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ORIGINAL ARTICLE

The interconnections between maternal and newborn health - evidence

and implications for policy

Zohra S. Lassi', Amara Majeed’, Shafia Rashid?, Mohammad Yawar Yakoob', and Zulfigar A. Bhutta'

"Division of Women and Child Health, The Aga Khan University, Karachi, Pakistan and zFamin Care International, New York, USA

Abstract

The past decade has witnessed increasing global attention and political support for maternal,
newborn and child health. Despite this increased attention, actual progress has been slow and
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sporadic: coverage of key maternal and newborn health interventions remains low and there

are wide disparities in access to care, within and across countries. Strategies for improving

History

maternal and newborn health are closely linked, and can be delivered most effectively through

a continuum of care approach. While these interventions are largely known, there is little
information on which interventions have a positive health impact for both women and
newborns. This supplement identifies the interventions during the preconception, pregnancy,
intrapartum and postnatal periods found to have a positive, synergistic effect on maternal and
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neonatal outcomes. These interventions are then grouped into packages of care for delivery at

the community, health center or hospital levels.

Introduction

The past decade has ushered in unprecedented global
commitment and attention to the health of mothers and their
newborn children. The Millennium Development Goals
(MDGs) set ambitious targets for reducing maternal and
under-five child mortality, for achieving social and economic
development and for ending poverty by the year 2015.

In spite of this increased attention, actual progress has been
slow and sporadic: rates of decline in maternal, newborn and
under-five mortality in several regions of the world remain
insufficient to achieve these goals by 2015. Furthermore,
progress is marked by inequities, not only across regions and
countries, but also within countries where maternal and child
health mortality rates and health indicators differ substantially
by geographic location (higher in rural versus urban areas) as
well as by socioeconomic status.

The burden of maternal and neonatal death and disability is
heavily concentrated in developing countries, and persists
despite the availability of simple, cost-effective and low-
technology interventions [1]. Coverage of key maternal and
newborn health interventions in developing countries is low,
and wide disparities exist within countries, across socio-
economic status, geographic location and educational status.
In 2008, only 63% of deliveries in developing countries were
attended by skilled health personnel, as opposed to 99% in
developed regions [2]. Furthermore, within developing
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regions, the proportion of women receiving the World
Health Organization (WHO) recommended four or more
antenatal visits is 67% in urban areas versus only 34% in rural
areas. Training skilled birth attendants in neonatal resuscita-
tion is also a missed opportunity: only 1 in 4 infants in six
African countries is delivered by an attendant skilled in
neonatal resuscitation and equipped with the appropriate
supplies [3].

While the interventions and strategies for ensuring mater-
nal and newborn survival are largely known, few attempts
have been made to identify which interventions affect both
women and newborn children, analyze identified synergies
between interventions, or assess the impact of efforts to
integrate these interventions across the continuum of care.
This special supplement identifies interventions that improve
both maternal and neonatal health outcomes, focusing
specifically on the interconnections between maternal and
newborn health strategies and interventions. The paper
provides an overview of the global burden of maternal and
newborn death and disability, and highlights how an
integrated, continuum of care approach can address this
public health problem. It then highlights (see °‘Results’”
section) the evidence for interventions found to have a
synergistic effect on maternal and neonatal outcomes during
the preconception period, -during pregnancy, during the
intrapartum period and during the postnatal/postpartum
period. The paper groups these interventions into proposed
packages of care for delivery at the community, health center,
or hospital levels, highlights gaps in knowledge and research,
and provides recommendations for an integrated management
of maternal and newborn health.
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Figure 1. Causes of maternal mortality.

Burden of maternal and newborn death and disability

Worldwide, an estimated 250 000280000 women die every
year [4], while over 15 million suffer from long-term illnesses
or disability due to complications of pregnancy and childbirth
[5]. Every year, an estimated 2.9 million babies die in the first
4 weeks of life [6,7]. Maternal health complications contrib-
ute to 1.5 million neonatal deaths during the first week of life
and 1.4 million stillbirths [5]. Data for neonatal morbidities
is limited, and gaps in data from developing countries for both
maternal and neonatal mortality/morbidity are a challenge,
especially with such a large number of births taking place
at home.

The majority of maternal deaths occur during labor,
delivery, and the immediate postpartum period, with obstetric
hemorrhage being the main medical cause of death (Figure 1).
Other direct causes of maternal mortality include hyperten-
sive diseases, sepsis/infections and unsafe abortion. Maternal
deaths due to indirect causes represent 18% of the global
total; these include malaria, anemia, HIV and cardiovascular
disease.

The main direct causes of neonatal death and morbidity
are infections, complications arising from preterm birth, and
intrapartum-related neonatal deaths; these account for nearly
80% of all neonatal deaths globally.

Approximately 99% of maternal and newborn deaths occur
in low and middle income countries. The risk of adverse
pregnancy outcomes is much higher in low and middle
income countries (LMICs) as compared to developed
countries. In 1990, maternal mortality was 115 times higher
in developing countries compared to developed countries
(n =405 605 in developing; n = 3448 in developed countries);
while the total number of maternal deaths decreased in 2011,
the difference between developed and developing countries
remained 100 times higher (n=270772 in developing;
n=2693). In select European countries, the risk of preg-
nancy-related maternal mortality is 1 in 20000 as compared
to 1 in 15 or 16 in high-risk countries, such as Somalia and
Chad [4].

In addition to the global burden of maternal death,
maternal morbidities (including anemia, maternal depression,
infertility, fistula, uterine rupture and scarring, and genital
and uterine prolapse) can have a significant impact on health
and well-being. These can result in women facing cata-
strophic health expenditures, and can also lead to significant
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losses of productivity. The global cost for maternal disability
is estimated to be US $6.8 billion annually [8].

The linkages between the health of women and
newborns

There is strong evidence on the close and inextricable
relationship between maternal and newborn health [9]. The
major causes of maternal and newborn death and disability
are linked, and pivotal time points for maternal and newborn
health overlap, with childbirth being the most sensitive
time period for both. Figure 2 describes these linkages.
For example, the same set of interventions can prevent or treat
the conditions resulting in maternal and newborn morbidity
and mortality.

The interventions that women receive during pre-
pregnancy, pregnancy, and childbirth have a beneficial
health impact on their newborn children. For example,
antenatal care and skilled birth attendance (SBA) not only
address the three major causes of maternal mortality
(bleeding, hypertensive diseases and infections), but also the
three main causes of neonatal death (infections, complications
arising from preterm birth and intrapartum-related neonatal
deaths). As illustrated in Table 1, lower coverage of SBA
correlates with higher neonatal mortality, with 77% of
neonatal deaths occurring in countries where coverage
of SBA is 50% or less. Simple treatments such as cleansing
of the umbilical cord and promotion of immediate breast-
feeding can prevent a significant portion of neonatal infec-
tions. Providing birth attendants with basic training and
equipment (bag and mask) for neonatal resuscitation is a low-
tech, low-cost opportunity for reducing intrapartum-related
neonatal deaths. Complications from preterm birth and low
birth weight (LBW) take the largest toll on newborn survival;
while more advanced care may be required for those born
before 33 weeks’ gestation, a meta-analysis suggested a 51%
reduction in mortality for newborns weighing less than 2000 g
through simple kangaroo mother care (KMC) or skin-to-skin
care with the mother [3,6].

Even further along the continuum of care, a number of
low-cost interventions including counseling and services
for family planning, vaccines, antibiotics, insecticide-treated
mosquito nets and micronutrient supplementation, along
with the promotion of improved feeding and hygiene prac-
tices, can together make an effective impact on both mother
and child [10].

Improving a woman’s nutritional status has translational
benefits for her child. As described in Box 1, good maternal
health and nutrition are important contributors to neonatal and
infant survival: when women are malnourished, ill or receive
inadequate care, their newborns face a greater risk of disease
and premature death [11]. Maternal infections and other
poor health conditions often contribute to neonatal morbidity
and mortality (including stillbirths, neonatal deaths and other
adverse clinical outcomes).

The linkages between maternal health and neonatal and
child survival has also been shown statistically in several
research studies. Newborns whose mothers have died during
childbirth have a much greater chance of dying in their first
year than those whose mothers remain alive. A study by
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Maternal and Newborn Interventions

Micronutrient supplementation
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Prevention and management of
diabetes, and hypertension
Management of infections and
vaccination

Provision of essential obstetric care
Provision of comprehensive
emergency obstetric care

Provision of community based
intervention packages

Reduced risk of maternal and newborn morbidity

and mortality

Figure 2. Linkages between maternal and newborn health.

Table 1. Skilled attendance at birth correlated with neonatal mortality.

Very low mortality Low mortality

Moderate mortality

77% of Neonatal deaths

High mortality Very high mortality

Neonatal mortality rate <5 6-15
Neonatal deaths 42000 212000
Skilled attendance at birth 100% 99%

16-30 31-45 >45
627000 1891000 1065 000
88% 52% 46%

Less than half of births with skilled attendance

Adapted from: Lawn et al. 2010 [12].

Box 1. Maternal and child undernutrition.

Maternal and child under nutrition remain a major public health
concern. Iron deficiency anemia increases the risk of maternal death
at delivery, accounting for at least 20% of maternal mortality [9].
Most of the consequences of under-nutrition, such as intrauterine
growth restriction (IUGR), stunting, and wasting, are preventable
[10]. It is estimated that the combination of stunting, severe wasting,
and IUGR is responsible for 2-2 million deaths and 21% of disability-
adjusted life years (DALYs) for children younger than five years [11].
Suboptimum breastfeeding practices contribute to about 1.4 million
deaths and 10% of disease burden in children less than five years of
age [12]. Both maternal and child under-nutrition can be addressed
through adequate dietary intake in pregnancy and supplementation
with iron, folic acid, and possibly other micronutrients and calcium
[11]. In addition, vitamin A supplementation can reduce all-cause
child mortality by 24% [13], while zinc supplementation can reduce
diarrheal mortality by 50% [14].

Ronsmans et al. [12], using data from population-based
surveillance during 1982-2005 in Matlab, Bangladesh
reported cumulative probabilities of survival and rates of
age-specific death (according to the survival status of the
mother during that period). The authors reported that the
risk of death for a newborn whose mother has died increases
up to 8-fold (risk ratio (RR) 8.35; 95% confidence

interval (CI): 5.73 to 12.18); similarly, the risk of a death
for infants age 1 to 5 months increases up to 27-fold if the
mother had died (RR 27.61; 95% CI: 20.27 to 37.61) [12].

The continuum of care for women and their children

The continuum of care for reproductive, maternal, newborn
and child health (RMNCH) is based on the concept that the
health and well-being of women, newborns and children
are closely linked and can be managed most effectively in an
integrated way; interventions at one stage of the life cycle
profoundly affect the rest (Figure 3). During the last decade,
the continuum of care approach has been identified as a core
principle of RMNCH programs, as a way to reduce the burden
of death and disability.

The continuum of care aims to bring together health care
for women and their children, and avoid the separation or
dichotomy in the care provided [13]. It recognizes that the
mother is not a lone entity; when she seeks medical attention
at the primary care level, any opportunity to gain information
regarding the health status of her child should not be missed,
and vice versa. For example, when a woman seeks family
planning or antenatal care (ANC), an unimmunized child can
be screened and vaccinated appropriately, growth parameters
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Figure 3. The RMNCH continuum of care.

can be assessed, and cases of malnutrition can be addressed.
Similarly, when a woman seeks care for her infant or child,
she can be asked about her interest in family planning, testing
for HIV, or other health interventions. In this way, health
intervention packages can be delivered to the whole family,
across population groups.

The continuum of care occurs in two dimensions:
time (throughout the lifecycle, i.e. adolescence, pregnancy,
childbirth, the postnatal period, and childhood) and place
(between places of care giving including households and
communities, outpatient and outreach services, and clinical-
care settings) [13]. Linking interventions across the lifecycle
allows the success of one stage to build on the previous one;
for example, appropriate services to ensure proper nutrition
during adolescence can prevent complications during preg-
nancy and reduce preterm birth. The second dimension of
place entails linking essential, quality maternal and newborn
health services across home, community and health facility
settings. This dimension takes into consideration the gaps
in care that occur at locations where care is most essential,
in the home and community — since in many developing
countries most women give birth at home [10]. Within this
continuum, the goal is to provide access to reproductive
health care and safe pregnancy and childbirth for all women;
and for all babies to grow into children who survive and
thrive [14].

Considering the interdependent relationship between
maternal and neonatal health, an integrated approach appears
to be the most pragmatic strategy for provision of maternal,
newborn and child health care in low-resource settings.
An integrated health system is potentially more cost effective
and helps to maximize the use of limited health resources and
provide a more seamless health care experience for clients —
allowing health care providers at all levels to achieve a greater
impact on the health of the people they serve. When linked
together and delivered as integrated programs, high-impact
maternal and newborn health interventions can lower costs,
promote greater efficiencies and reduce duplication of efforts
[9]. Monitoring implementation of the continuum of care can
also result in strengthening of health systems through
public health planning, greater efficiency in training, super-
vision and tracking of performance. In addition, a continuum
of interventions can bolster uptake and promote a continu-
ation of healthy behaviors through increased opportunities
for counseling [15].

J Matern Fetal Neonatal Med, 2013; 26(S1): 3-53

What has been done so far to improve maternal and
newborn health?

Recent evidence, highlighted in the Lancet series (on neonatal
survival, 2005; on maternal survival, 2006; on maternal and
child under-nutrition, 2008; and on Alma Alta, 2008) as well
as other sources, indicates that a package of interventions,
if implemented at scale, could substantially reduce both
newborn and maternal mortality. While the Lancet series
have emphasized numerous interventions for maternal and
newborn well being and survival, relatively few studies have
examined how interventions affect both women and newborn.
Almost no attempt has been made to identify synergies
between interventions, or to assess the impact of integrating
these interventions across the continuum of care. This
supplement identifies interventions which have beneficial
impacts on maternal and newborn health, and provides
recommendations for their scale-up as packages of care.

Methods

Based on the WHO recommended interventions for reducing
maternal and newborn deaths and disability [16], this review
assessed a total of 154 maternal and newborn health
interventions for their synergistic impact on maternal and
newborn health (MNH) outcomes. Systematic reviews were
conducted for these interventions; the interventions were then
categorized according to their impact on maternal and
neonatal mortality and morbidity. Biologically plausible
maternal and neonatal mortalities and morbidities were
pooled to assess additive or synergistic effects of interven-
tions on composite maternal and neonatal/infant outcomes.
Cases where interventions did not have significant impact on
maternal or neonatal outcomes individually were analyzed
for significant impacts in composite analyses. This review has
updated and complemented existing literature, and identified
key gaps in knowledge and priority areas for research for
integrated management of maternal and newborn health.

Additional empirical work was undertaken to explore
potential synergies with new and/or poorly researched areas
such as opportunities for linking maternal health, nutrition
and family planning interventions with perinatal and newborn
outcomes. The review also grouped interventions into pack-
ages of care, and identified possible or actual strategies for
delivering the interventions to populations of interest. Table 2
lists the interventions included in the review.

Search strategy and selection criteria

An inventory of the interventions aimed to reduce maternal
and neonatal morbidity and mortality was prepared using the
WHO recommended interventions [16]. Initially, reviews and
studies for each of these interventions were identified from
the Cochrane Library and the Lancet series (on neonatal
survival, 2005; on maternal survival, 2006; on maternal and
child under-nutrition, 2008; and on Alma Alta, 2008).

In addition, individual searches were conducted for any
studies that may have been published after the last search
dates of the systematic reviews. If no Cochrane reviews were
identified for a given intervention, PubMed was searched
for studies of that particular intervention. Exhaustive search



DOI: 10.3109/14767058.2013.784737

Table 2. Landscape of interventions evaluated in our review (total number of interventions = 102).
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Reproductive/Pre-
pregnancy

Pregnancy/childbirth

Postpartum/Neonatal

e Birth spacing/family
planning

e Periconceptual folic acid
supplementation

e Prepregnancy weight

e Diabetes

e HIV

e STIs

e Mental health

e Management of female
genital mutilation (FGM)

e Support for women with
special needs, (e.g. adoles-
cents, women living with
intimate partner violence)

e Four-visit focused antenatal package integrated with:
malaria prevention, intermittent preventive treatment in
pregnancy, and insecticide-treated bed nets
Iron supplementation
Zinc supplementation
Balanced energy protein supplementation
Multiple micronutrient supplementation
Antenatal folic acid
Vitamin A supplementation
Maternal iodine supplementation and fortification
Vitamin D supplementation
Vitamin E supplementation
Pyridoxine (B6) supplementation
Fish oil supplementation
Nutritional education and advice
Periodontal care
Detection and management of maternal diabetes
Smoking cessation
Reduction of exposure to smokeless tobacco
Prevention and treatment of malaria:
— Intermittent preventive treatment for malaria;
— Insecticide-treated nets
e Prevention of maternal drug abuse
e Prevention/management of pregnancy induced hypertension
(pre-eclampsia/eclampsia)
— using calcium
— antiplateletts
— magnesium sulphate
— antihypertensive for mild-to moderate hypertension
e Screening and management of STIs
— Gonorrhea and Chlamydia;
— Trichomonas vaginalis
— Syphilis (for woman and partner)
Prevention of mother-to-child transmission of HIV: HAART
Prevention of intimate partner violence
Reduction of exposure to indoor air pollution
Maternal vaccination
— influenza
— pneumococcal infection
e Tetanus immunization during pregnancy
e Anti-D administration during pregnancy and within 17h
postpartum
e Essential Obstetric care
— skilled birth attendance (SBA)
— use of clean delivery kits
e Induction of labour versus expectant management for post
term pregnancies
e Recognition and treatment of mild puerperal depression
e Antibiotics for premature rupture of membranes
e Use of beta-mimetic for prevention of preterm labour
L]
L]
L]

Drugs for cervical ripening and induction of labour
Amnioinfusion
Financial interventions (Conditional cash transfers/
incentives)
o In-hospital fetal surveillance unit
e Intrapartum cardiotocographic with or without pulse
oximetry
e Community-based intervention packages
e Training of traditional birth attendants in clean delivery and
referral
Social support (companion) during birth
Training of other cadres of community health workers
Neonatal resuscitation
Active management of third stage of labour
Delayed cord clamping
Partograph use
Comprehensive EmOC
— LSCS
— Blood transfusion

e Initiation of early breastfeeding

e Promotion of individual and group
counseling/education of immediate and
exclusive breastfeeding

e Mass media promotion of breastfeeding
e Early skin to skin contact for healthy
new-borns

e Postnatal visits

e Baby-friendly hospital

e Both prophylactic and therapeutic sur-
factant use for respiratory distress syn-
drome (RDS)

e Post-asphyxial management

e Application of continued distending
pressure to the lungs for RDS

e Immediate thorough drying after birth
e Neonatal vitamin A supplementation
for low birth weight (LBW) babies

e Zinc supplementation for preterm
births

e Postnatal selenium supplementation

e Neonatal vitamin K dosing

e Care of cord and skin

e Case management of neonatal sepsis/
pneumonia

e Hand washing

e Immunization according to the national
guidelines (BCG, Hepatitis B, OPV-O)

e Prevention of HIV transmission- infant
feeding counseling

(continued)
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Reproductive/Pre-
pregnancy

Pregnancy/childbirth

Postpartum/Neonatal

Perinatal audit
Maternal hyperoxygenation

Adequate pain relief

oxytocics

Instrumental delivery (vacuum- and forceps-assisted)
Corticosteroids in preterm labour

Prevention/treatment of postpartum hemorrhage, use of

e Prevention of mother-to-child transmission of HIV

e Management of retained products of conception

o Other methods to induce labour (e.g. nipple stimulation)

e Public-private partnerships to provide emergency obstetric

care
e Home versus hospital birth
Obstetric drills

Routine ultrasound scanning: Late pregnancy (3rd trimester)
Routine ultrasound scanning: Early pregnancy
Doppler monitoring — (both uterine and umbilical arteries)

Box 2. Criteria for determining quality of evidence for each intervention.

