–29·1 29·2–33·1 33·2
41 25·0 25·1–29·2 29·3–33·2 33·3
42 25·0 25·1–29·2 29·3–33·2 33·3

* We used a modified classification designed by Atalah et al.(9).

Fig. 1. Flowchart for data sample. BOLD, Better Outcomes in Labour Difficulty.

Table 2. Descriptive analysis of women and newborns in the present
study
(Numbers and percentages)

Women

Frequency

n %

Country
Nigeria 5063 49·6
Uganda 5140 50·4

Age (years)
<20 327 3·2
20–24 2373 23·3
25–29 3823 37·5
30–34 2546 25·0
35þ 1130 11·0
No information 4

Outcomes
No morbidity 7965 78·1
Morbidity 2192 21·5
Near miss 11 0·1
Death 26 0·3
Data unavailable 9

BMI
Underweight 1509 15·1
Eutrophic 3887 38·8
Overweight 2911 29·1
Obese 1704 17·0
Data unavailable 192

Neonatal
Outcomes

Healthy 9080 89·2
Near miss 1028 10·1
Death 72 0·7
Data unavailable 23

Birth weight
Low (≤2500 g) 345 3·4
Normal (2500–3999 g) 9218 90·5
Large (≥4000 g) 624 6·1
Data unavailable 16

Classification of weight for gestational age
Small for gestational age 827 8·2
Adequate for gestational age 7590 74·9
Large for gestational age 1713 16·9
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Discussion

This study found that BMI at the time of birth was not associated
with neonatal near miss or death, but women who were obese
prior to pregnancy were more likely to experience adverse neo-
natal outcomes.

The BMI classification using Atalah’s curves in themoment of
birth could be one possible explanation for the lack of associa-
tion between the maternal BMI and severe outcomes. The
curves of Atalah et al.(9) studied Chilean women as reference;
they are not international or population-based curves; there-
fore, the risk of not being adequate for the present study
population was high. This bias, although considered, cannot
be attenuated since there are no other available curves.
Cheikh et al.(13) are conducting a multicentre project to develop
a new curve to classify pregnant women according to gesta-
tional age. It is expected that the analyses will be redone with
the availability of this new curve.

Fig. 2. Birth weight distribution of newborns in the study population.

Fig. 3. Women’s BMI in the study population.

Fig. 4. Dispersion of maternal BMI by the weight of newborns in the study
population.

Table 3. Analysis of association between maternal pathologies previous
to the pregnancy with severe neonatal outcomes (near miss þ death)
(Odds ratios and 95% confidence intervals)

Condition OR 95 % CI P

Chronic hypertension 2 1·08, 3·66 0·03
Diabetes 5·52 1·95, 16·59 <0·001
HIV 1·18 0·88, 1·59 0·24
AIDS 0·91 0·04, 6·67 1
Chronic anaemia 4·13 0·55, 22·21 0·13
Obesity 2·98 1·37, 6·56 <0·001
Heart disease 0 0·00, 8·26 1
Lung disease 0 0·00, 2·01 0·24
Renal disease 0 0·00, 28·66 1
Other chronic diseases 1·17 0·37, 3·21 0·77

Table 4. Analysis of association between gestational pathologies with
severe neonatal outcomes (near miss þ death as a unique category)
(Odds ratios and 95% confidence intervals)

Condition OR 95 % CI P

Placenta praevia 3·30 0·46, 15·97 0·17
Accreta/increta/percreta placenta 2·75 0·10, 24·98 0·36
Abruptio placentae 4·12 0·14, 52·79 0·29
Other obstetric haemorrhage 3·67 1·04, 11·74 0·04
Pre-eclampsia (excludes eclampsia) 2·23 1·61, 3·08 <0·001
Eclampsia 1·17 0·53, 8·27 0·59
Pyelonephritis 1·03 0·04, 6·58 1
Malaria 0·83 0·64, 1·06 0·15
Preterm rupture of membranes 1·37 0·59, 2·88 0·38
Anaemia 2·95 1·02, 8·31 0·04
Gestational diabetes 16·55 3·07, 123·56 <0·001
Other pregnancy complications 1·13 0·69, 1·84 0·06
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TheHyperglycaemia and Adverse PregnancyOutcome study
used a classification to BMI at 28 weeks of gestational age that
follows: underweight <22·6, normal 22·6–28·4, overweight
28·5–32·9 and obese>33 kg/m2. With this classification, they
found that greater BMI was associated with pregnancy compli-
cations such as primary Caesarean section, birth weight >90th
percentile and neonatal hyperinsulinaemia(12). We used the
same classification in order to compare our results with this large
cohort, but wewere not able to find an association with neonatal
adverse outcomes.

