ot

British Journal of Nutrition

British Journal of Nutrition (2020), 124, 1086-1092 doi:10.1017/S000711452000197X

© The Author(s), 2020

Maternal BMI at the time of birth and selected risk factors associated
with severe neonatal outcomes: a secondary analysis of the WHO Better
Outcomes in Labour Difficulty (BOLD) project

Vicky N. Pileggi!, Olufemi T. Oladapo?, Hayala Cristina Cavenague de Souza®, Cynthia P. Castro!,
Alabi O. Abraham*, Adesina L. Akintan®, Hadiza A. Idris®, Lawal O. Oyeneyin’, Jodo P. Souza® and
José S. Camelo Jr'*

'Department of Pediatrics, Ribeirdo Preto Medical School, University of Sdo Paulo, Ribeirdio Preto, Sdo Paulo, Brazil
2UNDP/UNFPA/UNICEE/WHO/World Bank Special Programme of Research, Development and Research Training in Human
Reproduction (HRP), Department of Reproductive Health and Research, World Health Organization, Geneva, Switzerland
3Department of Social Medicine, Ribeirdo Preto Medical School, University of Sdo Paulo, Ribeirdo Preto, Sdo Paulo, Brazil
‘Health and Human Services Secretariat, Wuse District Hospital Federal Capital Territory Hospital Management Board, Abuja,
Nigeria

>Department of Obstetrics & Gynaecology, Mother and Child Hospital, Akure, Nigeria

®Idris MBBS, FMCOG Nyanya General Hospital, Abuja, Nigeria

"Department of Obstetrics & Gynaecology, University of Medical Sciences Teaching Hospital, Ondo, Nigeria

(Submitted 4 November 2019 — Final revision received 6 May 2020 — Accepted 2 June 2020 — First published online 9 June 2020)

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 index maternal pathologies to determine associations with neonatal outcomes.
We used the classification designed by Atalah for maternal BMI and compared with the Hyperglycaemia and Adverse Pregnancy Outcome study
one. To describe the nutritional status of this population, figures of distribution and test of normality related to weight and BMI were presented for
the women and their babies. To explore the association between maternal BMI data and SNO, the y? 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™®. Given that
the target is to reduce mortality in the mother 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®?.

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 severe morbidity or near miss. In 2011, the WHO
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 42d of termination of
pregnancy®. 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®".

Some maternal 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 (m?)) 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

Abbreviations: BOLD, Better Outcomes in Labour Difficulty; SNO, severe neonatal outcome.
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nutritional status is directly related to energy and micronutrient
reserves and might interfere in fetal development and neonatal
nutritional status®. 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 the moment
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®.

The WHO ‘Better Outcomes in Labour Difficulty’ (BOLD)
project was a prospective cohort study of labour events and
outcomes in 10000 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!”. 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 6cm 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 who were not emancipated
and those incapable of giving consent. The data were managed
with RedCap . This is a secondary analysis of the BOLD project
database, and details about the population and data collection
instrument were published elsewhere!!?.

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.

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

Maternal near-miss criteria®

Cardiovascular dysfunction

— Shock, cardiac arrest (absence of pulse/heartbeat and loss of
consciousness), use of continuous vasoactive drugs,
cardiopulmonary resuscitation, severe hypoperfusion (lactate
>5 mmol/l or >45 mg/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 (O, saturation <90 % for
>60 min or partial pressure of arterial Oa:fraction of inspired O,
ratio (PaO./FiO,) < 200); OR

Renal dysfunction

— Oliguria non-responsive to fluids or diuretics, dialysis for acute
renal failure, severe acute azotaemia (creatinine >300 pmol/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 pmol/l or >6-0 mg/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”)

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

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®
(Table 1). We also used the Hyperglycaemia and Adverse
Pregnancy Outcome study classification of maternal BMI at
28 weeks in order to compare data with this study'?. 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.

SNO was defined in this study as neonatal near miss or death.
This was done to create a dichotomous value to perform the test,
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Table 1. Maternal BMI (kg/m?) classification in the studied population*
Gestational age Underweight BMI < Eutrophic BMI Overweight BMI Obesity BMI >
34 23.9 24-283 28.4-325 326
35 24.1 24.2-28.4 28.5-326 327
36 24.2 24.3-285 28.6-32.7 32.8
37 24.4 24.5-28.7 28.8-32.8 329
38 24.5 24.6-28-8 28.9-32.9 330
39 24.7 24.8-289 29.0-330 331
40 24.9 25.0-29-1 29.2-33-1 332
41 25.0 25.1-29.2 29.3-332 333
42 25.0 25.1-29.2 29.3-332 33-3
* We used a modified classification designed by Atalah et al.®®.
| Screened women | Table 2. Descriptive analysis of women and newborns in the present
(n 17 845) study
I 7642 — Not eligible (Numbers and percentages)
| Present study database | Frequency
(n 10203) Reasons for exclusion® Women n %
Forty-five — Birth weight < 2000g
Twenty-one = Any severe malformation Country
Seventeen — Unknown Apgar score Nigeria 5063 496
Ninety-eight — Laparotomy Uganda 5140 50-4
Forty-seven — Advanced first stage Age ( ears)
*Some woman had two conditions or ge ty
Total sample of BOLD more at the same time <20 327 32
study 2024 2373 23-3
(n 9995) 25-29 3823 375
30-34 2546 25.0
Fig. 1. Flowchart for data sample. BOLD, Better Outcomes in Labour Difficulty. 35+_ . 1130 110
No information 4
Outcomes
No morbidity 7965 781
Morbidity 2192 215
once the original near-miss criteria were applied to predict death gg;trhmlss ;é 8;
and to increase the number of severe outcomes in newborns. Data unavailable 9
To explore the association between maternal BMI data and BMI _
SNO, the y? test was performed (P < 0-05). We also calculated ggﬁiprwhight ;ggg ;132;
the OR, 95 % CI and P value. Overweight 2911 29.1
To identify a maternal characteristic or a group of character- Obese 1704 170
istics that could predict SNO, we used Fisher’s exact test, the OR Data unavailable 192
and the 95 % CI using previous maternal pathology collected in N%)Stact::nes
the BOLD project as well as that in the index pregnancy. Healthy 9080 89.2
Near miss 1028 101
Death 72 0.7
Data unavailable 23
Results Birth weight
Low (<2500 g) 345 34
We analysed 10 203 participants who were eligible for this study. Normal (2500-3999 g) 9218 9205
The flowchart for the data sample is shown in Fig. 1. Descriptive Large (24000 g) 624 61
analysis is shown in Table 2. Data unavailable . 16
g L . . Classification of weight for gestational age
Fig. 2 shows the frequency distribution of newborn birth Small for gestational age 827 8.0
weight, and Fig. 3 shows the frequency distribution of maternal Adequate for gestational age 7590 749
BMI. Both figures were merged in Fig. 4 and showed a weak cor- Large for gestational age 1713 169