Quality of
evidence Study design Lower quality when Higher quality when
High Randomized trial e Serious (—1) or very serious (—2) limita- e Strong evidence of association — significant
Moderate Low-quality randomized tion to study quality relative risk of >2 (<0.5) based on consistent
trial or e Important inconsistency (—1) evidence from two or more observational studies,
high-quality observa- e Some (—1) or major (—2) uncertainty with no plausible confounders (+1)
tional study about directness e Very strong evidence of association — significant
Low Observational study e Imprecise or sparse data (—1) relative risk of >5 (<0.2) based on direct evidence
Very low Any other evidence e High probability of reporting bias (—1) with no major threats to validity (+2)
e Evidence of a dose response gradient (+1)
e All plausible confounders would have reduced the
effect (+1)

strategies were employed using appropriate key words,
accepted MeSH words, and combinations thereof. One
search approach employed broad search terms (e.g.
(““Pregnancy’’[MeSH] OR mother* OR pregnancy OR
maternal) AND (neonat* OR infan* OR child*), and was
combined with search terms specific for interventions, (e.g.
(““Iron”’[MeSH] OR iron OR folate OR folic acid). To
supplement the search, reports by agencies including WHO,
UNFPA, UNICEF and the World Bank were also reviewed.
A further snow-balling search was conducted through hand
searching of references from identified studies. The principal
focus was on collecting randomized controlled and quasi-
randomized trials, where such studies were missing; other
studies such as observational studies were also included.

Data abstraction, analysis of study quality and
effect estimation

The quality of the systematic reviews were analyzed using
the AMSTAR (Assessment of the Methodological Quality
of Systematic Reviews) criteria [17]. However, the quality
of evidence was analyzed using the GRADE (Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) [18,19] criteria (Box 2)). Any discrepancies across
the two methods were resolved through discussion within
the review team.

GRADE quality of evidence and GRADE recommenda-
tions were assessed for each intervention. The final recom-
mendations were therefore made according to the GRADE
criteria using a two-step process. First, the evidence was
graded based on the quality of study design. Subsequently,
the evidence was graded according to the following
recommendations:

e High: Further research is very unlikely to change our
confidence in the estimate of effect.

e Moderate: Further research is likely to have an important
impact on our confidence in the estimate of effect and
may change the estimate.

e Low: Further research is very likely to have an important
impact on our confidence in the estimate of effect and is
likely to change the estimate.

e Very low: evidence will not be included in our analysis.

Following the grading, the interventions were further
analyzed to assess their synergistic effect. Each intervention
was studied for its impact on maternal, fetal, newborn or child
outcomes. The synergies were classified as follows:

(1) Mother and fetus

(2) Mother and newborn

(3) Mother and infants/children

The interventions were categorized into Interconnections
Groups A, B, C, D or E, depending on whether statistically
significant outcomes for mother and/or newborn were found.
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Box 3. Interconnections groups.
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A

B

C

D

E

High level of evidence of
benefit of the interven-
tion to both the mother
and fetus/newborn

B-1

Moderate/low level of evidence
of benefit of the intervention
to both mother and fetus/new-
born and are usually part of
packages

High/moderate/low level
of evidence of benefit
of the intervention on
a single category
(i.e. either maternal out-
come or fetal/newborn/
childhood outcome)

No immediate benefits of

the intervention; how-
ever, the impact is later
in life, in infancy/child/
adulthood

No existing evidence
of benefit of the
intervention on
the outcomes

B-1I

Moderate/low level of evidence
of benefit of the intervention to
both mother and fetus/newborn
and not part of packages

A list of 154 interventions from WHO recommended
interventions for improving maternal and newborn health was

obtained.

/

8 interventions
targeted towards
women of
reproductive age

Interventions
divided into
groups

\

40 interventions
targeted towards

newborns

106 interventions
targeted towards
pregnancy

N

Literature search done for individual
interventions utilizing PubMed, Cochrane
Library, Lancet Series and additional hand

searches

v

Studies identified were classified
according to GRADE criteria and

Interconnections groups

Composite
analysis using
generic inverse

variance of Group
A interventions

\

«
52 Group D
interventions

50 Group C
interventions

Composite analyses for 11
interventions conducted

Figure 4. Pathway for selection of interventions for meta-analysis.

See Box 3 for criteria used for classifications of the
interventions.

Box 3 categorizes the level of evidence on the impact on
maternal, fetal, neonatal, and infant mortality and stillbirths in
an attempt to identify the most efficient and efficacious set of
interventions. Figure 4 further illustrates the pathway for
selection of interventions for meta-analyses. Figure 5 details
the process for abstraction of studies.

Group A interventions were further analyzed to derive
estimates for composite maternal and neonatal/infant mortal-
ity. This was performed via generic inverse variance to pool
the risk ratios of individual outcomes into an effect for
composite outcome using the software RevMan 5.1 [20].

Heterogeneity of meta-analyses was assessed from the p-value
(Chi square) and the I statistic and when found significant,
random models were used to try to adjust for unexplained
heterogeneity. Figure 6 details how Group A interventions
span across the continuum of care.

The assessment of composite outcomes on maternal, fetal
and neonatal mortality was followed by determining com-
posite outcomes for corresponding morbidities. The combin-
ation of maternal and neonatal morbidity was based on a
temporal and biological association between maternal mor-
bidity and neonatal morbidity. For instance, in studies where
the use of magnesium sulfate for preeclampsia was analyzed,
the maternal morbidity was combined with neonatal outcome
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Literature search done for individual
interventions utilizing PubMed, The
Cochrane Library, and the Lancet Series

Abstracts selected and
screened = 2232

Studies reviewed with potential of
eligibility = 682
1
Included studies = 146

Cochrane systematic reviews
identified = 25

A 4 A 4 A 4
Reproductive age group | | Pregnancy/Intrapartum | | Neonatal Period

Figure 5. Flow diagram of literature search/synthesis of study
identification.
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Figure 6. Summary of Group A (n=19) interventions along the
continuum of care.

of Apgar scores. The aim of this exercise was to identify
additive or synergistic impacts of an intervention on com-
posite outcomes of maternal, neonatal and infant health
parameters. An outcome was considered synergistic if it
displayed statistically significant benefit in any of the
composite outcomes of maternal and neonatal mortality/
morbidity.

Results

The interventions found to have a positive synergistic impact
on both maternal and neonatal mortality and morbidity are
outlined below; they are grouped along the continuum of care
(from reproductive/preconception, pregnancy, childbirth and
postpartum).

Interventions during the reproductive/preconception
period

Care during pregnancy has long established links with
improved maternal and neonatal outcomes (see next section
on the antenatal period). More recently, greater attention is
also being paid to the period before pregnancy, specifically
focusing on preconception care. The preconception period
provides an opportunity to intervene earlier to optimize the
health of potential mothers (and fathers) and to prevent
harmful exposures from affecting the developing fetus. For

J Matern Fetal Neonatal Med, 2013; 26(S1): 3-53

example, early childbearing negatively affects educational and
economic opportunities; women with lower education are less
knowledgeable about health-prevention activities, and are
more likely to live a life of poverty. Their children have fewer
options and are also more likely to die. Young mothers are
often not physically mature enough to deliver a baby, leaving
them and their children at risk for death or disability from
obstructed labor, fistula, premature birth or low birth weight.

For the purpose of this review, preconception care and
its boundaries are defined as: ‘‘any preventive, promotive
or curative health care intervention provided to women
of childbearing age in the period before pregnancy (at least
2 years) or between consecutive pregnancies, to improve
health-related outcomes for women (regardless of their
pregnancy status), newborns or children up to 5 years of
age’’ [21].

This section identifies key interventions during the
preconception period (such as birth spacing and preventing
teenage pregnancy) which have synergistic effects on mater-
nal and neonatal health outcomes. It further explores these
interconnections by elucidating the effects of various inter-
ventions during the pre-pregnancy period on the woman and
her newborn. These synergies can be used to guide imple-
mentation efforts and in scaling-up interventions in health
programs.

Interventions evaluated and their assigned GRADE

Table 3 enumerates the interventions evaluated in this
analysis, reports impact on composite maternal and fetal/
neonatal outcomes, and assigns each intervention to an
Interconnection group (A, B, C or D).

Nutritional interventions
Peri-conceptual folic acid supplementation

The use of folic acid 3 months before conception is known to
reduce the risk of first occurrence and a recurrence of neural
tube defects (NTDs) [22]. For this intervention, reviews were
identified which looked at the impact of peri-conceptual folic
acid supplementation on maternal, pregnancy and neonatal
outcomes.

Impact estimates: Evidence from the Cochrane review by
De-Regil et al. [23] showed that peri-conceptual folic acid
supplementation had a significant protective effect on NTDs
(RR 0.28; 95% CI: 0.15 to 0.52). The review did not reveal
any significant impact of folic acid supplementation on
miscarriages (RR 1.10; 95% CI: 0.97 to 1.26) and stillbirths
(RR 0.96; 95% CI: 0.51 to 1.83). Blencowe et al. [24] also
reported a significant reduction in occurrent neural tube
defects with peri-conceptual folic acid supplementation (RR
0.38; 95% CI: 0.29 to 0.51). Bukowski et al. [25] reported a
significant decrease in the incidence of preterm births
between 20 and 28 weeks (RR 0.22; 95% CI: 0.08 to 0.61).
The same study also reported that the risk of spontaneous
preterm birth decreased with the duration of peri-conceptual
folate supplementation (p=0.01) and was the lowest in
women who used folate supplementation for 1 year or longer.
Brouwer et al. [26] also provides data on the potential long-
term health benefits to mother in terms of significant
reduction in the total plasma homocysteine levels (tHcy)
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Table 3. Individual interventions with composite maternal/fetal/neonatal impact estimates and their assigned GRADE.

Impact estimates/# of

Intervention Composite maternal/fetal/neonatal outcome studies Grade
Nutrition
Periconceptual Folic acid No composite analysis was done - A
Supplementation
Maternal pre-pregnancy weight
Underweight Being under-weight (BMI = <18.5 kg/m?) did not increase the risk (RR 0.90; 95% CI: 0.68 to BII
for preeclampsia and preterm birth 1.20) n=4
Being under-weight (BMI = <18.5 kg/m?) did not increase the risk (RR 0.96; 95% CI: 0.09 to
for preeclampsia and low birth weight 10.35) n=1
Being under-weight (BMI = < 18.5 kg/m?) did not increase the risk (RR 0.52; 95% CI: 0.27 to
for preeclampsia and stillbirths 1.00) n=1
Being under-weight (BMI = <18.5 kg/m?) did not increase the risk (RR 0.91; 95% CI: 0.20 to
for preeclampsia and SGA 417) n=1
Overweight Being overweight (25.0-29.9 kg/rn2) increased risk of hypertensive (RR 1.46; 95% CI: 1.22 to
disorders of pregnancy and preterm birth 1.76) n=4
Being overweight (25.0-29.9 kg/m2) increased risk of hypertensive (RR 1.59; 95% CI: 1.15 to
disorders of pregnancy and stillbirths 221)n=1
Being overweight (25.0-29.9 kg/mz) increased risk of preeclamp- (RR 1.80; 95% CI: 1.35 to
sia and preterm birth 241)n=28
Being overweight (25.0-29.9 kg/m?) increased risk of preeclamp- (RR 1.88; 95% CI: 1.44 to
sia and stillbirths 2.46) n=3
Being overweight (25.0-29.9 kg/m?) increased risk of gestational (RR 1.84; 95% CI: 1.51 to
diabetes mellitus (GDM) and macrosomia 224)n=3
Prevention/avoidance of No composite analysis was done - BI
teenage pregnancy
Family planning Long (IPIs of >60 months increased the risk for eclampsia and (RR 1.24; 95% CI: 1.13 to A
fetal death 1.37)n=2
Long IPIs of >60 months increased the risk for third trimester (RR 1.13; 95% CI: 1.06 to
bleeding and fetal death 1.30) n=2
Long IPIs of >60 months of had no effect on risk for maternal (RR 1.03; 95% CI: 0.99 to
anemia and fetal death 1.06) n=2
Short IPIs of <6 months had no effect on risk for third trimester (RR 1.07; 95% CI: 0.90 to
bleeding and fetal death 128) n=1
Short IPIs of <6 months had no effect on risk for preeclampsia and (RR 1.00; 95% CI: 0.83 to
fetal death 1.20) n=1
Short IPIs of <6 months had no effect on risk for eclampsia and (RR 1.02; 95% CI: 0.73 to
fetal death 141)n=1
Short IPIs of <6 months had no effect on risk for third trimester (RR 1.56; 95% CI: 0.79 to
bleeding and preterm birth death 3.09)n=1
Short IPIs of <6 months had no effect on risk for preeclampsia and (RR 1.49; 95% CI: 0.69 to
preterm birth 324)yn=1
Short IPIs of <6 months had no effect on risk for eclampsia and (RR 1.75; 95% CI: 0.92 to
preterm birth 332)n=1
Short IPIs of <6 months had no effect on risk for preeclampsia and (RR 1.08; 95% CI: 0.99 to
SGA 1.18) n=1
Preconception counseling No composite analysis was done - BI
Diabetes Preconception care versus no/standard care for diabetes reduced (RR 0.14 95% CI: 0.05 to A
the risk for HbA1C>7.8% for mothers in the first trimester and 041)n=1
perinatal mortality.
Preconception care versus no/standard care for diabetes did not (RR 0.32 95% CI: 0.08 to
reduce the risk for HbA1C>7.8% for mothers in the first 1.37)n=2
trimester and congenital malformations in the neonate
Infections
STIs No composite analysis was done - BI
HIV/AIDS prevention No composite analysis was done - BI
strategies
Maternal mental health No composite analysis was done - C

with 400 mcg folic acid supplementation during 24 weeks of
supplementation (p <0.001). The lower plasma homocysteine
reduces the risk of heart diseases and stroke.

Composite analysis: No composite outcomes were gener-
ated due to the lack of studies that looked into both maternal
and neonatal outcomes simultaneously.

Key findings: Although the composite analysis did not
produce results, this intervention did demonstrate benefits for
the woman and the newborn individually. Thus, all women
should be advised and given folate at least 3 months before

conception until 3 months after conception to prevent the
occurrence and/or recurrence of NTDs.

Maternal pre-pregnancy weight

Pre-pregnancy underweight poses major perinatal risks, e.g.
stillbirths, preterm births, small for gestational age (SGA) and
low birth weight babies [27-34]. Pre-pregnancy overweight
has been linked to two major causes of maternal mortality
[35,36], i.e. hypertensive disorders of pregnancy [35-39] and
gestational diabetes mellitus [36,38], as well as an entire
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Study or Subgroup

Risk Ratio
log[Risk Ratio] SE Weight IV, Random, 95% CI
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Risk Ratio
IV, Random, 95% CI

1.3.1 Preelampsia

Abenhaim 2007 -0.4005 01293 20.5%
Chen 2010 -0.3857 03245 111%
Driul 2008 -0.312 04417 7.6%
Nohr 2008 -1.3471 0.7431 3.3%

Subtotal (95% CI) 42.5%

Testfor overall effect: Z= 3.62 (P = 0.0003)

1.3.2 Preterm Birth

Abenhaim 2007 0131 0.0669 23.3%
Chen 2010 -0.1625 0.2606 13.8%
Driul 2008 0388 0254 141%
Nohr 2008 04383 05015 6.3%
Subtotal (95% CI) 57.5%

Testfor overall effect Z= 216 (P=0.03)
Total (95% CI) 100.0%

Testfor overall effect Z=0.70 (P = 0.48)

0.67 [0.52, 0.86)
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Heterogeneity: Tau®= 0.00; Chi*= 163, df= 3 (P = 0.65); F= 0%
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Citation to the included studies:

Abenhaim 2007[32], Chen 2010[33], Driul 2008[34], Nohr 2008[28].

Figure 7. Pre-pregnancy underweight — preeclampsia and preterm birth.

spectrum of adverse pregnancy outcomes [27,28,39-44].
In order to define the categories of weight that are not
normal, the WHO and the National Institutes of Health
grouped weight into four categories according to
individuals’ body mass index: underweight (<18.5kg/m?),
normal (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and
obese (30.0kg/m?). This analysis examines the effect of pre-
pregnancy underweight and overweight women on maternal,
pregnancy and neonatal outcomes.

Under-weight

Impact estimates: In various studies, pre-pregnancy under-
weight was associated with an increased risk for preterm birth
(OR 1.75;95% CI: 1.13 to 2.71) [45], (OR 1.41; 95% CI: 1.37
to 1.35) [46], (OR 2.11; 95% CI: 1.03 to 4.32) [47]. Pre-
pregnancy underweight was also found to significantly
increase the likelihood of SGA babies (OR 1.95; 95% CI:
1.52 to 2.50) [48], (OR 1.90; 95% CI: 1.70 to 2.12) [49],
stillbirths (OR 1.39; 95% CI: 0.33 to 5.86) [50] and LBW
babies (OR 1.54; 95% CI: 1.04 to 2.28) [51]. As expected,
pre-pregnancy underweight reduced the risk of Cesarean
section (OR 0.65; 95% CI: 0.44 to 0.95) [52], hypertensive
disorders of pregnancy (OR 0.71; 95% CI: 0.60 to 0.84) [53]
and gestational diabetes mellitus (GDM) (OR 0.22; 95%
CI: 0.05 to 0.97) [54].

Composite analysis: The analysis showed a non-significant
association of pre-pregnancy underweight and risk for
preeclampsia and preterm birth (RR 0.90; 95% CI: 0.68 to
1.20) (Figure 7), preeclampsia and LBW (RR 0.96; 95% CI:
0.09 to 10.35), preeclampsia and stillbirths (RR 0.52; 95%
CI: 0.27 to 1.00), preeclampsia and SGA (RR 0.91; 95%
CI: 0.20 to 4.17).

Key findings: The analysis did not reveal significant results
of pre-pregnancy underweight on composite maternal and
fetal/neonatal outcomes, although there were significant
impacts on maternal and neonatal health outcomes individu-
ally. Since many studies have proven the morbid pregnancy

outcomes of preconception underweight women, it is recom-
mended that interventions for adequate nutrition be incorpo-
rated into health systems.

Overweight

Impact analysis: Overweight women during pregnancy
have been shown to have an increased risk of hypertension
(OR 1.56; 95% CI: 1.35 to 1.80) [53], preeclampsia (OR 2.38;
95% CI: 1.53 to 3.70) [54] and gestational diabetes mellitus
(OR 2.50; 95% CI: 2.10 to 2.98) [49]. Overweight women are
also at a higher risk for postpartum hemorrhage (OR 1.26;
95% CI: 1.03 to 1.54) [53], another leading cause of maternal
mortality. In terms of pregnancy outcomes, women with pre-
pregnancy overweight have an increased likelihood of
cesarian sections (OR 2.22; 95% CI: 1.45 to 3.40) [55],
preterm birth (OR 2.43; 95% CI: 1.36 to 4.36) [56], stillbirths
(OR 1.79; 95% CI: 1.59 to 2.02) [57] and macrosomia (OR
1.66; 95% CI: 1.23 to 2.24) [53].