One North American study including women with BMI
greater than 60 kg/m2 at the time of delivery showed an
increased risk for neonatal morbidity and maternal complica-
tions when compared with other obese women (BMI 30 kg/
m2 or greater). In this study, they did not use any pregnancy
BMI classification and they did not compare with eutrophic
women at the time of delivery. They also had smaller odds
of neonatal morbidity with less obese women and this could
corroborate with our study once our sample size did not have
many obese women(14). Despite this, other studies showed that
overweight and obesemothers aremore likely to havematernal
and neonatal complications.

A 2016 review found that being overweight or obese pre-
pregnancy increased the risk of admission to neonatal intensive
care unit and birth of low birth weight babies, among others.
These suggested that women should maintain normal BMI
before pregnancy(15). A data meta-analysis of thirty-nine cohorts
(Europe, North America and Oceania) found that higher pre-
pregnancy BMI and gestational weight gainwere associatedwith
greater risks of maternal complications during pregnancy and
preterm birth(16). In our study, we found similar results once pre-
vious obesity was associated with severe outcomes.

We found that previous histories of maternal obesity, diabetes
and chronic hypertensionwere associatedwith SNO (nearmiss or
death). According to Shaw et al., one in five pregnant women is
obese or overweight and this may increase the risk of congenital
anomalies, venous thromboembolism, pre-eclampsia, gestational
diabetes, postpartum haemorrhage and Caesarean section(17).
Maternal obesity was also associated with sepsis and neonatal
morbidity(18).

The distributions of maternal BMI at the time of birth and the
weights of newborns, as well as the dispersion of these two
variables, were determined. Understanding how the distribution
in a population behaves is important to the development of pol-
icies to improve health conditions. In the case of birth weight, an
English study showed that the contemporary trend was for
increasingly heavy babies, one reason being the increase in
maternal age as well as an increase in incidence of obesity(19).
This was also seen in this study population, with nearly half
being either overweight or obese.

A French study also observed this weight-related increase in
its population(20). The authors found a 9·2 % prevalence of
babies that were small for gestational age, with 11·5 % for those
large for gestational age. In addition, they analysed maternal
weight at the time of delivery (67·5 kg) and the height
(1·617m) that yielded a BMI equal to 25·81 kg/m2. We could
not determine whether the results were similar, but the present

study showed a higher mean BMI (29·11 kg/m2), which could
represent greater risk for both the mother and baby.

The weight gain during pregnancy was one of the variables
not reported in the BOLD project because it was not a study
objective. Nevertheless, its importance cannot be ignored. The
National Academy of Medicine recommends a range of weight
gain that should be maintained throughout the gestational
period(21). As it is likely that Nigeria and Uganda are undergoing
amaternal and neonatal nutritional transition for weight gain, it is
imperative that attention be given not only to intrapartum but
also to prenatal care.

Women with previous obesity, diabetes and chronic hyper-
tension, as well as those with gestational diabetes, anaemia,
pre-eclampsia or other obstetric haemorrhage in the current
pregnancy had significantly higher risk of SNO. This is well
described in the literature(22–27).

This study had other limitations. We could not access mater-
nal weight in a previous pregnancy or the weight gain during the
index pregnancy for this analysis. This information could have
improved the analysis and helped us understand the population
better.

In addition, therewere no pregnant womenwho gave birth at
gestational age less than 34 weeks in this study, which reduced
the scope of the neonatal near-miss concept. It is important to
say that all women recruited for this study were low-risk preg-
nant women. However, the combined set had the necessary
accuracy for the neonatal near-miss classification; this fact
implies that the lower conceptual coverage is not necessarily
negative.

Conclusion

This secondary analysis of the BOLD project found no associa-
tion betweenmaternal BMI at the time of birth and SNO. Despite
this, to the best of our knowledge, it is important to notice that
there is no accurate curve for pregnant women at the time of
birth. With the present data, we could associate women with
previous obesity, diabetes and chronic hypertension as well as
those with gestational diabetes, anaemia, pre-eclampsia or other
obstetric haemorrhage in the current pregnancy had significantly
higher risk of SNO. These findings are already well described in
the literature and we could corroborate them here.
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Data can bemade available upon request to theDepartment of
Reproductive Health and Research, WHO, Geneva, Switzerland.
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