relation between data (Spearman’s correlation coefficient = 0-22,
95 % CI 0-20, 0-24).

Using a y? test, there was no association between maternal
BMI category at the time of birth and SNO both using Atalah
and the Hyperglycaemia and Adverse Pregnancy Outcome 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.

ssaid Anssanun abpliguie) Aq auljuo paystiand /6100025 L L£000S/£L0L 0 L/Bio 10p//:sd1y


https://doi.org/10.1017/S000711452000197X

ot

British Journal of Nutrition

Maternal BMI and selected risk factors 1089

. Rs =0-22 (0-20-0-24)
y = 22.18x + 2607.55

Newborn weight (g)
2000 3000 4000 5000 6000

BMI (kg/m?)

Fig. 2. Birth weight distribution of newborns in the study population.
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Fig. 3. Women’s BMI in the study population.

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 the moment 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.” 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.'® 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.

2000 3000 4000 5000 6000
=
o
2 -
0
é\ —
g
83 -
g
8] __Z E—
S T T T T 1

2000 3000 4000 5000 6000
Newborn weight (g)

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 + 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 091 0-04, 6-67 1
Chronic anaemia 413 0-55, 2221 0-13
Obesity 298 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 117 0-37, 3-21 0.77

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

Condition OR 95 % ClI P
Placenta praevia 3:30 046, 1597 017
Accreta/increta/percreta placenta 275 010, 2498 0-36
Abruptio placentae 412 0-14,52.79 0-29
Other obstetric haemorrhage 3-67 1.04, 11.74 0-04
Pre-eclampsia (excludes eclampsia) 223 161, 3.08 <0-001
Eclampsia 117 053, 827 0-59
Pyelonephritis 1.03 0.04, 658 1
Malaria 0-83 0-64,1.06 0-15
Preterm rupture of membranes 1.37 0-59, 288 0-38
Anaemia 2:95 1.02, 8-31 0-04
Gestational diabetes 1655 3-.07,123.56  <0-001
Other pregnancy complications 113 069, 1.84 0-06
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The Hyperglycaemia and Adverse Pregnancy Outcome 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/m? 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?. We used the
same classification in order to compare our results with this large
cohort, but we were not able to find an association with neonatal
adverse outcomes.

One North American study including women with BMI
greater than 60 kg/m? 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/
m? 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®. Despite this, other studies showed that
overweight and obese mothers are more likely to have maternal
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. A data meta-analysis of thirty-nine cohorts
(Europe, North America and Oceania) found that higher pre-
pregnancy BMI and gestational weight gain were associated with
greater risks of maternal complications during pregnancy and
preterm birth®. 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 hypertension were associated with SNO (near miss 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’”.
Maternal obesity was also associated with sepsis and neonatal
morbidity®.

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™?.
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®. 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 (67-5kg) and the height
(1-617 m) that yielded a BMI equal to 25-81 kg/m? We could
not determine whether the results were similar, but the present

study showed a higher mean BMI (29-11 kg/m?), 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®”. As it is likely that Nigeria and Uganda are undergoing
a maternal 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®*-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, there were no pregnant women who 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 between maternal 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.

Ethical statement

Scientific approval for the original study was obtained from the
Review Panel on Research Projects (RP2) of the Department of
Reproductive Health and Research, WHO. Ethics approval was
obtained from the WHO Ethics Review Committee (protocol
AG5879), the Makerere University School of Health Sciences
Research and Ethics Committee, Uganda (protocol no. SHSREC
reference 2014-058), University of Ibadan/University College
Hospital Ethics Committee (UI/EC/14/0223), Federal Capital
Territory Health Research Ethics Committee, Nigeria (protocol
FHREC/2014/01/42/ 27-08-14) and Ondo State Government
Ministry of Health Research Ethics Review Committee, Nigeria
(AD 4693/160).

ssaid Anssanun abpliguie) Aq auljuo paystiand /6100025 L L£000S/£L0L 0 L/Bio 10p//:sd1y


https://doi.org/10.1017/S000711452000197X

ot

British Journal of Nutrition

Maternal BMI and selected risk factors 1091

Data can be made available upon request to the Department of
Reproductive Health and Research, WHO, Geneva, Switzerland.
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