Composite analysis: Pre-pregnancy overweight women are
at a higher risk for the composite outcomes of hypertensive
disorders and preterm birth (RR 1.46; 95% CI: 1.22 to 1.76),
hypertensive disorders and stillbirths (RR 1.59; 95% CI: 1.15
to 2.21), preeclampsia and preterm birth (RR 1.80; 95%
CI: 1.35 to 2.41) (Figure 8), preeclampsia and stillbirths (RR
1.88; 95% CI: 1.44 to 2.46), gestational diabetes mellitus and
macrosomia (RR 1.84; 95% CI: 1.51 to 2.24) (Figure 9).

Key findings: The analysis revealed significant effects of
pre-pregnancy overweight on maternal and neonatal out-
comes. Maternal obesity has serious consequences for both
mother and child; measures for controlling maternal weight
therefore need to be prioritized.

Maternal age at conception: prevention of teenage pregnancy

Ten percent of women between the age of 14-49 years
become mothers by the age of 16 in sub-Saharan Africa and
south and south-east Asia. Adolescent pregnancy is dangerous
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 Preeclampsia
Abenhaim 2007 0.8242 0.0984 71% 2.28[1.88, 2.77] -
Cedergren 2004 0.9632 0.026 7.4% 2.62[2.49, 2.76] -
Chen 2010 0.8671 0.2254  6.3% 2.38[1.53, 3.70] -
Driul 2008 0.3764 0.4735  4.2% 1.46 [0.58, 3.69] 1
LaCoursiere 2005 0.9123 0.0295 7.3% 2.49 [2.35, 2.64] "
Murakami 2005 2.0956 0.3907 4.9% 8.13[3.78, 17.49] -
Phithakwatchara 2007 1.3533 0.3143  5.5% 3.87[2.09, 7.17] -
Sebire 2001 0.7608 0.0743  7.2% 2.14[1.85, 2.48] -
Subtotal (95% ClI) 50.0% 2.48 [2.25, 2.73] ‘

Heterogeneity: Tau? = 0.01; Chi? = 20.48, df = 7 (P = 0.005); I> = 66%
Test for overall effect: Z = 18.29 (P < 0.00001)

1.4.2 Preterm birth

Abenhaim 2007 0.1832 0.073 7.2% 1.20 [1.04, 1.39]
Cedergren 2004 0.1989 0.0346 7.3% 1.22[1.14,1.31]
Chen 2010 0.4511 0.2004 6.5% 1.57 [1.06, 2.33]
Driul 2008 0.8891 0.2975 5.7% 2.43 [1.36, 4.36]
LaCoursiere 2005 -0.0202 0.0322 7.3% 0.98 [0.92, 1.04]
Murakami 2005 0.0953 0.6143 3.3% 1.10[0.33, 3.67]
Phithakwatchara 2007 -0.1165 0.3367 5.3% 0.89[0.46, 1.72]
Sebire 2001 -0.1985 0.0255 7.4% 0.82[0.78, 0.86]
Subtotal (95% ClI) 50.0% 1.14[0.95, 1.36]

Heterogeneity: Tau? = 0.04; Chi2 = 111.46, df =7 (P < 0.00001); I2 = 94%
Test for overall effect: Z=1.38 (P =0.17)

Total (95% CI)

100.0%

1.80 [1.35, 2.41]

Heterogeneity: Tau? = 0.30; Chi2 = 1614.31, df = 15 (P < 0.00001); 12 = 99%
Test for overall effect: Z = 3.96 (P < 0.0001)
Test for subgroup differences: Chi2 = 55.64, df = 1 (P < 0.00001), 12 = 98.2%

Citation to the included studies:
Abenhaim 2007[32], Cedergren 2004[36], Chen 2010[33], Driul 2008[34], LaCoursiere 2005[37],
Murakami 2005[38], Phithakwatchara 2007[35], Sebire 2001[39].
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Figure 8. Pre-pregnancy overweight — preeclampsia and preterm birth.
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for both the mother and the child, including obstructed and
prolonged labor, high risk of development of vesico-vaginal
fistulae, stillbirths and neonatal deaths, as well as preterm
birth, low birth weight and asphyxia [58].

Impact estimates: A 2012 Lancet review described various
prevention policies that targeted adolescent health [59].
It cited a study, which revealed that legal access to oral
contraception without parental involvement was associated
with an 8:5% decrease in birth rates [60]. It also cited a
randomized controlled trial by Campbell et al. [61] which
involved full-day, year-round child care given 5 d a week for 5
years (from age 0-5 years with a structured curriculum) and
resulted in the intervention group mothers being less likely to
become a repeat parent before age 20 years (26% versus 45%).
This analysis reviewed a number of programs for preventing
teenage pregnancy. One of these was implemented in multiple
community centers and provided educational and vocational
support, sex education, medical care, sports, arts, free STI
testing and condoms [62]. This program was successful in
reducing the risk of teen pregnancy by 41%. Another highly

successful program (risk reduction of 57%) focused on youth
development through community service and personal devel-
opment [63].

Expanded sexual education programs delivered by adults
did not show an effect in preventing adolescent pregnancy
[64—-67], except in one study in Chile [68]. Similarly,
abstinence-focused education [69,70] and provision of free
contraception alone [71] did not show a significant effect in
risk reduction for adolescent pregnancy. Of those studies
evaluating contraceptive methods, hormonal implants were
found to be extremely successful in preventing repeat teenage
pregnancy, causing an 89% risk reduction [72]. Contraceptive
provision to adolescents might also be more successful if
implemented in school-based health centers with case man-
agement provided by an onsite care provider [73].

Composite analysis: No composite outcomes were gener-
ated due to the lack of studies which examined maternal and
neonatal outcomes simultaneously.

Key findings: Various trials have shown that abstinence
education, expanded sexual health education provided by
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Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
1.5.1 GDM
Abenhaim 2007 0.6366 0.0755 20.2% 1.89[1.63, 2.19] bl
Chen 2010 0.8416 0.2763  8.3% 2.32[1.35, 3.99] -
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Subtotal (95% Cl) 50.3%  1.78[1.59, 1.98] |

Heterogeneity: Tau2 = 0.00; Chi2 = 2.81, df = 2 (P = 0.25); I2=29%
Test for overall effect: Z=10.23 (P < 0.00001)

1.5.2 Macrosomia

Abenhaim 2007 0.5068 0.153 14.9% 1.66 [1.23, 2.24] -
Chen 2010 0.239 0.193 12.3% 1.27[0.87, 1.85] I

Sebire 2001 0.8587 0.0289 22.5% 2.36 [2.23, 2.50] u
Subtotal (95% CI) 49.7% 1.77 [1.20, 2.59] ‘

Heterogeneity: Tau? = 0.10; Chi? = 14.81, df =2 (P = 0.0006); 12 = 86%

Test for overall effect: Z =2.91 (P = 0.004)
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Test for overall effect: Z = 6.10 (P < 0.00001)
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Figure 9. Pre-pregnancy overweight — gestatational diabetes mellitus and macrosomia.

adults and provision of contraception alone are not effective
in reducing the incidence of teenage pregnancy. However,
comprehensive interventions that involve program implemen-
tation in community centers, sexual and reproductive health
services, contraceptive provision, and school-based education
and youth development programs are highly effective in
reducing the risk of teenage pregnancy.

Family planning

Both short and long inter-pregnancy intervals (IPIs) are
known to be associated with adverse perinatal outcomes
[74,75] such as preterm birth, low birth weight, SGA and
perinatal death. For this review, the exposure IPI (from the
end of one pregnancy to the beginning of another) was largely
used, to accommodate those intervals where the preceding
pregnancy may not have ended in a birth, and short (<6
months) and long (>60 months) intervals were compared to
the ‘‘ideal’” interval (which was usually 12-23 months).
Impact analysis: Available data on birth spacing shows
that short IPIs of <6 months as compared to IPIs of 18-23
months are associated with a statistically significant higher
risk of low birth weight (OR 1.61; 95% CI: 1.39 to 1.86) [76],
preterm birth (OR 1.40; 95% CI: 1.24 to 1.58) [76], and SGA
infants (OR 1.26; 95% CI: 1.18 to 1.33) [76]. As compared to
IPI of <18 months, an IPI of 18-23 months was associated
with a decreased risk of perinatal mortality (AOR 0.45; 95%
CI: 0.20 to 0.98) [77]. As far as maternal outcomes are
concerned, it was observed that compared to an IPI of 18-23
months, an IPI of <6 months was also associated with
significantly increased risk of maternal death (OR 2.54; 95%

CI: 1.22 to 5.38) [76], maternal anemia (OR 1.30; 95% CI:
1.18 to 1.43) [76], and other obstetric morbidities including
premature rupture of membranes (1.72; 95% CI: 1.53 to 1.93)
[76], puerperal endometritis (OR 1.33; 95% CI: 1.22 to 1.45)
[76] and third trimester bleeding (OR 1.73; 95% CI: 1.42 to
2.24) [76].

Composite analysis: The analysis revealed some signifi-
cant results for long IPIs, which included an increased risk for
eclampsia and fetal death (RR 1.24; 95% CI: 1.13 to 1.37)
(Figure 10) and for third trimester bleeding and fetal death
(RR 1.13; 95% CI: 1.06 to 1.30) (Figure 11). However,
the impact of long IPIs on risk for maternal anemia and
fetal death (RR 1.03; 95% CI: 0.99 to 1.06) failed to reach
statistical significance for these composite outcomes. All
the results regarding short IPIs failed to reach statistical
significance.

Key findings: An IPI of less than 6 months is associated
with adverse maternal outcomes (e.g. increased risk of
anemia, obstetric morbidities and death) and poor fetal/
neonatal outcomes (e.g. increased risk of preterm births, low
birth weight and SGA infants). Ensuring adequate birth
spacing (18-23 months) has also been seen to reduce the risk
of perinatal mortality. An IPI of 18-23 months is recom-
mended to decrease maternal and neonatal morbidity and
mortality.

Pre-conception counseling

This analysis reviews counseling interventions aimed at
women during the preconception and antenatal periods.
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Risk Ratio
IV, Fixed, 95% CI

Risk Ratio
IV, Fixed, 95% CI
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Subtotal (95% CI) 14.2%

Heterogeneity: Chi2 = 0.85, df =1 (P = 0.36); I2= 0%
Test for overall effect: Z = 4.24 (P < 0.0001)

1.6.2 Fetal death
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Figure 10. Long IPI — eclampsia and fetal death.
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Figure 11. Short IPI — eclampsia and fetal death.

Impact estimates: Women exposed to preconception
counseling were more likely to quit smoking before preg-
nancy (OR 2.94; 95% CI: 0.70 to 8.84) [78], initiate breast
feeding early (RR 1.49; 95% CI: 1.22 to 1.82) [79] or use folic
acid (RR 1.57; 95% CI: 1.10 to 2.24) [80]. Women exposed
to information on pre-conception health during routine family
planning visits had a 51.8% (p =0.06) greater likelihood of
identifying their pregnancies as intended [81]. This interven-
tion was also associated with lower rates of ectopic pregnancy
(0.2% compared to 0.8% in general population) [82]. In a

review by Bhutta et al. [79], quarterly group education
sessions facilitated by lady health workers and community
health committees, including promotion of ANC and maternal
health education, were associated with a reduction in stillbirth
rate (RR 0.79; 95% CI: 0.68 to 0.92), neonatal mortality rate
(RR 0.85; 95% CI: 0.76 to 0.96) and perinatal mortality rate
(RR 0.83; 95% CI: 0.74 to 0.93).

Composite analysis: An analysis was not done as most
studies targeted interventions to women, not only before
conception but also before birth.
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Key findings: Women who receive pre-conception coun-
seling are more likely to change their behaviors and initiate
breastfeeding early than women who did not receive coun-
seling. Preconception counseling allows women to identify
and reduce possible risk factors for poor maternal and
newborn health outcomes before pregnancy.

Diabetes

Diabetes in pregnancy is associated with elevated rates of
miscarriage [83], pre-eclampsia [84,85], preterm labor,
cesarean sections [86,87] and fetal malformation [86,88—
90]. Optimal glycemic control during pregnancy may reduce
these diabetes-related risks, but a more effective time to
intervene could be before pregnancy. A number of systematic
reviews on the effectiveness of preconception care in diabetic
women show positive trends in maternal and newborn health
outcomes [86,91,92].

Impact analysis: Various studies report the advantages
of preconception care for pre-gestational diabetes on
maternal outcomes. A study by Tripathi et al. [93]
showed that diabetic women with preconception care
were more likely to have better glycemic control 3
months preconception (OR 1.91, 95% CI 1.10-3.04) and
in the first trimester (OR 2.05; 95% CI: 1.39 to 3.03). The
study by Temple et al. [94] showed that the risk of
preterm births decreased in diabetic women receiving pre-
pregnancy care (RR 0.64; 95% CI: 0.47 to 0.88). However,
another study by the same author reported no difference in
rates of pre-eclampsia (13.1 versus 12.6%) [95] between
the women who did and those who did not attend pre-
pregnancy care. Another study reported a reduced risk of

Favours PCC  Favours no PCC
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cesarean section in diabetic women receiving this inter-
vention (RR 0.73; 95% CI. 056 to 0.95) [96].
Preconception care for diabetic mothers was able to
significantly reduce the occurrence of congenital malfor-
mations (RR 0.19 95% CI: 0.04 to 0.81) [97] and perinatal
mortality (RR 0.28; 95% CI: 0.08 to 0.94) [97].

Composite analysis: The analysis showed that preconcep-
tion care versus non-preconception care for diabetes signifi-
cantly reduced the risk for HbA1C>7.8% for mothers in the
first trimester and perinatal mortality (RR 0.14 95% CI: 0.05
to 0.41) (Figure 12). However, the result for this intervention
failed to reach significance for reduced risk for HbA1C>7.8%
for mothers in the first trimester and congenital malforma-
tions in the neonate (RR 0.32 95% CI: 0.08 to 1.37).

Key findings: Counseling of diabetic women should begin
at the time of preconception rather than during pregnancy.

Infections: sexually transmitted infections

Sexually transmitted infections (STIs) during pregnancy are
associated with adverse pregnancy outcomes — ranging from
early abortion, stillbirth and premature births to congenital
infections and infant death [98,99]. The opportune time to
identify and address risk factors for poor reproductive health
outcomes for women and babies is before conception [100].
The literature was reviewed for the effects of gynecologic
infections in women in the preconception period on maternal
and newborn health outcomes, and to identify interventions
which reduce these infections and any associated morbidity
and mortality. Due to a shortage of preconception data being
available, studies done among the general population were
also included.

Risk Ratio Risk Ratio
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Figure 12. Preconception care versus non-preconception care — HbA1C>7.8% in first trimester and perinatal mortality.
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Impact estimates: In review of intervention treatment
programs, Marion et al. [101] stated that the estimated
probability of a woman who was part of an STI management
intervention program having an STI at month 15 after
program initiation was 20% less than that for a woman
who was not part of such a program. Mass treatment with
antibiotics significantly dropped the rates of syphilis (OR
0.83; 95% CI: 0.73 to 0.96) [102], gonorrhea (OR 0.43; 95%
CIL: 0.25 to 0.74) [103], trichomoniasis (OR 0.64; 95% CI:
0.54 to 0.76) [102] and bacterial vaginosis (OR 0.87; 95%
CI: 0.83 to 0.91) [102].

In reviewing behavioral interventions, Jemmott et al. [104]
reported significant 12-month STI reduction (12%) with
intensive group skills counseling. Interventions concentrating
on behavioral modifications for STIs promoted overall safer
practices in the subjects, especially in terms of increase in
condom use (OR 5.50; 95% CI: 2.80 to 10.80) [105].

Composite analysis: No composite outcomes were gener-
ated due to the lack of studies which examined maternal and
neonatal outcomes simultaneously.

Key findings: Mass treatment of STIs with antibiotics and
behavioral/counseling interventions leads to a reduction in
STI prevalence and incidence, respectively. Interventions
targeting STIs also lead to a significant increase in safer
sexual behaviors, especially condom use.

HIV/AIDS prevention strategies

Babies born with HIV are more likely to develop AIDS and
have serious complications. Additionally, HIV-positive
women are more likely to terminate their pregnancies, give
birth to low birth weight babies, deliver preterm or experience
stillbirths [106-109]. For the purpose of this review, both
therapeutic and preventive preconception measures to reduce
HIV infection were examined.

Impact estimates: In reviewing preventive measures,
Karim et al. [110] showed that microbicides used by
women significantly reduced the risk of HIV infection
(RR 0.63; 95% CI: 0.42 to 0.92). However, various other
studies reported no significant risk reduction for HIV with the
use of microbicides [111-112]. Condom use has been shown
to be the most effective way to prevent HIV infection through
sexual intercourse (RR 0.37; 95% CI: 0.15 to 0.91) [113],
(RR 0.13; 95% CI: 0.07 to 0.24) [114]. Denison et al. [115]
stated that voluntary counseling and testing (VCT) recipients
were significantly less likely to engage in unprotected sex
when compared to behaviors before receiving VCT, or as
compared to participants who had not received VCT
(OR 1.69; 95% CI: 1.25 to 2.31). As far as therapeutic
interventions were concerned, a study by Fang et al. [116]
where free Highly Active Anti-retroviral therapy (HAART)
as provided to all HIV positive women showed that
HIV transmission rate from mother to child decreased by
53% (95% CI: 31 to 65%).

Composite analysis: No composite outcomes were gener-
ated due to the lack of studies that looked into maternal and
neonatal outcomes simultaneously.

Key findings: Therapeutic interventions such as antiretro-
viral therapy are successful in preventing transmission to
partners and newborns. Ongoing trials may provide urgently
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needed evidence as to whether prophylactic or therapeutic
use of antiretroviral drugs is safe and effective in women
of reproductive age, and improves maternal and newborn health
outcomes. Among preventive measures, condom and micro-
bicide use reduced the risk of HIV transmission to the partner.
Microbicides have been shown to prevent HIV infection
in women; a number of clinical trials are underway to test the
efficacy of a different ARV-based microbicides in preventing
HIV. Voluntary counseling and testing has also been shown
to lower the likelihood of having unprotected intercourse.

Maternal mental health

Evidence suggests that depression and anxiety during preg-
nancy and postpartum can severely impact family life, the
mother—infant relationship and the future mental health of
the child [117-120]. Maternal antenatal depression generally
has been highly correlated with preterm deliveries [121].

Impact estimates: There is a serious lack of evidence
of how pre-pregnancy mental ill-health and psychotropic
drug use may affect pregnancy. Pre-pregnancy depression
is significantly related to preterm births (OR 1.04; 95% CI:
1.02 to 1.07) [122], and adolescent depression per se was
significantly associated with an increased risk of miscarriages
(AOR 2.25; 95% CI: 1.12 to 4.50) [123]. In a study by Seth
et al. [124], adolescents with high levels of psychological
distress were reported to have high-risk behavior, relative to
those with low levels of psychological distress. They were
more likely to have a biologically confirmed STI (adjusted
odd ratio (AOR) 1.40, 95% CI: 1.01 to 1.94), to use condoms
inconsistently in the past 2 months (AOR 1.50; 95% CI: 1.02
to 2.21), not use condoms during their last casual sexual
encounter (AOR 1.89; 95% CI: 1.08 to 3.30) and have
sex while high on alcohol or drugs in the past 2 months
(AOR 1.47; 95% CI 1.07 to 2.02). When assessing for
maternal morbidity, adolescent depression was positively
associated with suffering from intimate partner violence
(IPV) (AOR 3.47; 95% CI: 1.11 to 10.84) but not STIs (AOR
1.50; 95% CI: 0.83 to 2.72) [123]. Silverman et al. [125]
concluded that a pre-existing psychiatric condition was one
of the best predictors of the development of postpartum
depression.

Key findings: Depression in adolescents significantly
increases the risk of miscarriages, preterm births, [PV and
high-risk behavior. The literature indicates that mental state
at preconception is a good indicator of the development of
postpartum depression.

Interventions during the antenatal period

ANC plays an important role in reducing maternal and
newborn morbidity and mortality by promoting healthy
behaviors and addressing a woman’s health care needs such
as diet, exercise and rest. ANC also includes interventions
for the prevention and treatment of human immunodeficiency
virus (HIV) infection and other STIs, and chronic diseases
during pregnancy. Table 4 identifies the interventions
evaluated in this paper, their reported impact on composite
maternal and fetal/neonatal outcomes, and the Interconnection
groups (A, B, C or D) to which they have been assigned.
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Nutritional interventions
Iron—folic acid supplementation

During pregnancy, women with iron-deficiency anemia
have inadequate weight gain, a weakened immune system,
heavy placenta (weighing more than 700 grams) and are
more likely to have a preterm or low birth weight infant.
[126-129].

Impact estimates: A review by Yakoob et al. [130] found
that iron supplementation and iron/folate supplementation
during pregnancy reduces the risk of iron deficiency anemia
at term (RR 0.33; 95% CI: 0.16 to 0.69), and anemia at term
(RR 0.27; 95% CI: 0.12 to 0.56), respectively. A review by
Pena-Rosas et al. [131] reported in cases where women were
provided with iron supplementation during the antenatal
period, there was no impact on the prevention of low birth
weight (<2500 g) (RR 0.79; 95% CI: 0.61 to 1.03), very LBW
(<1500¢g) (RR 0.73; 95% CI: 0.31 to 1.74) or premature
delivery (<37 weeks) (RR 0.85; 95% CI: 0.67 to 1.09).

Composite analysis: Results from composite analyses
reveal that the use of iron—folic acid supplementation during
pregnancy has a significant impact on anemia at term and low
birth weight (RR 0.52; 95% CI: 0.31 to 0.88) (Figure 13), and
on anemia at term and preterm delivery (RR 0.55; 95% CI:
0.38 to 0.80). The intervention also displayed a significant
impact on the composite outcome of maternal anemia at term
and very premature delivery (RR 0.49; 95% CI: 0.32 to 0.75).

Key finding: Routine supplementation of iron—folic acid
during pregnancy should be recommended.

Multiple micronutrient supplementation

Women of reproductive age, especially pregnant women, in
developing countries are at risk of multiple micronutrient
deficiencies, such as iron, folic acid, iodine, zinc, vitamins A
and D, riboflavin, B6 and B12, with the likelihood of adverse
effects on the mother and pregnancy outcomes [132,133].

J Matern Fetal Neonatal Med, 2013; 26(S1): 3-53

Impact estimates: A review by Haider et al. [134] showed
that multiple micronutrient supplementation during preg-
nancy had no significant effect on maternal anemia in the
third trimester compared to iron—folate (RR 1.03; 95% CI:
0.87 to 1.22). However, the same review showed a significant
reduction in the risk of SGA infants with the use of multiple
micronutrient supplements (RR 0.91; 95% CI: 0.86 to 0.96)
compared to iron—folate supplementation [134]. The impact
of this intervention in another review by Imdad et al., showed
no impact on stillbirths (RR 0.98; 95% CI: 0.88 to 1.10) [135]
or on perinatal mortality (RR 1.07; 95% CI. 0.92 to 1.25)
[135]. There was also no evident reduction in the risk of
neonatal mortality (RR 1.05; 95% CI: 0.92 to 1.19) [134].

Composite analysis: No composite outcomes were gener-
ated due to the lack of studies that looked into maternal and
neonatal outcomes simultaneously.

Key findings: Studies show that multiple micronutrient
supplementation in pregnancy is associated with significant
reductions in SGA births. No effects on perinatal or neonatal
mortality were found to be significant. Therefore, more
research is required to study how maternal micronutrient
supplementation can help improve both maternal and new-
born health outcomes.

Balanced protein energy supplementation during pregnancy

Balanced protein/energy supplementation provides nutritional
support for women whose protein intake is less than 25% of
the total daily energy consumption. Women targeted for this
intervention are those with a body mass index <18.5.
Impact estimates: A review by Imdad et al. [136] showed a
significant reduction in stillbirths (RR 0.55; 95% CI: 0.31 to
0.97) and SGA babies (RR 0.69; 95% CI: 0.56 to 0.85) with
the use of balanced protein/energy supplementation during
pregnancy. However, its impact on neonatal deaths failed to
reach significance (RR 0.63; 95% CI: 0.37 to 1.06). A
Cochrane review by Kramer et al. [137] also had similar

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% ClI
1.1.1 Low birth weight
Cogswell 2003 —1.3407 0.48295 12.9% 0.26 [0.10, 0.67] -
Eskeland 1997 0 0 Not estimable
Hemminki 1991 —0.10536 0.21808 19.5% 0.90 [0.59, 1.38] e
Makrides 2003 0.27763 0.43063 14.2% 1.32[0.57, 3.07] -
Subtotal (95% Cl) 46.6% 0.72[0.33, 1.57] -
Heterogeneity: Tau? = 0.34; Chi2 = 6.99, df =2 (P = 0.03); 12 =71%
Test for overall effect: Z =0.84 (P = 0.40)
1.1.2 Anaemia at term (Hb< 110 g/L)
Cogswell 2003 —0.28768 0.38337 15.3% 0.75[0.35, 1.59] -
Eskeland 1997 -2.8134 1.41986 3.0% 0.06 [0.00, 0.97] ]
Hemminki 1991 —1.3093 0.29353 17.7% 0.27 [0.15, 0.48] -
Makrides 2003 —-0.7985 0.30614 17.3% 0.45[0.25, 0.82] -
Subtotal (95% Cl) 53.4% 0.40 [0.22, 0.72] ‘
Heterogeneity: Tau? = 0.17; Chi2 = 6.41, df = 3 (P = 0.09); |2 = 53%
Test for overall effect: Z = 3.05 (P = 0.002)
Total (95% Cl) 100.0% 0.52 [0.31, 0.88] ’
Heterogeneity: Tau2 = 0.31; Chi2 = 20.89, df = 6 (P = 0.002); 12 = 71% t t t 1

0.01 0.1 1 10 100

Test for overall effect: Z =2.46 (P = 0.01)
Test for subgroup differences: Chi2 = 1.35, df = 1 (P = 0.25), 12 = 25.8%

Citations to the included studies:

Favours experimental Favours control

Cogswell 2003[7], Eskeland 1997[8], Hemminki 1991[9], Makrides 2003[10]

Figure 13. Iron supplementation versus none/placebo — anemia at term (Hb<110 g/l) and low birth weight.
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findings, highlighting that balanced energy/protein supple-
mentation was associated with a reduction in the risk of SGA
babies (RR 0.69; 95% CI: 0.56 to 0.85) and a lowered risk of
stillbirths (RR 0.55; 95% CI: 0.31 to 0.97). The review also
reported that the maternal group which received balanced
protein supplements gave birth to babies with a higher mean
birth weight as compared to the control group (Mean
difference (MD) 37.62; 95% CI: —0.21 to 75.45) [137].
This effect was more pronounced in malnourished women
compared to adequately nourished women.

Composite analysis: No composite outcomes were gener-
ated due to the lack of studies that looked into maternal and
neonatal outcomes simultaneously.

Key findings: More research is required to study how
balanced protein/energy supplementation during pregnancy
can help improve both maternal and newborn health outcomes.

ANC during pregnancy and four-visit focused ANC model

The aim of ANC is to detect or prevent and manage
conditions that may adversely affect the health of the mother
and/or fetus/newborn.

Impact analysis: A Cochrane review by Dowswell et al.
[138] showed a significant increase in the number of maternal
deaths (RR 1.13; 95% CI: 0.5 to 2.57) with reduced number of
antenatal visits as compared to standard ANC visits. However,
availability of ANC services leads to an increase in the
detection of anemia (from 26.3% pre-intervention to 41.3%
post-intervention, p=0.001) [139] and pregnancy-induced
hypertension (PIH) (11% in women attending one of the care
programs versus 5.1% women not attending the program, P
0.03) [139]. A study by Humphrey et al. [140] also reported
an increased risk of perinatal mortality (OR 6.30; 95% CI:
3.72 to 10.69) without ANC.
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Composite analysis: No composite analysis was done for
this intervention due to the lack of studies reporting
impact estimates for both maternal and fetal/neonatal
outcomes.

Key findings: ANC packages can help reduce maternal
mortality and morbidities (e.g. those resulting from post-
partum hemorrhage and anemia), and increase detection of
pregnancy complications (e.g. pregnancy-induced hyperten-
sion (PIH)).

Newborn care preparedness: community-based intervention
packages

To support the basic primary health care infrastructure, a
range of community-based intervention packages have been
introduced to train people in the community (e.g. community
health workers (CHWs)) with background medical know-
ledge. These intervention packages deliver preconception,
antenatal and postnatal care. Only studies which implemented
packages of health interventions (packages included multiple
interventions such as building community support groups and
provision of home-based ANC, childbirth and postnatal
services by CHWSs) were considered eligible for inclusion.
The interventions and packages of interventions reviewed
included breastfeeding promotion, iron—folic acid distribu-
tion, among others, but in all cases the ultimate goal is to
improve maternal, perinatal, and neonatal mortality and
morbidity.

Impact analysis: The available data suggests that intro-
duction of community-based intervention packages reduce
maternal mortality (Kidney 2009: OR 0.62; 95% CI: 0.39 to
0.98) [141,142]. It was also seen that these packages
improved breastfeeding practices (RR 0.81; 95% CI: 0.74 to
0.89) [143] and other health care practices in pregnancy,

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.15.1 Maternal Mortality
Azad 2010 0.5538 0.298 3.5% 1.74[0.97, 3.12] —
Bhutta 2008 —0.431 0.287 3.7% 0.65[0.37, 1.14] T
Bhutta 2010 0.986 1.154 0.3% 2.68[0.28, 25.73] I
Greenwood 1990 0.077 0.47 1.6% 1.08 [0.43, 2.71] I —
Jokhio 2005 —0.301 0.254 4.5% 0.74 [0.45, 1.22] T
Kumar 2008 -0.357 0.525 1.3% 0.70 [0.25, 1.96] 1
Manandhar 2004 -1.514 0.756 0.7% 0.22 [0.05, 0.97]
Tripathy 2010 -0.223 0.23 5.2% 0.80 [0.51, 1.26] e
Subtotal (95% CI) 20.8% 0.85[0.61, 1.19] <&
Heterogeneity: Tau? = 0.08; Chi2 = 11.60, df = 7 (P = 0.11); 12 = 40%
Test for overall effect: Z=0.92 (P = 0.36)
1.15.2 Neonatal Mortality
Azad 2010 -0.105 0.107 11.6% 0.90[0.78, 1.11] -
Bhutta 2008 -0.371 0.116 10.9% 0.69 [0.55, 0.87] -
Bhutta 2010 -0.128 0.061  15.0% 0.88[0.78, 0.99] -
Greenwood 1990 -0.371 0.116 10.9% 0.69 [0.55, 0.87] -
Kumar 2008 -0.693 0.168 7.7% 0.50 [0.36, 0.70] -
Manandhar 2004 -0.357 0.142 9.2% 0.70 [0.53, 0.92] -
Tripathy 2010 -0.342 0.077 13.8% 0.71[0.61, 0.83] -
Subtotal (95% CI) 79.2% 0.74 [0.65, 0.84] ¢
Heterogeneity: Tau? = 0.02; Chi2 = 16.85, df = 6 (P = 0.010); 12 = 64%
Test for overall effect: Z = 4.68 (P < 0.00001)
Total (95% ClI) 100.0% 0.76 [0.67, 0.86] ¢
Heterogeneity: Tau? = 0.02; Chi2 = 29.15, df = 14 (P = 0.010); I2 = 52% ' t t 1

0.01 0.1 1 10 100

Test for overall effect: Z = 4.45 (P < 0.00001)
Test for subgroup differences: Chi2 = 0.67, df =1 (P = 0.41), 12 = 0%

Citations to the included studies:

Favours experimental Favours control

Azad 2010[24], Bhutta 2008 [25], Bhutta 2011[26], Greenwood 1990 [27], Jokhio 2005 [28],

Kumar 2008[29], Manandhar 2004[30], Tripathy 2010 [31].

Figure 14. Community-based intervention packages versus control — maternal and neonatal mortality.
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such as increased rates of iron—folic acid supplementation
in pregnant women from 32 to 76% (p <0.001) [144]. Use of
community-based intervention packages also resulted in a
significant decrease in the incidence of stillbirths (RR 0.84;
95% CI: 0.74 to 0.97) [142], neonatal mortality (RR 0.76;
95% CI: 0.68 to 0.84) [142] and perinatal mortality (RR
0.80; 95% CI: 0.71 to 0.91) [142].

Composite analysis: The analysis showed a significant
(RR 0.76; 95% CI: 0.67 to 0.86) (Figure 14) reduction in
maternal and neonatal mortality with these packages. It also
showed that providing access to community support and
advocacy groups as part of packages markedly improved (RR
0.76; 95% CI: 0.66 to 0.88) maternal and neonatal mortality
(Figure 15). The composite impact of this intervention on
health-seeking behavior for maternal and neonatal morbidity
was also assessed; it revealed that health care seeking
significantly improved (RR 1.99; 95% CI: 1.45 to 2.73).

Key findings: The introduction of community-based inter-
vention packages has been shown to reduce maternal and
neonatal mortality, and improves breastfeeding and health-
seeking practices. The results from this analysis support
community-based intervention packages for a more holistic
and self-sustaining approach to improving maternal and
newborn health.

Management of STIs in pregnancy

STIs, other than HIV, are not adequately addressed by
societies, government and health workers even though they
have significant health impact on women and newborns [145].

Syphilis

The WHO estimates that there are at least 12 million newly
diagnosed cases of syphilis globally each year [146]. Maternal
syphilis causes adverse health outcomes in newborns.

J Matern Fetal Neonatal Med, 2013; 26(S1): 3-53

Impact estimates: A recent review by Blencowe et al. [147]
reported that treatment with penicillin was associated with an
82% reduction in stillbirth (95% CI: 67 to 90%), a 64%
reduction in preterm delivery (95% CI: 53 to 73%) and an
80% reduction in neonatal deaths (95% CI: 68 to 87%) There
is also a strong trend towards reduced risk of pregnancy loss
among women receiving multiple doses of penicillin for the
treatment of syphilis (RR 0.63; 95% CI: 0.48 to 0.84) [148].
Walker et al. [149] reported that treating syphilis (complete or
incomplete treatment with three penicillin doses) as a part of
ANC reduced perinatal mortality by 63% (RR 0.37; 95% CI:
0.18 to 0.76).

Composite analysis: No composite analysis was done for
this intervention due to the lack of studies providing impact
estimates on both maternal and neonatal morbidity and
mortality outcomes.

Key findings: The prevention and management of syphilis
is a key intervention for preventing adverse outcomes in the
mother, fetus and newborn. There is a dearth of studies that
report both maternal and neonatal outcomes; additional
research can help fill these gaps.

Gonorrhea

Impact analysis: A review by Brocklehurst et al. [150]
examined the use of penicillin for the treatment of gonorrhea
versus any other antibiotic used; it was associated with a non-
significant increased risk of failure to achieve microbiological
cure (OR 2.49; 95% CI: 0.88 to 7.02). Other comparisons in
the same review were amoxicillin and probenicid versus
spectinomycin (OR 2.29; 95% CI: 0.74 to 7.08) and versus
ceftriaxone (OR 2.29; 95% CI: 0.74 to 7.08), respectively, for
the treatment of gonorrhea; these also did not reach signifi-
cance when reporting the failure of microbiological cure in
the mother.

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.16.1 Maternal Mortality
Azad 2010 0.5538 0.298 4.7% 1.74[0.97, 3.12] —
Bhutta 2008 -0.431 0.287 5.0% 0.65[0.37, 1.14] T
Bhutta 2010 0.986 1.154 0.4% 2.68[0.28, 25.73] I
Kumar 2008 -0.357 0.525 1.8% 0.70[0.25, 1.96] I
Manandhar 2004 -1.514 0.756 0.9% 0.22[0.05, 0.97]
Tripathy 2010 -0.223 023  6.8% 0.80[0.51, 1.26] -
Subtotal (95% Cl) 19.5% 0.85 [0.52, 1.37] @
Heterogeneity: Tau2 = 0.17; Chi2 = 11.00, df = 5 (P = 0.05); 12 = 55%
Test for overall effect: Z = 0.68 (P = 0.50)
1.16.2 Neonatal Mortality
Azad 2010 -0.105 0.107 13.7% 0.90[0.73, 1.11] -
Bhutta 2008 -0.371 0.116  13.0% 0.69 [0.55, 0.87] -
Bhutta 2010 -0.128 0.061  16.9% 0.88[0.78, 0.99] -
Kumar 2008 -0.693 0.168 9.7% 0.50 [0.36, 0.70] -
Manandhar 2004 -0.357 0.142  11.3% 0.70[0.53, 0.92] -
Tripathy 2010 -0.342 0.077 15.9% 0.71[0.61, 0.83] -
Subtotal (95% Cl) 80.5% 0.74 [0.64, 0.86] L]
Heterogeneity: Tau? = 0.02; Chi2 = 15.87, df = 5 (P = 0.007); 12 = 69%
Test for overall effect: Z = 4.04 (P < 0.0001)
Total (95% ClI) 100.0% 0.76 [0.66, 0.88] *
Heterogeneity: Tau? = 0.03; Chi2 = 27.50, df = 11 (P = 0.004); I2 = 60% ' t t 1

0.01 0.1 1 10 100

Test for overall effect: Z = 3.67 (P = 0.0002)
Test for subgroup differences: Chi2 = 0.27, df = 1 (P = 0.60), 12 = 0%

Citations to the included studies:

Favours experimental Favours control

Azad 2010[24], Bhutta 2008 [25], Bhutta 2011[26], Kumar 2008[29], Manandhar 2004[30], Tripathy 2010 [31].

Figure 15. Access to community support and advocacy groups in intervention package versus no package outcome: composite maternal and neonatal

mortality.
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Composite analysis: No composite analysis was done for
this intervention due to the lack of studies providing impact
estimates on both maternal and neonatal morbidity and
mortality outcomes.

Chlamydia

Impact analysis: A review by Brocklehurst et al. [151]
showed that azithromycin is more effective than erythromycin
for the treatment of chlamydial infection (Failure to achieve
microbiological cure: RR 0.38; 95% CI: 0.19 to 0.74). No
significant impact was found on neonatal mortality for any
antibiotic therapy versus placebo for chlamydia infection (RR
7.43; 95% CI: 0.15 to 374.24).

Composite analysis: No composite analysis was done for
this intervention due to the lack of studies providing impact
estimates on both maternal and neonatal morbidity and
mortality outcomes.

Trichomoniasis

Impact analysis: For the treatment of trichomoniasis the
review by Giilmezoglu et al. [152] reported that metronida-

Study or Subgroup log[Risk Ratio] SE Weight

IV, Random, 95% CI
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zole improved cure rates by 89% (RR 0.11; 95% CI: 0.08 to
0.17) during pregnancy. However, the treatment had no
impact on neonatal outcomes such as preterm birth (<37
weeks) (RR 1.78; 95% CI: 1.19 to 2.66) and LBW (<2500g)
(RR 1.38; 95% CI: 0.92 to 2.06).

Composite analysis: Treatment of trichomoniasis in preg-
nancy with metronidazole yielded non-significant impact on
the composite outcome of failure to achieve parasitological/
microbiological cure in the mother and neonatal morbidities,
such as preterm birth (RR 0.46; 95% CI: 0.03 to 6.50)
(Figure 16).

Bacterial vaginosis

Impact analysis: A review by McDonald et al. [153] suggests
that antibiotic treatment given to women with bacterial
vaginosis in pregnancy was associated with reduced failure
of cure (OR 0.17; 95% CI: 0.15 to 0.20). There was no
significant decrease in the risk of preterm birth (<37 weeks
gestation) for any treatment versus no treatment or placebo
(OR 0.91; 95% CI: 0.78 to 1.06).

Risk Ratio
IV, Random, 95% CI

Risk Ratio

1.10.1 Failure to achieve microbiological/parasitological cure

Klebanoff 2001 -2.1203 0.2069  50.0%
Subtotal (95% Cl) 50.0%
Heterogeneity: Not applicable

Test for overall effect: Z = 10.25 (P < 0.00001)

1.10.2 Preterm birth (<37 weeks)

Klebanoff 2001 0.5766 0.205 50.0%
Subtotal (95% CI) 50.0%
Heterogeneity: Not applicable

Test for overall effect: Z=2.81 (P = 0.005)

Total (95% CI) 100.0%

Heterogeneity: Tau? = 3.59; Chi2 = 85.74, df = 1 (P < 0.00001); |12 = 99%

Test for overall effect: Z = 0.57 (P = 0.57)

Test for subgroup differences: Chi2 = 85.74, df = 1 (P < 0.00001), 12 = 98.8%

Citations to the included studies:
Klebanoff 2001[40]

-
<

0.12[0.08, 0.18]
0.12 [0.08, 0.18]

1.78 [1.19, 2.66]
1.78 [1.19, 2.66]

0.46 [0.03, 6.50]

0.01 0.1 1 10 100
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Figure 16. Interventions for trichomoniasis in pregnancy: (metronidazole versus no treatment) — failure to achieve microbiological/parasitological cure

and preterm birth.

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% ClI
1.11.1 Failure of test of cure
McDonald 1997 -1.0789 0.2069 21.8% 0.34[0.23, 0.51] a
NICHD MFMU 2000 —-1.6607 0.0975 23.8% 0.19[0.16, 0.23] -
Odendaal 2002 —-1.6094 0.2555 20.7% 0.20[0.12, 0.33] =
Subtotal (95% CI) 66.3% 0.23 [0.16, 0.33] <&
Heterogeneity: Tau? = 0.07; Chi2 = 6.51, df = 2 (P = 0.04); 12 = 69%
Test for overall effect: Z =7.75 (P < 0.00001)
1.11.2 Perinatal mortality
McDonald 1997 —-0.0202 1.4175 3.7% 0.98[0.06, 15.77]
NICHD MFMU 2000 -0.3711 0.3573 18.0% 0.69[0.34, 1.39] I
Odendaal 2002 0.9203 0.6151  11.9% 2.51[0.75, 8.38] T
Subtotal (95% CI) 33.7% 1.11 [0.44, 2.82] -
Heterogeneity: Tau? = 0.27; Chi2 = 3.30, df =2 (P = 0.19); 12 = 39%
Test for overall effect: Z = 0.23 (P = 0.82)
Total (95% CI) 100.0% 0.40 [0.22, 0.71] L 4
Heterogeneity: Tau? = 0.36; Chi2 = 33.26, df = 5 (P < 0.00001); 12 = 85% t t t 1
Test for overall effect: Z = 3.10 (P = 0.002) 0.01 0.1 1 10 100

Test for subgroup differences: Chi2 = 9.53, df = 1 (P = 0.002), 12 = 89.5%

Citations to the included studies:

Favours experimental Favours control

McDonald 1997[42], NICHD MFMU 2000[43], Odendaal 2002[44].

Figure 17. Treatment of bacterial vaginosis in pregnancy — failure of microbiological cure and perinatal mortality.
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Composite analysis: Treatment of bacterial vaginosis
in pregnancy yielded a significant reduction (60%) on the
composite outcome of failure of parasitological/microbio-
logical cure in the mother and perinatal mortality (RR 0.40;
95% CI: 0.22 to 0.71) (Figure 17).

Key findings: Azithromycin was more effective than
erythromycin for achieving microbiological cure. Treatment
of bacterial vaginosis in pregnancy yielded an impact on the
composite outcome of failure to achieve parasitological/
microbiological cure in the mother and on perinatal mortality.

Prevention and management of HIV in pregnancy

The majority of HIV-infected children acquire the virus
through mother-to-child transmission (MTCT), either during
the intrapartum period or postnatally through breastfeeding.
Antiretroviral therapy can reduce the risk of mother to child
transmission of HIV. While studies show that nevirapine
can decrease the risk of transmission of HIV-1 from mother
to infant [154,155], the WHO Guidelines [157] no longer
recommend short course regimens of nevirapine due to
evidence of increased resistance among pregnant women.

Antiretroviral therapy including HAART

In developed countries, HAART therapy has reduced vertical
transmission from 1-2%; however, in developing countries
HAART therapy is not widely available; instead, low-cost
antiretroviral regimens are offered to pregnant women and
their children to decrease transmission.

Impact analysis: A recent review by Siegfried et al. [154]
showed that the rates of stillbirths were reduced with the use
of 3 Regimens of different antiretrovirals. The results from six
studies were not pooled and RR ranged from 1.48 (95%
CI: 0.25 to 8.58) to 2.99 (95% CI: 0.12 to 73.33). Volmink
et al. [155] stated that short courses of antiretroviral drugs
are effective in reducing vertical transmission of HIV by 54%
(RR 0.46; 95% CI: 0.35 to 0.60). In a randomized control trial
(RCT), maternal HAART and daily infant Nevirapine for 28
weeks were effective in reducing HIV transmission during
breastfeeding [156].

According to the WHO 2010 guidelines [157], lifelong
ART for HIV-infected women in need of treatment is
recommended for their own health, and is also safe and
effective in reducing MTCT. For HIV-infected pregnant
women who are not in need of ART for their own health,
effective ARV prophylaxis is recommended to prevent
HIV infection in their infants. In such women ARV
prophylaxis should be started from as early as 14 weeks
of gestation (second trimester) or as soon as feasible
during pregnancy, labor, delivery, breastfeeding or there-
after. Two options are recommended for HIV-infected
pregnant women who are not eligible for ART: option A
is maternal AZT +infant ARV prophylaxis; option B is
maternal triple ARV prophylaxis.

Composite analysis: The use of zidovudine for reducing
MTCT in pregnancy did not yield significant results for the
composite outcome for maternal and neonatal mortality (RR
1.44; 95% CI: 0.54 to 3.86).

Key findings: The evidence brought forth by this review
revealed that courses of antiretroviral drugs reduced stillbirths
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as well as vertical transmission of HIV. To prevent MTCT in
women who do not require ART for their own health, it is
recommended that either maternal AZT + infant ARV
prophylaxis or maternal triple ARV prophylaxis should be
started by 14 weeks of gestation and continued during labor,
delivery and breastfeeding.

Prevention of malaria in pregnancy

Malaria during pregnancy has adverse effects on the health
of the mother and baby, including maternal anemia and low
birth weight [158]. Prevention of malaria during pregnancy,
therefore, is an important strategy in endemic areas.

Impact analysis: Reviews show that administration of
routine antimalarial drugs, such as prophylaxis, reduced
placental parasitaemia [(RR 0.53; 95% CI: 0.33 to 0.86),
(RR 0.48; 95% CI: 0.35 to 0.68) [159,160]] and maternal
anemia (RR 0.90; 95% CI. 0.81 to 0.99) [160] in women
living in malarial endemic areas, especially when given to
primigravidas and secondigravidas. When given during first
and second pregnancy it also causes significant reduction in
the risk of having low birth weight infants (RR 0.71; 95% CI:
0.55 to 0.92), (RR 0.11; 95% CI: 0.07 to 0.17) [160,161]. A
similar decrease in the incidence of low birth weight was also
noted by Eisele et al. (RR 0.65; 95% CI: 0.55 to 0.77) [162].
The evidence regarding the effect of chemoprophylaxis on
maternal mortality (RR 0.34; 95% CI: 0.04 to 3.27) [159] and
neonatal mortality (RR 1.02; 95% CI: 0.73 to 1.43) [159]
failed to reach significance.

Composite analysis: The results of antimalarial drug
prevention for women in the first or second pregnancy
failed to improve composite outcome of maternal and
perinatal death (RR 0.70; 95% CI: 0.45 to 1.09). A significant
composite outcome was generated for maternal anemia and
low birth weight when the intervention was given to women
in their first or second pregnancy (RR 0.64; 95% CI: 0.46
to 0.88), and for severe maternal anemia and low birth
weight (RR 0.56; 95% CI 0.42 to 0.74) (Figure 18), raising
the possibility of its synergistic benefit on mother and
neonate.

Key findings: These findings indicate that use of anti-
malarial medications in women in the first or second
pregnancy can have a composite impact on reducing maternal
anemia and low birth weight, and severe anemia and low birth
weight. However, the analysis showed no significant impact
on combined maternal and neonatal/fetal mortality, highlight-
ing the need for additional research to generate impact
estimates.

Use of insecticide-treated nets in pregnancy

An insecticide-treated bed net (ITN) is a mosquito net that
repels, disables, and/or kills mosquitoes coming into contact
with insecticide on the netting material. Use of such nets is
mostly applicable to areas where malaria is endemic.
Impact estimates: A study by Ter Kuile et al. [163]
showed that ITNs reduced the risk of maternal anemia (RR
0.80; 95% CI: 0.48 tol.33) [163] and clinical illness (RR
0.72; 95% CI: 0.19 to 2.75) [163]. It was seen in the review
by Gamble et al. [164] that the use of ITNs is very effective
in reducing perinatal morbidity (reduction in LBW) (RR
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.13.1 Severe maternal anaemia
Ndyomugyenyi 2000 —0.0943 0.409 12.0% 0.91[0.41, 2.03] -
Parise 1998i -0.5276 0.4296 10.8% 0.59[0.25, 1.37] .
Parise 1998ii —-0.693 0.455 9.7% 0.50 [0.20, 1.22] T
Subtotal (95% Cl) 32.5%  0.66 [0.41,1.07] @
Heterogeneity: Chi2 = 1.06, df = 2 (P = 0.59); 12 = 0%
Test for overall effect: Z = 1.68 (P = 0.09)
1.13.2 Low birth weight
Ndyomugyenyi 2000 -0.776 0.449 9.9% 0.46 [0.19, 1.11] a—
Parise 1998i -0.616 0.2606  29.5% 0.54 [0.32, 0.90] =
Parise 1998ii -0.673 0.2665 28.2% 0.51[0.30, 0.86] ——
Subtotal (95% Cl) 67.5%  0.52[0.37,0.72] <
Heterogeneity: Chi2 = 0.10, df = 2 (P = 0.95); 12 = 0%
Test for overall effect: Z = 3.85 (P = 0.0001)
Total (95% CI) 100.0%  0.56 [0.42, 0.74] <

1

Heterogeneity: Chi2 = 1.82, df = 5 (P = 0.87); 12 = 0%
Test for overall effect: Z =4.12 (P < 0.0001)
Test for subgroup differences: Chi2 = 0.66, df = 1 (P = 0.42), 12 = 0%

Citations to the included studies:

Ndyomugyenyi 2000[59], Parise 1998i[60], Parise 1998ii[60].
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Figure 18. Antimalarial drug prevention versus none (women in 1st or 2nd pregnancy) outcome: severe maternal anemia and low birth weight.

Risk Ratio
1V, Fixed, 95% CI

Risk Ratio
1V, Fixed, 95% CI

Study or Subgroup log[Risk Ratio] SE Weight
1.9.1 Maternal anemia

Ndyomugyeni 2000 -0.4005 0.1782 86.4%
Subtotal (95% CI) 86.4%
Heterogeneity: Not applicable

Test for overall effect: Z = 2.25 (P = 0.02)

1.9.2 LBW

Ndyomugyeni 2000 -0.7765 0.4494 13.6%
Subtotal (95% ClI) 13.6%
Heterogeneity: Not applicable

Test for overall effect: Z = 1.73 (P = 0.08)

Total (95% Cl) 100.0%

Heterogeneity: Chi? = 0.60, df =1 (P = 0.44); 2 =0%
Test for overall effect: Z =2.73 (P = 0.006)

0.67 [0.47, 0.95]
0.67 [0.47, 0.95]
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0.46 [0.19, 1.11]
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0.64 [0.46, 0.88]

Test for subgroup differences: Chi? = 0.60, df = 1 (P = 0.44), I> = 0%

Citation to the included studies:
Ndyomugyenyi 2000[59].

Figure 19. ITNs versus no nets — maternal anemia and LBW.

0.77; 95% CI. 0.61 to 0.98) [164] and mortality (RR 0.67;
95% CI: 0.47 to 0.97) [164]. This intervention also improved
the mean birth weight (increase by 55g (95% CI: 21 to 88)
[164].

Composite analysis: The analyses showed a significant
composite impact of ITNs on maternal anemia and low
birth weight (RR 0.64; 95% CI: 0.46 to 0.88) (Figure 19).
However, the composite effect of ITNs on maternal malarial
illness and fetal loss showed no impact (RR 0.84; 95%
CI: 0.63 to 1.11).

Key findings: Use of ITNs results in a composite reduction of
maternal anemia and LBW in the newborn. More targeted
efforts are needed to increase coverage of ITN, and improve
knowledge and practice regarding its use in pregnancy.

Management of complications during pregnancy
Management of diabetes

Pre-gestational diabetes mellitus is a risk factor for congenital
malformations, hypertension, preeclampsia, macrosomia
and intrauterine fetal death [165]. Gestational diabetes and
impaired glucose tolerance, like pre-gestational diabetes,
are also commonly associated with adverse perinatal out-
comes [166].

Impact estimates:

Screening of diabetes in pregnancy: Recent data eluci-
dates that risk factor screening versus routine screening for
gestational diabetes mellitus (GDM) reduced the risk of an
early delivery (MD —0.15; 95% CI: —0.27 to —0.53) [167]. In
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a study by Hedderson et al. [168], a rate of weight gain from
0.27 to 0.40kg/week and 0.41 or more, was associated with
an increased risk of developing GDM (OR 1.43; 95% CI: 0.96
to 2.14) and (OR 1.74; 95% CI: 1.16 to 2.60), respectively.

Treatment of diabetes in pregnancy: A review by Alwan
et al. [169] showed a reduction in maternal and perinatal
morbidity with specific treatment, such as dietary advice and
insulin for mild GDM compared to routine care. The risk for
developing preeclampsia was also reduced (RR 0.65, 95% CI:
0.48 to 0.88) [169] when any treatment is utilized versus
none. Treatment with oral hypoglycaemic drugs versus insulin
therapy reduces the risk of cesarean section (RR 0.46; 95%
CI: 0.27 to 0.77) [169]. Syed et al. [170] showed that there
was a non-significant reduction in the risk of stillbirths
(RR 0.20; 95% CTI: 0.03 to 1.10) when intensive management
protocols were utilized as opposed to conventional manage-
ment. Optimum control versus sub-optimum control of
diabetes significantly reduced perinatal mortality (RR 0.4;
95% CI: 0.25 to 0.63) [170].

Composite analysis: The analysis showed that a lower
fasting glucose level had a synergistic positive impact on
composite outcomes of GDM and large for gestational
age/macrosomia (Figures 20 and 21).

J Matern Fetal Neonatal Med, 2013; 26(S1): 3-53

When comparing specific dietary advice versus routine
ANC, no significant impact was seen on the risk of cesarian
section and birth weight >90th percentile (RR 0.92, 95% CI:
0.55 to 1.53). A packaged treatment of GDM (dietary advice,
glucose monitoring and insulin), described in the review by
Crowther et al. [171], had a significant positive impact on
composite analyses of antenatal preeclampsia and neonatal
convulsions (RR 0.70; 95% CI. 0.51 to 0.94) and cesarean
section and birth weight >4000g (RR 0.64; 95% CI: 0.44
to 0.94).

Key finding: A packaged treatment consisting of dietary
advice, glucose monitoring and insulin should be used in
the management of gestational diabetes mellitus, especially
during the first trimester. There is currently not enough
evidence to assess the impact of different types/regimens of
intensive treatment (such as oral hypoglycemic drugs and insu-
lin) on individual and short- and long-term infant outcomes.

Recognition and prevention of PIH

PIH results in maternal morbidities (such as proteinuria,
preeclampsia/eclampsia, severe hypertension, HELLP syn-
drome), neonatal morbidities (including preterm birth, low
birth weight, and birth asphyxia) and stillbirth.

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 GDM
Mashiah 2009 —1.4271 0.2208 48.0% 0.24[0.16, 0.37] L
Subtotal (95% CI) 48.0% 0.24 [0.16, 0.37] <o
Heterogeneity: Not applicable
Test for overall effect: Z = 6.46 (P < 0.00001)
1.2.2 Large for Gestational Age/macrosomia
Mashiah 2009 —-0.6931 0.1643  52.0% 0.50 [0.36, 0.69] LJ
Subtotal (95% CI) 52.0% 0.50 [0.36, 0.69] L 2
Heterogeneity: Not applicable
Test for overall effect: Z = 4.22 (P < 0.0001)
Total (95% CI) 100.0% 0.35[0.17, 0.72] .
Heterogeneity: Tau2 = 0.23; Chi2 = 7.11, df = 1 (P = 0.008); I2 = 86% t t t 1
0.01 0.1 1 10 100

Test for overall effect: Z =2.85 (P = 0.004)

Test for subgroup differences: Chi2 = 7.11, df = 1 (P = 0.008), 12 = 85.9%

Citations to the included studies:
Mashiah 2009[69].
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Figure 20. Fasting glucose <95 mg/dl versus fasting plasma glucose >95 mg/dl — GDM and LGA/macrosomia.

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 GDM
Mashiah 2009 -1.5606 0.3158 47.4% 0.21[0.11, 0.39] ——
Subtotal (95% CI) 47.4% 0.21 [0.11, 0.39] S
Heterogeneity: Not applicable
Test for overall effect: Z = 4.94 (P < 0.00001)
1.3.2 LGA/macrosomia
Mashiah 2009 —-0.7133 0.2501 52.6% 0.49 [0.30, 0.80] -
Subtotal (95% CI) 52.6% 0.49 [0.30, 0.80] <@
Heterogeneity: Not applicable
Test for overall effect: Z = 2.85 (P = 0.004)
Total (95% CI) 100.0% 0.33 [0.14, 0.75] -
Heterogeneity: Tau? = 0.28; Chi2 = 4.42, df = 1 (P = 0.04); I12=77% f f f i
0.01 0.1 1 10 100

Test for overall effect: Z = 2.64 (P = 0.008)

Test for subgroup differences: Chi2 = 4.42, df = 1 (P = 0.04), 12 = 77.4%

Citations to the included studies:
Mashiah 2009[69].
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Figure 21. Fasting glucose <100 mg/dl versus fasting glucose >100 mg/dl in first trimester — GDM and LGA/macrosomia.
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Calcium supplementation for hypertensive disorders in preg-
nant women with low/inadequate calcium intake

Studies have shown that women with a high calcium intake in
their diet have a lower prevalence of preeclampsia and
eclampsia [172,173].

Impact estimates: A review by Imdad et al. [174] showed a
significant reduction in preeclampsia (RR 0.41; 95% CI: 0.24
to 0.69) and gestational hypertension (RR 0.55; 95% CI: 0.36
to 0.85) in women of developing countries who were given
calcium supplements during pregnancy. However, it failed
to show any impact on the risk for low birth weight in
developing countries (RR 0.81; 95% CI: 0.58 to 1.12).
Hofmeyr et al. [175], on the other hand, reported a reduction
in rates of preeclampsia in women with low calcium intake
(RR 0.36; 95% CI: 0.20 to 0.65). The same review also
illustrated a decreased risk of having preterm births (RR 0.76;
95% CI: 0.60 to 0.97) for women who were given calcium
supplementation. However, the effects on low birth weight
births (RR 0.85; 95% CI: 0.72 to 1.01) and stillbirths (RR
0.90; 95% CI: 0.74 to 1.09) failed to reach significance.

Composite analysis: The use of calcium supplementation
in women with low/inadequate calcium intake significantly
lowers the composite outcome of the rates of preeclampsia
and preterm birth (RR 0.85; 95% CI 0.77 to 0.93) (Figure 22).
It also reduces the risk of serious maternal and perinatal
mortality (RR 0.83; 95% CI: 0.72 to 0.95).

Key findings: Calcium supplementation in women with low
calcium intake has been shown to reduce the composite risk
of preeclampsia and preterm birth. It also significantly
decreased composite maternal and perinatal mortality.

Antiplatelet agents in high-risk pregnancy

Preeclampsia leads to deficiency of prostacyclin, a vasodilator
and produces excessive amounts of thromboxane, which
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platelet-derived vasoconstriction [176]. Antiplatelet agents,
especially low-dose aspirin, can prevent or delay the devel-
opment of preeclampsia.

Impact estimates: A review by Duley et al. [177] identified
that the use of antiplatelet agents had a significant impact on
maternal outcomes of proteinuric preeclampsia (RR 0.83;
95% CI: 0.77 to 0.89) [177]. It also reported reduction in the
risk of fetal and neonatal deaths (RR 0.86; 95% CI: 0.76 to
0.98) when antiplatelet were used for primary prevention. A
treatment with aspirin before 16 weeks was also linked with a
significant reduction in the incidence of severe preeclampsia
(RR 0.10; 95% CI: 0.01 to 0.74), gestational hypertension
(RR 0.31; 95% CI: 0.13 to 0.78), and intrauterine growth
retardation (IUGR) (RR 0.51; 95% CI: 0.28 to 0.92) [178].

Composite analysis: The use of antiplatelet agents in high-
risk pregnancies had a significant impact on maternal,
neonatal and fetal mortality (RR 0.83; CI: 0.63 to 1.07)
(Figure 23). The use of antiplatelet agents did not have an
impact on the composite risk of eclampsia and preterm birth
(RR 0.94; 95% CI: 0.88 to 1.00). Similar effects were seen on
the effect of eclampsia and neonates requiring admission to
special care baby units (RR 0.95; with 95% CI: 0.89 to 1.01).
In women with gestational hypertension, use of antiplatelet
agents had significant impact on gestational hypertension
and preterm birth (RR 0.50; 95% CI: 0.28 to 0.91) and
gestational hypertension and SGA babies (RR 0.56; 95%
CI: 0.38 to 0.82).

Key findings: Use of antiplatelet agents has many
demonstrated benefits for maternal and newborn health, and
is recommended for the prevention of preeclampsia, particu-
larly in high-risk women.

The use of anti-hypertensive agents for mild to moderate
hypertension during pregnancy

The use of anti-hypertensive agents to lower blood pressure in

acts by stimulating platelet aggregation and causing mild and moderate cases delays progression to severe disease;
Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.4.1 Preeclampsia
WHO 2006 —0.0834 0.1042 23.9% 0.92[0.75, 1.13] -
Ramos 1994 -1.1712 0.5286 0.9% 0.31[0.11, 0.87] e
Purwar 1996 -1.772 0.7382 0.5% 0.17[0.04, 0.72] e —
L Jaramillo 1990 —2.4079 1.1211 0.2% 0.09 [0.01, 0.81] —
Kumar 2009 -1.0788 0.3537 2.1% 0.34[0.17, 0.68] -
Belizan 1991 —-0.4155 0.3236 2.5% 0.66 [0.35, 1.24] T
Subtotal (95% Cl) 30.0% 0.77 [0.65, 0.93] ¢
Heterogeneity: Chi2 = 19.30, df = 5 (P = 0.002); 12 = 74%
Test for overall effect: Z = 2.75 (P = 0.006)
1.4.2 Preterm Birth
WHO 2006 —-0.0943 0.0657  60.0% 0.91[0.80, 1.04] |
Ramos 1994 -0.3147 0.5075 1.0% 0.73[0.27, 1.97] 1
Purwar 1996 -1.1394 0.7754 0.4% 0.32[0.07, 1.46] -
L Jaramillo 1990 -1.772 1.4455 0.1% 0.17[0.01, 2.89]
Kumar 2009 -0.5978 0.2763 3.4% 0.55[0.32, 0.95] —
Belizan 1991 —0.0834 0.2267 5.0% 0.92[0.59, 1.43] "
Subtotal (95% Cl) 70.0% 0.88 [0.78, 0.99] ¢
Heterogeneity: Chi2 = 6.32, df =5 (P = 0.28); I12=21%
Test for overall effect: Z =2.15 (P = 0.03)
Total (95% Cl) 100.0% 0.85[0.77, 0.93] [
Heterogeneity: Chi2 = 26.89, df = 11 (P = 0.005); 12 = 59% t t t {
0.01 0.1 1 10 100

Test for overall effect: Z = 3.30 (P = 0.0010)

Test for subgroup differences: Chi2 = 1.27, df =1 (P = 0.26), 12 = 21.4%

Citations to the included studies:
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WHO 2006([75], S Ramos 1994[76], Purwar 1996[77], L Jaramillo 1990[78], Kumar 2009[79], Belizan 1991[80].

Figure 22. Calcium supplementation in low calcium diet versus placebo — preeclampsia and preterm birth.
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.6.1 Maternal mortality
CLASP 1994 0.69314 1.22365 1.2% 2.00[0.18, 22.01]
EPREDA 1991 1.3584 1.62407 0.7% 3.89[0.16, 93.83]
ERASME 2003 0 Not estimable
Subtotal (95% CI) 1.9% 2.54[0.37,17.28] —_— T
Heterogeneity: Chi2 = 0.11, df = 1 (P = 0.74); 12 = 0%
Test for overall effect: Z = 0.96 (P = 0.34)
1.6.2 Fetal, and neonatal mortality
CLASP 1994 -0.22314 0.14836 81.5% 0.80 [0.60, 1.07] [ |
EPREDA 1991 -0.5978 0.5351 6.3% 0.55[0.19, 1.57] 1
ERASME 2003 0.09531 0.41682 10.3% 1.10[0.49, 2.49] -
Subtotal (95% CI) 98.1%  0.81[0.62, 1.05] L
Heterogeneity: Chi2 = 1.07, df = 2 (P = 0.59); 12 = 0%
Test for overall effect: Z=1.58 (P =0.11)
Total (95% Cl) 100.0%  0.83[0.63, 1.07] OI
Heterogeneity: Chi2 = 2.53, df = 4 (P = 0.64); 12 = 0% t t t 1
Test for overall effect: Z = 1.43 (P = 0.15) 0.01 0.1 1 10 100

Test for subgroup differences: Chi2 = 1.35, df = 1 (P = 0.24), 12 = 26.1%

Citations to the included studies:
CLASP 1994[84], EPREDA 1991[85], ERASME 2003[86].
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Figure 23. Antiplatelet agents versus none in high risk pregnancy — maternal, fetal and neonatal mortality.

the occurrence of can lead to drastic complications for the
pregnant woman and her baby.

Impact estimates: The review by Abalos et al. [179]
showed that the use of anti-hypertensives versus none for
mild to moderate hypertension during pregnancy had
significant impacts on severe hypertension (RR 0.50; 95%
CI: 0.41 to 0.61) but no impact on perinatal mortality (RR
0.96; 95% CI: 0.60 to 1.54) and eclampsia (RR 0.34; 95%
CI: 0.01 to 8.15).

Composite analysis: The use of anti-hypertensive agents in
mild to moderate hypertension in pregnancy had a significant
impact on the synergistic outcome for maternal severe
hypertension and preterm birth (RR 0.84; 95% CI: 0.74 to
0.96) (Figure 24).

Treatment of mild to moderate hypertension in pregnancy
with anti-hypertensive agents also showed a significant
reduction in maternal severe hypertension and respiratory
distress syndrome (RR 0.66; 95% CI: 0.48 to 0.90), and in the
incidence of maternal severe hypertension and SGA babies
(RR 0.81; 95% CI: 0.71 to 0.92). The analysis also showed
that it had a significant impact on the synergistic outcome
for maternal severe hypertension and perinatal mortality
(RR 0.61; 95% CI: 0.48 to 0.76) (Figure 25).

Key findings: The use of antihypertensive drugs for mild
to moderate hypertensive disorders in pregnancy is recom-
mended for preventing the development of severe hyperten-
sion, which may result in hypertension-related disorders such
as preeclampsia and eclampsia.

Magnesium sulfate for treatment of pregnancy-induced
hypertension (PIH)/eclampsia

Anticonvulsants, such as magnesium sulfate, are used to treat
eclamptic seizures, and have been administered to women
with preeclampsia based on the premise that they would
prevent the onset of seizures.

Impact analysis: A review by Duley et al. [180] reported a
reduction in maternal mortality by 50% (RR 0.50; 95% CI: 0.24
to 1.05) when magnesium sulfate versus phenytoin is used for

eclampsia. The review also indicated that this drug is signifi-
cantly better in preventing recurrence of seizures when
compared to phenytoin (RR 0.34; 95% CI: 0.24 to 0.49) and
diazepam (RR 0.44; 95% CI: 0.34 to 0.57). When comparing
magnesium sulfate versus none/placebo for preeclampsia,
Duley et al. [180] reported a significant reduction in eclampsia
(risk difference (RD) —0.01; 95% CI: —0.02 to —0.01).

Composite outcomes: While magnesium sulfate is clearly
effective for treating eclampsia and pre-eclampsia in women,
the analysis reveals that treatment of PIH/eclampsia with
magnesium sulfate failed to show significant reduction on the
composite outcome of eclampsia in the woman, on stillbirth
(RR 0.83; 95% CI: 0.54 to 1.29) (Figure 26), and neonatal
morbidity: Apgar score <7 at Smin (RR 0.69; 95% CI: 0.29
to 1.63).

Key findings: Magnesium sulfate has emerged as the drug
of choice for eclampsia, as compared to other drugs, such as
phenytoin and diazepam.

Lifestyle modification: smoking cessation during pregnancy

Smoking increases the risk of premature mortality among
women (smoking is responsible for 1 in 20 deaths in women),
and preterm birth and low birth weight among newborn
babies. Counseling, cognitive behavioral therapy, social
support and encouragement and the use of pharmacological
agents (such as nicotine replacement therapy) have been
shown to be effective in helping women stop smoking.

Impact analysis: The existing data shows that smoking
cessation programs in pregnancy can reduce preterm birth
(RR 0.86; 95% CI: 0.74 to 0.98) [181] and low birth weight
(RR 0.83; 95% CI: 0.73 to 0.95) [181]. It is also shown to
increase the mean birth weight (MD 39.26; 95% CI: 15.77 to
62.74) [181] of newborns. A study by McCowan et al. [182]
showed higher rates of spontaneous preterm birth (AOR 3.21;
95% CI: 1.42 to 7.23) and SGA babies (AOR 1.76; 95%
CI: 1.03 to 3.02) in smokers when compared to those women
who had stopped smoking in pregnancy.
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Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.7.1 Severe hypertension
Brazil 2000a —0.4005 0.4009 2.6% 0.67 [0.31, 1.47] .
Caribbean Is 1990 -0.821 0.5161 1.6% 0.44[0.16, 1.21] I
Italy 1997 -0.9163 0.6091 1.1% 0.40[0.12,1.32] —
Italy 1998 -0.1054 0.1954 11.2% 0.90[0.61, 1.32] T
S.Africa 1991 —2.6593 1.4008 0.2% 0.07 [0.00, 1.09] +
Sudan 2002 -1.714 0.5695 1.3% 0.18[0.06, 0.55]
Sweden 1984 1.0986 1.6101 0.2% 3.00[0.13, 70.41]
Sweden 1985 —2.6593 1.4527 0.2% 0.07 [0.00, 1.21] +
UK 1976 —-0.844 0.3686 3.1% 0.43[0.21, 0.89] .
UK 1989 —1.0498 0.4931 1.8% 0.35[0.13, 0.92]
USA 1990 —0.6539 0.4226 2.4% 0.52[0.23, 1.19] s
Subtotal (95% CI) 25.7% 0.58 [0.45, 0.75] <
Heterogeneity: Chi2 = 17.27, df = 10 (P = 0.07); 12 = 42%
Test for overall effect: Z = 4.18 (P < 0.0001)
1.7.2 Preterm birth
Brazil 2000a 0.1044 0.3155  4.3% 1.11 [0.60, 2.06] —_
Caribbean Is 1990 -0.2614 0.3667 3.2% 0.77[0.38, 1.58] -1
Italy 1997 0.0862 0.2176 9.0% 1.09 [0.71, 1.67] T
Italy 1998 —-0.1054 0.107 37.2% 0.90[0.73, 1.11]
S.Africa 1991 —-0.4005 0.4629 2.0% 0.67 [0.27, 1.66] - 1
Sudan 2002 0.4637 0.5966 1.2% 1.59[0.49, 5.12] -
Sweden 1984 —-0.1064 0.3676 3.2% 0.90 [0.44, 1.85] T
Sweden 1985 0.0953 0.2625 6.2% 1.10[0.66, 1.84] -
UK 1976 0.4886 0.5531 1.4% 1.63[0.55, 4.82] [ —
UK 1989 -0.2877 0.3364 3.8% 0.75[0.39, 1.45] /71
USA 1990 0.1906 0.3783 3.0% 1.21[0.58, 2.54] T
Subtotal (95% CI) 74.3% 0.96 [0.82, 1.11] L
Heterogeneity: Chi2 = 4.72, df = 10 (P = 0.91); 12 = 0%
Test for overall effect: Z = 0.60 (P = 0.55)
Total (95% Cl) 100.0% 0.84 [0.74, 0.96] ¢
Heterogeneity: Chi2 = 32.88, df = 21 (P = 0.05); I2 = 36% t t t 1
Test for overall effect: Z = 2.63 (P = 0.008) 0.01 0.1 1 10 100

Test for subgroup differences: Chi2 = 10.89, df = 1 (P = 0.0010), 12 = 90.8%

Citations to the included studies:
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Brazil 2000a[88], Caribbean Is 1990[89], Italy 1997[90], Italy 1998[91], S. Africa 1991[92], Sudan 2002[93],

Sweden 1985[94], UK 1976[95], UK 1989[96], USA 1990[97].

Figure 24. Anti-hypertensive use in mild to moderate hypertension versus placebo — severe hypertension and preterm birth.

Composite analysis: No composite analysis was done for
this intervention due to the lack of studies providing impact
estimates on both maternal and neonatal morbidity and
mortality outcomes.

Key findings: Smoking cessation programs have a signifi-
cant positive impact on preterm birth, low birth weight
and mean birth weight of newborn. These programs also
significantly reduce the proportion of women who continue to
smoke in late pregnancy.

Maternal drug use in pregnancy

Substance abuse during pregnancy has both immediate and
long-term impact on a mother and her newborn. The most
obvious effect of drug exposure to nicotine, opiates, alcohol
or cocaine [183] during pregnancy is generalized growth
retardation and a small head circumference.

Impact analysis: A review by Doggett et al. [184] studied
the impact of home visits during pregnancy versus none for
women with alcohol/substance abuse problems. Another
study by Quinlivan et al. [185], demonstrated a significant
effect of home visits on failure to use postpartum contracep-
tives (RR 0.41; 95% CI: 0.20 to 0.82) and involvement with
child protective services (RR 0.38; 95% CI: 0.20 to 0.74).
According to a review by Sweeney et al. [186], pregnant
substance abusers who received prenatal care and intervention
for drug treatment have significantly heavier infants and

their gestational age was also 2 weeks longer (p-value for
both <0.001). In a study by Armstrong et al. [187], babies of
mothers who had received treatment for substance abuse had
lower rates of assisted ventilation after birth compared to
women who had been screened but received no treatment
(»=0.01).

Composite analysis: No composite analysis was done for
this intervention due to the lack of studies providing impact
estimates on both maternal and neonatal morbidity and
mortality outcomes.

Key findings: While current evidence does not support any
one treatment modality, there are many potential advantages of
treatment. Thus, it is imperative to treat pregnant women who
abuse illicit drugs and alcohol. There is a dearth of studies
focusing on interventions which reduce drug abuse during
pregnancy; more research is needed to study the impact of
interventions on maternal and newborn health outcomes.

Prevention of intimate partner violence (IPV)

IPV has been associated with poor health outcomes, e.g.
increased risk of preterm labor, LBW infants and STIs.

Impact analysis: TPV in women is associated with
increased risk of high blood pressure or edema (AOR 1.37
to 1.40), vaginal bleeding (AOR 1.54 to 1.66) and antenatal
hospitalization not associated with delivery (AOR 2.39; 95%
CI: 1.77 to 3.24) [188]. Other studies have shown that IPV
leads to increased risk of perinatal death (ARR 2.1; 95%
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.8.1 Severe hypertension
Brazil 2000a —-0.4005 0.4009 8.3% 0.67 [0.31, 1.47] T
Caribbean Is 1990 -0.821 0.5161 5.0% 0.44[0.16, 1.21] T
Israel 1992 -0.9163 0.408 8.1% 0.40[0.18, 0.89] —_—
Italy 1998 -0.1054 0.1954 35.1% 0.90[0.61, 1.32] .
Sudan 2002 -1.714 0.5695 4.1% 0.18 [0.06, 0.55]
Sweden 1984 1.0986 1.6101 0.5% 3.00[0.13, 70.41]
Sweden 1985 —2.6593 1.4827 0.6% 0.07 [0.00, 1.28] +
UK 1976 -0.844 0.3686 9.9% 0.43[0.21, 0.89] —_—
UK 1983 —1.2378 0.7732 2.2% 0.29 [0.06, 1.32] -
Us 1979 —-0.4005 0.8719 1.8% 0.67[0.12, 3.70] T
USA 1990 —-0.6593 0.4226 7.5% 0.52[0.23, 1.18] -
Subtotal (95% CI) 83.2%  0.59[0.46, 0.76] &
Heterogeneity: Chi2 = 15.12, df = 10 (P = 0.13); 12 = 34%
Test for overall effect: Z = 4.11 (P < 0.0001)
1.8.2 Total reported fetal or neonatal death including miscarriage
Brazil 2000a —-1.0498 1.6233 0.5% 0.35[0.01, 8.43]
Caribbean Is 1990 —-0.4308 0.8982 1.7% 0.65[0.11, 3.78] —
Israel 1992 1.0986 1.6131 0.5% 3.00[0.13, 70.83]
Italy 1998 -0.1744 0.542 4.6% 0.84[0.29, 2.43] Y
Sudan 2002 —-0.3425 0.5975 3.8% 0.71[0.22, 2.29] I —
Sweden 1984 -1.1087 1.615 0.5% 0.33[0.01, 7.82]
Sweden 1985 1.0508 1.144 1.0% 2.86[0.30, 26.92] —
UK 1976 -2.1203 1.0392 1.2% 0.12[0.02, 0.92]
UK 1983 —-0.6931 1.2112 0.9% 0.50 [0.05, 5.37]
Us 1979 -1.1087 1.6176 0.5% 0.33[0.01, 7.86]
USA 1990 -0.2744 0.9051 1.6% 0.76 [0.13, 4.48] —
Subtotal (95% CI) 16.8%  0.68[0.39, 1.18] -
Heterogeneity: Chi2 = 6.02, df = 10 (P = 0.81); 12= 0%
Test for overall effect: Z = 1.38 (P = 0.17)
Total (95% CI) 100.0%  0.61[0.48, 0.76] &
Heterogeneity: Chi2 = 21.33, df = 21 (P = 0.44); 12 = 2% t t t 1
Test for overall effect: Z = 4.32 (P < 0.0001) 0.01 0.1 1 10 100

Test for subgroup differences: Chi2 = 0.19, df = 1 (P = 0.66), 12 = 0%

Citations to the included studies:

Favours experimental Favours control

Brazil 2000a[88], Caribbean Is 1990[89], Israel 1992[99], Italy 1998[91], Sudan 2002[93], UK 1976[95],

UK1983[100], USA1979[101], USA 1990[97].

Figure 25. Anti-hypertensive use in mild to moderate hypertension versus placebo — severe hypertension and perinatal mortality.

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.9.1 Eclampsia
Magpie Trial 2002 -0.8675 0.3026  20.5% 0.42[0.23, 0.76] =
South Africa 1994 1.1248 1.632 1.8% 3.08 [0.13, 75.45]
South Africa 1998 —2.4079 1.0392 4.1% 0.09[0.01, 0.69]
Subtotal (95% ClI) 26.4% 0.37 [0.10, 1.41] el
Heterogeneity: Tau? = 0.69; Chi2 = 3.65, df =2 (P = 0.16); I12= 45%
Test for overall effect: Z = 1.46 (P = 0.15)
1.9.2 Stillbirth
Magpie Trial 2002 —-0.0408 0.0694  31.6% 0.96 [0.84, 1.10]
South Africa 1994 0.0519 0.3517  18.1% 1.05[0.53, 2.10]
South Africa 1998 0.3221 0.2379  23.9% 1.38[0.87, 2.20]
Subtotal (95% CI) 73.6% 1.01[0.85, 1.19]
Heterogeneity: Tau? = 0.00; Chi2 = 2.18, df =2 (P = 0.34); 12 = 8%
Test for overall effect: Z = 0.08 (P = 0.93)
Total (95% CI) 100.0% 0.83 [0.54, 1.29]
Heterogeneity: Tau? = 0.15; Chi2 = 15.51, df = 5 (P = 0.008); |12 = 68% t t t t 1
Test for overall effect: Z = 0.81 (P = 0.42) 0.01 0.1 1 10 100

Test for subgroup differences: Chi2 =2.12, df = 1 (P = 0.15), 12 = 52.8%

Citations to the included studies:

Favours experimental Favours control

Magpie Trial 2002[102], South Africa 1994[103], South Africa 1998[104].

Figure 26. Magnesium sulfate versus none/placebo — eclampsia and stillbirth.

CI: 1.3 to 3.4) [189], preterm low birth weight births (ARR
2.4; 95% CI: 1.5 to 4.0) [189], term low birth weight births
(Coker 2004: ARR 1.9; 95% CI: 1.0 to 3; Lipsky 2004: OR
1.67;95% CI: 1.12 to 2.49) [189,190] and preterm births (OR
1.37; 95% CI: 1.16 to 1.61) [188].

Community education on topics related to maternal and
neonatal health and the empowerment of women can help
decrease IPV in women. A review by Ramsay et al. [191]
showed that intensive advocacy (12h or more duration)
results in a decrease in physical abuse in women leaving
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domestic violence shelters or refuges at 12 to 24 months
follow-up (OR 0.43; 95% CI: 0.23 to 0.80) and improved
quality of life at up to 12 months follow-up (weighted mean
difference (WMD) 0.23; 95% CI: 0.00 to 0.46). A study by
Kiely et al. [192] reported a decrease in the number of
recurrent episodes of IPV (OR 0.48; 95% CI: 0.29 to 0.80)
[192], fewer very preterm neonates (p 0.03) and an increase in
mean gestational age (p 0.016) in women receiving interven-
tion against IPV.

Composite analysis: A composite analysis could not be
conducted because of lack of studies reporting maternal and
neonatal outcomes simultaneously.

Key findings: Evidence has shown that IPV is associated
with adverse pregnancy outcomes. Community education
on maternal and neonatal health may decrease the incidence
of IPV.

Vaccination in pregnancy
Influenza vaccination

Maternal influenza infection has been associated with an
increased risk of maternal hospitalization, fetal malformation,
and other illnesses. Immunization of pregnant women with
inactivated trivalent influenza vaccine has been recommended
in the United States for more than a decade and by the WHO
since 2005.

Impact analysis: Zaman et al. [193] showed that the rate of
respiratory illness with fever was reduced by 36% (95% CI:
4 to 57%) in the group of pregnant women who received
vaccination. Among infants of mothers who received influ-
enza vaccine, there were fewer cases of laboratory-confirmed
influenza than among infants in the control group with
vaccine effectiveness 63% (95% CI: 5 to 85%) [193].

Composite analysis: The analysis showed a significant
(RR 0.69; 95% CIL: 0.62 to 0.77) composite impact of
vaccinating pregnant women on maternal and infant mor-
bidity outcomes (i.e. maternal and infant febrile respiratory
illness) (Figure 27). The analysis showed that vaccination
helped to reduce the risk of composite outcomes for
maternal illness and infant clinic visits (RR 0.46; 95% CI:
0.47 to 0.76).

Interconnection between maternal and newborn health 31

Key findings: Administering influenza vaccination to
mothers during pregnancy has the potential to reduce febrile
respiratory illness in both mother and infant. A strong case
can be made for the use of HINT1 strain of influenza vaccine
for pregnant women.

Pneumococcal vaccination

Pneumococcal vaccination during pregnancy is one means of
preventing pneumococcal disease during the first months
of life before the pneumococcal vaccine administered to the
infant starts to produce protection [194].

Impact analysis: Most studies on pneumococcal vaccin-
ation show significant positive effect on the immune response
in mothers and neonates. This included a rise in the antibody
levels of maternal blood (3.3-to-9.1-fold increase) [195],
breast milk (1.1 to 1.8 times higher) [196] and cord blood (2
to 3 fold higher) [197]. A review by Chaithongwongwatthana
et al. [194] also showed reduction in pneumococcal colon-
ization in infants by 16 months of age and 22 months of age
(RR 0.33;95% CI: 0.11 to 0.98 and RR 0.28; 95% CI: 0.02 to
5.11, respectively).

Composite analysis: No composite analysis was done for
this intervention because randomized controlled trials in this
area are largely pilot studies and there is insufficient
information regarding impact estimates.

Key findings: Pneumococcal vaccination during pregnancy
has been shown to improve the immune response in mothers
and neonates and can have potential health benefits for both.
However, there is a paucity of trials focusing on both maternal
and infant morbidity and mortality outcomes; further research
is needed.

Interventions during the intrapartum period

The highest incidence of maternal and perinatal mortality
occurs around the time of birth, with the majority of deaths
occurring within the first 24 h after delivery. There exist
effective interventions to avoid most of the deaths and
disabilities attributable to childbirth. This section describes
the interventions during the intrapartum period found to have
synergistic effects on maternal and newborn health outcomes.

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
1.17.1 Maternal febrile respiratory iliness
Zaman 2008 —-0.462 0.1468 15.0% 0.63[0.47, 0.84] -
Subtotal (95% Cl) 15.0%  0.63 [0.47, 0.84] L 2
Heterogeneity: Not applicable
Test for overall effect: Z = 3.15 (P = 0.002)
1.17.2 Infant febrile respiratory iliness
Zaman 2008 -0.3567  0.06171 85.0% 0.70[0.62, 0.79] [ |
Subtotal (95% CI) 85.0%  0.70[0.62, 0.79] ¢
Heterogeneity: Not applicable
Test for overall effect: Z =5.78 (P < 0.00001)
Total (95% Cl) 100.0%  0.69 [0.62, 0.77] [}
Heterogeneity: Chi2 = 0.44, df =1 (P = 0.51); 12= 0% t t t 1

Test for overall effect: Z = 6.55 (P < 0.00001)

Test for subgroup differences: Chi2 = 0.44, df =1 (P = 0.51), 12 = 0%

Citations to the included studies:
Zaman 2008[117]

0.01 0.1 1 10 100
Favours experimental Favours control

Figure 27. Influenza vaccination versus none — maternal febrile respiratory illness and infant febrile respiratory illness.
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The review further highlights the impact of these interven-
tions on composite maternal and neonatal morbidity and
mortality.

Interventions evaluated and their assigned GRADE

Table 5 identifies the interventions evaluated in this paper,
their reported impact on composite maternal and fetal/
neonatal outcomes, and their assigned interconnection
GRADES (A, B, C or D).

Treatment of preterm prelabor rupture of membranes
(pPROM)

In 2010, more than 1 in 10 of the world’s births were
premature, resulting in an estimated 15 million preterm births
globally [198,199]. Most of these preterm births are linked to
pPROM [200]; infection plays an important role in pPROM,
either as a cause or a consequence [201]. Antibiotics can
prevent in-utero infections from occurring and thus prevent
preterm births [202].

Impact analysis: The Cochrane review by Kenyon et al.
[203] reported reduced risk of chorioamnionitis and neonatal
infection including pneumonia when any antibiotic was
compared with a placebo to treat pPROM (RR 0.66; 95%
CL: 046 to 0.6 and RR 0.67; 95% CI: 0.52 to 0.895).
Antibiotics for pPPROM also resulted in significant decrease in
neonatal mortality (RR 0.90; 95% CI: 0.72 to 1.12) [204] and
neonatal morbidities like respiratory disease (RR 0.88; 95%
CI: 0.80 to 0.97) [204] and postnatal infections (RR 0.61; 95%
CI: 0.48 to 0.77) [204]. Long-term follow-up at seven years of
age showed little effect on the functional impairment
(functional impairment derived from the mark III Multi-
Attribute Health Status classification system) in children
[205].

Composite analysis: Treatment of pPROM with any
antibiotic yielded a significant decrease in the composite
outcome of maternal chorioamnionitis and neonatal infection
(RR 0.71; 95% CI: 0.60 to 0.83) (Figure 28).

Key findings: While antibiotics can be recommended for
treating pPROM, additional research is needed to establish
which antibiotic has the best impact on maternal and neonatal
health outcomes.

Role of trained traditional birth attendants

Every year, nearly 53 million women give birth without the
help of a skilled birth attendant. Many of these women deliver
at home with a traditional birth attendant (TBA). Training
these birth attendants in clean delivery techniques and referral
can reduce maternal and neonatal morbidity and mortality.
Impact analysis: A review by Sibley et al. demonstrated
that provision of trained TBAs had a significant impact on
stillbirths (OR 0.69; 95% CI: 0.57 to 0.83), neonatal deaths
(OR 0.71; 95% CI: 0.61 to 0.82) and perinatal deaths (OR
0.70; 95% CI: 0.59 to 0.83) [206]. Similar results for neonatal
mortality were also reported by other studies and reviews (RR
1.08; 95% CI: 0.33 to 3.53 [207] and RR 0.88; 95% CI: 0.78
to 0.99 [79,208]. The impact of this intervention on maternal
mortality failed to reach statistical significance (OR 0.74;
95% CI: 0.45 to 1.22) [206]. However, assistance by trained

J Matern Fetal Neonatal Med, 2013; 26(S1): 3-53

TBAs at births significantly reduced the odds of postpartum
hemorrhage (OR 0.61; 95% CI: 0.47 to 0.79) [206].

Composite analysis: Training TBAs had a significant
impact on composite maternal and neonatal mortality (RR
0.85; 95% CI: 0.77 to 0.95) (Figure 29). Similar analysis also
showed significant impact on combined maternal and peri-
natal deaths (RR 0.70; 95% CI: 0.60 to 0.83) (Figure 30).

Key findings: These results indicate that TBA training
programs can help to reduce maternal and neonatal mortality,
and highlight the critical role of trained TBAs within the
health system.

Skilled birth attendance

Maternal deaths due to obstetric complications (e.g. sepsis,
postpartum hemorrhage, obstructed labor) can be prevented
or managed if women have access to skilled birth attendance.

Impact analysis: McClure et al. [209] undertook a
sensitivity analysis and showed that when <42% of the
population had access to SBA, there was no significant
decrease in maternal deaths, but when access exceeded
42% there was a decrease of 0.15 maternal deaths per 1000
births (p<0.0001) for each 1% increase in the presence
of SBA. Provision of SBA also showed a significant impact
on the incidence of stillbirths (OR 0.77; 95% CI: 0.69 to
0.85) [210] and perinatal deaths (OR 0.88; 95% CI: 0.82
to 0.95) [210]. A review by Darmstadt et al. [211]
indicates a significant impact in providing community-based
skilled care attendance on perinatal (RR 0.88; 95% CI:
0.83 to 0.95) and neonatal mortality (RR 0.87; 95% CI: 0.7
to 0.97).

Composite analysis: A composite analysis could not be
conducted as there was lack of data reporting impact
estimates for maternal and neonatal outcomes in studies
focusing on SBA.

Key findings: Reviews show that access to SBA not only
decreases maternal mortality but also decreases stillbirths and
reduces perinatal mortality. Efforts need to be made to
develop studies that measure the composite impact of this
intervention on maternal and neonatal outcomes.

Essential obstetric care

For the purposes of this review, the components included
in essential obstetric care are: provision of clean delivery kits
(CDKs), use of partogram in labor, and active management
of the third stage of labor. Each of these interventions is
described in detail below.

Provision of clean delivery kits

Each year about 60 million women in developing countries
give birth with the assistance of an untrained attendant or
family member, or with no help at all [212]. Most of these
deliveries take place at home, where the risk of infection is
high. Many of these deaths can potentially be averted by
providing clean delivery kits (CDKs) at the community
level.

Impact estimates: The review by Hundley et al. [213]
identified intervention packages which include CDKs to
reduce risk for maternal puerperal sepsis (OR 0.17; 95%
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Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.1.1 chorioamnionitis
Ernest 1994 -1.2379 0.6467 1.6% 0.29[0.08, 1.03]
Garcia 1995 1.0986 1.1253  0.5% 3.00[0.33, 27.23]
Johnston 1990 -1.5606 0.5919 1.9% 0.21[0.07, 0.67] -
Kurki 1992 -1.8971 1.0348 0.6% 0.15[0.02, 1.14]
Lockwood 1993 0.0583 0.3794 4.6% 1.06[0.50, 2.23] - r
Mcgregor 1991 0.1222 0.4844 2.8% 1.13[0.44,2.92] I
Mercer 1992 -0.1393 0.288 8.0% 0.87[0.49, 1.53] /T
Mercer 1997 -0.3425 0.1377 35.2% 0.71[0.54, 0.93] LA
Ovalis Sales 1997 -1.6607 0.7522 1.2% 0.19[0.04, 0.83]
Svare 1997 0.392 0.5536 2.2% 1.48[0.50, 4.38] -1
Subtotal (95% CI) 58.7% 0.72[0.59, 0.89] ‘
Heterogeneity: Chi2 = 17.39, df =9 (P = 0.04); I> = 48%
Test for overall effect: Z = 3.07 (P = 0.002)
1.1.2 neonatal infection including pneumonia
Ernest 1994 1772 15533 0.3% 0.17[0.01,3.57] *
Garcia 1995 -0.2231 0.6187 1.7% 0.80[0.24, 2.69] - 1
Johnston 1990 -1.1712 0.6077 1.8% 0.31[0.09, 1.02] - ]
Kurki 1992 -1.1394 1.6517 0.2% 0.32[0.01, 8.15]
Lockwood 1993 -0.755 0.8361 1.0% 0.47[0.09, 2.42] - 1
Mcgregor 1991 0.1222 1.3838  0.3% 1.13[0.08, 17.02]
Mercer 1992 -0.2614 0.3264 6.3% 0.77[0.41, 1.46] -
Mercer 1997 -0.3285 0.1727 22.4% 0.72[0.51,1.01] ]
Ovalis Sales 1997 0.0198 0.491 2.8% 1.02[0.39, 2.67] -
Svare 1997 -0.6162 0.3812 4.6% 0.54[0.26, 1.14] - T
Subtotal (95% Cl) 41.3% 0.68 [0.53, 0.88] ’
Heterogeneity: Chi2 = 4.37, df =9 (P = 0.89); 12 = 0%
Test for overall effect: Z=2.99 (P = 0.003)
Total (95% ClI) 100.0% 0.71 [0.60, 0.83] ‘
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Heterogeneity: Chi2 = 21.87, df = 19 (P = 0.29); I2=13%
Test for overall effect: Z = 4.27 (P < 0.0001)

Test for subgroup differences: Chi2 = 0.10, df =1 (P = 0.75), 2= 0%
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Figure 28. Any antibiotic versus none — chorioamnionitis and neonatal infection including pneumonia.

CI: 0.13 to 0.23) [214], neonatal infectious morbidity such as
sepsis (RR 0.12; 95% CI: 0.02 to 0.93) [215], and omphalitis
(OR 0.42;95% CI: 0.18 to 0.97 [215]; (OR 0.08; 95% CI: 0.03
to 0.19) [216,217]. Available studies show that the provision
of CDKs has a statistically significant impact on perinatal/
neonatal mortality ((OR 0.7; 95% CI: 0.59 to 0.82) [79]; (RR
0.17; 95% CI. 0.13 to 0.23) [214,218,219]; (OR 0.78; 95%
CI: 0.50 to 1.21) [29]). Another review by Hundley et al.
[220] discussed that the levels of birth kit use vary consid-
erably (8-99%) in more than 50 low resource countries; with
higher levels being reported where birth kits are distributed
free as part of a research program. A recent review of three
community-based RCTs carried out between 2000 and 2008
in India, Bangladesh, and Nepal found that each additional

clean delivery practice (using a plastic sheet during delivery,
a boiled blade to cut the cord, a boiled thread to tie the cord,
and antiseptic to clean the umbilicus) was associated with a
16% relative reduction in neonatal mortality (OR 0.84, 95%
CI: 0.77 to 0.92) [221].

Composite analysis: The analysis shows a statistically
significant positive effect (RR 0.21; 95% CI: 0.09 to 0.47)
of this intervention on combined maternal and neonatal
morbidity (Figure 31).

Key findings: Use of CDKs leads to significant
reduction in combined maternal and neonatal morbidity.
A pooled analysis from three countries indicates a
significant impact of clean delivery practices on neonatal
mortality.
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 maternal mortality
Bhutta 2010 0.986 1.154 0.2% 2.68[0.28, 25.73] ]
Greenwood 1990 0.077 0.47 1.3% 1.08[0.43,2.71] -
Jhokio 2005 -0.301 0.254 4.5% 0.74[0.45, 1.22] -
Subtotal (95% CI) 6.1% 0.84[0.55, 1.29] ‘

Heterogeneity: Chi2 = 1.55, df = 2 (P = 0.46); 2= 0%
Test for overall effect: Z=0.78 (P = 0.43)

1.2.2 neonatal mortality
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Figure 29. Trained TBAs versus control — maternal and neonatal mortality.

Risk Ratio Risk Ratio
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Figure 30. Trained TBAs versus control — maternal and perinatal mortality.

Partograph use

A partograph provides a continuous pictorial overview of
labor, including maternal condition, fetal condition, and labor

progress. Although a useful tool, its role in improving
maternal health outcomes has been debated.

Impact analysis: Lavender et al. [222] showed no impact
of partograph use on maternal outcomes (cesarean section:
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight [V, Random, 95% CI IV, Random, 95% CI
1.11.1 Maternal morbidity
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Heterogeneity: Tau? = 0.00; Chi2=0.76, df =1 (P = 0.38); 12 = 0%

Test for overall effect: Z = 4.47 (P < 0.00001)

1.11.2 Neonatal morbidity
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Figure 31. Clean delivery kits versus none — neonatal and maternal morbidity.

RR 0.64; 95% CI: 0.24 to 1.70) or on neonatal health
benefits (Apgar score less than seven at Smin: RR 0.77;
95% CIL: 0.29 to 2.06; admission to special care nursery:
RR 094; 95% CI: 0.51 to 1.75). The only possible
advantage of use of a partograph was reduction in the
length of labor (p<0.001 in primigravida and p<0.01 in
multigravida) [223].

Composite analysis: An analysis of the composite impact
of partograph use on cesarean section rates and low Apgar
scores demonstrated an insignificant impact (RR 0.67; 95%
CI: 0.33 to 1.35).

Key findings: Based on the studies reviewed, the use of the
partograph during labor does not have positive health benefits
for mother or newborn; future trials are needed to support its
continued use.

Active management of third stage of labor

More than half of maternal deaths during childbirth occur
within 24 h of childbirth; the most common cause of death is
excessive blood loss, or postpartum hemorrhage (PPH) [224].
Active management of the third stage of labor can prevent
PPH due to uterine atony; the components of active manage-
ment typically includes administration of a uterotonic agent
(oxytocin is the drug of choice) within 1 min after birth of the
baby and after ruling out the presence of another baby.
Impact analysis: Active management is superior to
expectant management; active management significantly
reduced the risk for PPH (RR 0.38; 95% CI: 0.32 to 0.46)
[225], severe PPH (RR 0.38; 95% CI: 0.1 to 0.97) [225], need
for blood transfusion (RR 0.34; 95% CI: 0.22 to 0.53) [225]
and postpartum anemia (RR 0.40; 95% CI: 0.29 to 0.55)

[225]. A multicenter, non-inferiority, randomized controlled
trial [226] on women expecting to vaginally deliver singleton
babies found no impact of placental delivery with gravity and
maternal effort (simplified package) or controlled cord
traction applied immediately after uterine contraction and
cord clamping (full package) on blood loss (RR 1-09; 95% CI:
091 to 1-31).

Composite analysis: A composite analysis could not be
conducted because active management of the third stage of
labor largely impacts the mother. There is no evidence
regarding its impact on neonatal outcomes.

Key findings: Because of the potential maternal health
benefits, active management of the third stage of labor is
highly recommended.

Comprehensive emergency obstetric care

Emergency obstetric care (EmOC) is a package of medical
interventions required to treat the major obstetric complica-
tions. In this analysis, comprehensive EmOC was identified
as: lower-segment cesarean section (LSCS), post-term induc-
tion of labor, instrumental delivery and emergency transport
systems.

Lower-segment cesarean section (LSCS)

Lack of access to, and availability of, high-quality EmOC,
especially cesarean section, has been considered as a risk
factor for intrapartum stillbirths, particularly those associated
with prolonged/obstructed labor [227].

Impact analysis: The recent review from the Lancet
Stillbirth series [228] reported that with each 1% increase in
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cesarean section births, intrapartum stillbirths decreased by
1-61 per 1000 births. However, in a study by Lumbiganon
et al. [229], the risk of maternal mortality and morbidity index
was increased for operative vaginal delivery (i.e. use of
forceps or vacuum) (adjOR 2.1; 95% CI: 1.7 to 2.6), and all
types of cesarean section (antepartum without indication: OR
2.7, 95% CI: 1.4 to 5.5; antepartum with indication: OR 10.6;
95% CI: 9.3 to 12.0; intrapartum without indication: OR 14.2;
95% CI: 9.8 to 20.7; intrapartum with indication: OR 4.5; 95%
CI: 13.2 to 16.0). In the same study, for breech presentation,
cesarean section, either antepartum (OR 0.2; 95% CI: 0.1 to
0.3) or intrapartum (OR 0.3; 95% CI: 0.2 to 0.4), was
associated with improved perinatal outcomes, but also with
an increased risk of stay at the neonatal intensive care
unit (NICU) (OR 2.0; 95% CI: 1.1 to 3.6 and OR 2.1; 95%
CI: 1.2 to 3.7, respectively).

Composite analysis: No composite analysis was done for
this intervention.

Key findings: Cesarean sections reduce the risk of
intrapartum stillbirths and improve perinatal mortality.
Given that randomized controlled trials of LSCS are unlikely,
further research may be needed to identify the composite
impact of this intervention on maternal and neonatal
outcomes from time-series analysis. In some parts of the
developing world (in Latin America and in Asia), there are
very high rates of cesarean section which represent an
unnecessary increased risk for women and their babies.

Post-term induction of Labor

Evidence from the literature indicates that mother and infant
are at increased risk of adverse events when the pregnancy
continues beyond term (defined as 41 completed weeks for
the purpose of this analysis). A policy of labor induction
at 41 weeks is compared with expectant management (until
an indication for birth arises).

Impact analysis: In one review, women at 37 to 40
completed weeks were more likely to have a cesarean section
with expectant management than those in the labor induction
group (RR 0.58; 95% CI: 0.34 to 0.99) [230]. Another review
by Hussain et al. [231] showed that post-term induction
of labor was associated with fewer perinatal deaths for the
post-term group (RR 0.31; 95% CI: 0.11 to 0.88).

Composite analysis: A meta-analysis was done for the
comparison of a policy of labor induction at 41 completed
weeks versus expectant management. The combination of
maternal morbidity of cesarean section with neonatal mor-
bidity of Apgar score <7 at Smin revealed significant
reduction with labor induction compared with expectant
management at 41 completed weeks of gestation (RR 0.87;
95% CI: 0.79 to 0.97). The combination of maternal
morbidity of cesarean section with neonatal morbidity of
NICU admission revealed significant beneficial effects
for induction of labor at 41 weeks of gestation (RR 0.9;
95% CI: 0.83 to 0.96). Significant results were seen for
the composite outcome of cesarean section and perinatal
mortality for induction of labor at 41 completed weeks of
gestation (RR 0.83; 95% CI: 0.74 to 0.92) (Figure 32).

Key findings: Based on the research reviewed, women at
37 to 40 completed weeks were more likely to have a cesarean
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section with expectant management than those in the labor
induction group. Cesarean section and perinatal mortality
is reduced with labor induction at 41 weeks compared to
expectant management of labor. A policy of labor induction at
41 completed weeks is therefore recommended for preventing
maternal and neonatal morbidity.

Instrumental/assisted delivery

The main instruments used for assisted vaginal deliveries are
obstetric forceps or vacuum. There is limited data on the
incidence of instrumental vaginal births in low-income
countries, but in the industrialized world, the rates range
from 5 to 20% of all births [232,233].

Impact analysis: Johanson et al. [234] showed that vacuum
extraction was associated with significantly less maternal
injuries compared to forceps (OR 0.41; 95% CI: 0.33 to 0.50).
However, it had a higher incidence of fetal retinal hemor-
rhages and cephalhaematoma. In another review, delivery
with the use of forceps versus any type of delivery was
associated with a reduced risk of failed delivery (RR 0.65;
95% CI: 0.45 to 0.94) [235].

Composite analysis: For the comparison of vacuum
extraction versus forceps delivery, composite outcomes were
assessed for severe maternal injury and perinatal mortality;
these were statistically significantly reduced (RR 0.49; 95%
CI: 0.35 to 0.70) (Figure 33). Further analyses of the impact
of vacuum extraction versus forceps delivery on the compos-
ite outcomes of cesarean section and perinatal mortality and
cesarean section and cephalhaematoma did not reveal
significant results (RR 0.57; 95% CI: 0.31 to 1.05 and RR
1.20; 95% CI: 0.65 to 2.61, respectively).

Key findings: Analysis revealed that the use of vacuum
extraction displayed a reduction in the composite risk for
severe maternal injury and perinatal mortality compared to
the use of forceps.

Emergency transport systems

In developing countries, one of the major barriers to access
maternal and newborn health care services is the lack of
available transportation. This leads to unfavorable out-
comes, including maternal and newborn-related mortality
and morbidity, especially during emergency situations.
Developing emergency transport/transfer systems tailored to
the geographic area and needs of the community is therefore
one strategy to increase access to maternal and newborn
health services.

Impact analysis: A number of studies have examined the
role of ambulance care in national programs aimed at
attempting to addressing maternal mortality [236]. In the
Sierra Leone and Ugandan RESCUER programs, enhanced
communication systems and emergency transport via 4-wheel-
drive ambulances significantly increased obstetric referrals
(from 0.9 to 2.6% per month), and reduced maternal case
fatality (from 20 to 10%) [237]. In the developed world, there
is a well-developed system of emergency transport services
supported by both hospitals and government; the same cannot
be said for developing countries, where health budgets are
insufficient to support this intervention [238]. There is a dearth
of studies providing data for this key intervention. Data from
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log[Risk Ratio]
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Risk Ratio
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Risk Ratio
IV, Fixed, 95% CI

95% CI

1.12.1 C-section

Bergsjo 1989 -0.3711 0.2044 7.2%
Dysen 1987 -0.6349 0.235 54%
Geilsen 2005 -0.1278 0.1582 11.9%
Hannah 1992 -0.1508 0.0667 67.2%
Henry 1969 -1.0498 1.6153 0.1%
Herabutya 1992 0.00995 0.2018  7.3%
Subtotal (95% ClI) 99.2%

Heterogeneity: Chi2 =6.10, df =5 (P = 0.30); 12 = 18%
Test for overall effect: Z = 3.27 (P = 0.001)
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Hannah 1992 -1.6094 1.5509 0.1%
Henry 1969 -1.5608 1.5308 0.1%
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Figure 32. Induction of labor at or beyond term versus expectant management at 41 completed weeks and more — c-section and perinatal mortality.

observational studies suggest that effective transport systems
help to reduce the delays faced by patients experiencing
obstetric emergencies. Use of simpler means of transport
such as motorcycle ambulances in resource-poor regions may
be more efficient than state-of-the-art ambulances. No com-
posite analysis was done for this intervention.

Key findings: Literature suggests that ambulance care can
reduce maternal mortality; this intervention can also address
intrapartum-associated neonatal complications such as intra-
partum stillbirths and birth asphyxia. There are limited
studies on this subject and further research may be needed to
determine combined benefits on maternal and newborn health
outcomes.

Perinatal audit

Perinatal audit is the careful review and evaluation of care
given to the pregnant woman, the fetus, and the neonate.
Audits of maternal and perinatal mortality can be performed
at the facility or at the community. Perinatal audit at the
community level aims to evaluate national guidelines for
maternal and newborn care; it is conducted at three levels,
with each level adding depth to the audit. The first level
involves recording the number of maternal/perinatal deaths in
an area. The second level categorizes the causes of death, and

the final level identifies potentially avoidable factors or
suboptimal care. At the community level, an audit is done to
evaluate national guidelines for maternal and newborn care,
whereas, at the facility level it is performed to review the
deficiencies/success in providing care.

Impact analysis: A study from Gaudeloupe [239] showed a
25% reduction in perinatal mortality rate with the application
of perinatal audit. Studies by Hawthorne et al. [240] and Krue
et al. 241 also showed significant reduction in the perinatal
mortality rate with population based perinatal audit. A meta-
analysis of seven studies by Pattinson et al. [242] indicated
a reduction in perinatal mortality of 30% (95% CI: 21 to
38%) after introduction of facility based perinatal audit.
A Cochrane review did not identify any trial on the impact
of critical clinical based audit on maternal and perinatal
mortality [61]. No composite analysis could be done for this
intervention.

Key finding: Perinatal audit has been shown to reduce
perinatal mortality rate in a number of studies. It is an
essential tool for analyzing the causes of maternal and
perinatal death. As with any audit system, feedback is
essential to gauge its effectiveness. Efforts should identify
which tools can gauge its effectiveness, and can provide an
accurate estimate of its coverage in the population.



DOI: 10.3109/14767058.2013.784737

Interconnection between maternal and newborn health 39

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
1.13.1 Severe maternal injury
Keele 1993 -0.4943 0.2367 55.2% 0.61[0.38, 0.97]

-1.3093 0.5911 8.9%
Portsmouth 1983 -0.9943 0.318 30.6%
Subtotal (95% ClI) 94.7%
Heterogeneity: Chiz = 2.64, df =2 (P = 0.27); 12 =24%
Test for overall effect: Z = 4.05 (P < 0.0001)
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1.05 [0.07, 16.85]

7.39 [0.15, 372.35]

0.27 [0.08, 0.86]

0.37[0.20, 0.69]

i
——
0.48 [0.34, 0.69] L 4

0.39[0.05, 2.83]

A4

-

0.79 [0.18, 3.53]

0.49 [0.35, 0.70] ¢

) T T
0.01 0.1 1 10 100
Favours experimental Favours control

Test for subgroup differences: Chi2 = 0.41, df =1 (P = 0.52), I = 0%

Citation to the included studies:

Keele 1993[55], Lasbrey 1964[56], Portsmouth 1983[57].

Figure 33. Vacuum extraction versus forceps delivery — severe maternal injury and perinatal mortality.

Interventions during the postpartum/postnatal period

The first 6 weeks following childbirth — defined as the
postnatal or postpartum period — is dangerous for both mother
and baby. More than 60% of maternal deaths occur during this
time; half of all postpartum maternal deaths occur during the
first week after childbirth, with the majority of these
occurring during the first 24 h [243]. An infant’s chance of
dying is also highest during the postnatal period, with the
most vulnerable time being the first 24 h following birth. In
fact, 75% of all newborn deaths occur by the end of the first
week after delivery [7]. While the postpartum period
represents a critical opportunity to safeguard the health and
survival of a mother and her newborn, many women and
newborns receive little or no postpartum care, and some do
not receive any postpartum care at all. Given this high level of
vulnerability, the postnatal period represents an ideal time
within the continuum of care for delivering interventions to
improve the health of women and their newborns. This
section defines the interconnections between maternal and
neonatal interventions delivered during the postnatal period,
some of which are directed to the mother (e.g. recognition and
treatment of postpartum depression) and others to the
newborn (e.g. thermal care for newborn, early initiation of
breastfeeding).

Interventions evaluated and their assigned GRADE

Table 6 summarizes the relevant postpartum and newborn
care interventions reviewed in this paper, reports their impact

on composite maternal and fetal/neonatal outcomes, and
identifies their assigned Interconnection groups (A, B, or C).
Grade A interventions and their effect on maternal and
neonatal death and disability are described below.

Recognition and treatment of mild to moderate postnatal
depression

Maternal mental health problems pose a huge human, social,
and economic burden to women, their infants, their families,
and society, and constitute a major public health challenge
[244]. The most common mental disorders associated with
pregnancy and childbirth include postpartum depression,
anxiety disorders and postnatal psychosis. The onset of
depression in women increases during pregnancy and in the
postpartum period. This review looks at the impacts of
pharmacological and non-pharmacological treatment of
maternal depression on maternal and neonatal health.
Impact analysis: Two reviews identified on this topic
[245,246] indicated that use of pharmacological methods to
treat postnatal depression displayed a significant decrease in
evidence of depression post-treatment (clinical global impres-
sion scale: RR 0.46; 95% CI: 0.26 to 0.83). With regards to
non-pharmacological treatment, Rahman et al. [247] stated
that cognitive behavior therapy, administered by primary
health workers who were trained to deliver the psychological
intervention, for the mothers led to a reduction in infant
outcome of diarrhea (diarrhea episodes at 12 months: OR 0.6;
95% CI: 0.39 to 0.98), an improvement in complete immun-
ization at 12 months (OR 2.5; 95% CI: 0.79 to 3.18), and
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increased contraceptive use in mothers at 12 months (OR 1.6;
95% CI: 1.20 to 2.27). A review by Sukran et al. [248] found a
significant association of maternal depression with under-
weight (OR: 1.5; 95% CI: 1.2 to 1.8) and stunting (OR: 1.4;
95% CI: 1.2 to 1.7) in children. A composite analysis
could not be generated due to the lack of studies report-
ing simultaneous outcomes for the mother and the newborn
child.

Key findings: Studies have shown that pharmacological
treatment for depression has significantly reduced depression
post-treatment. Literature has also shown that non-pharma-
cological treatment of maternal postnatal depression has
a positive impact on subsequent child outcomes such as
diarrhea and completion of routine immunizations. This
treatment is also associated with increased contraceptive use
in women. Although there is a dearth of systematic reviews
on interventions related to maternal mental health, available
evidence suggests that recognition and treatment of postnatal
depression benefits both mother and child in the long term.

Support and promotion of early initiation and continued
breastfeeding

The safest and most successful way of assuring proper growth
and development is providing the infant with exclusive breast
milk from the first hour of birth through 6 months of age
[249-251]. In developing countries alone, if mothers start
practicing early initiation of breastfeeding, an estimated 1.45
million lives can be saved annually by reducing deaths due to
lower respiratory tract infections and diarrheal disorders
[252]. Women also benefit from early breastfeeding, both in
the short and long term. In this review the early initiation of
breastfeeding is defined as breastfeeding that takes place
within the first 24 h after birth; late or delayed initiation is
breastfeeding that takes place after 24 h of birth.

Impact analysis: Two recent reviews assessed the impact
of breastfeeding on neonatal outcomes: a review by Imdad
et al. [253] found that if promotion of initiation of
breastfeeding was given in prenatal and postnatal periods
there was a 12% statistically significant increase in any
breastfeeding rates at 6 months (RR 1.12; 95% CI: 1.01 to
1.24). A Cochrane review by Lewin et al. [254] also showed
that counseling of pregnant women led to an increase in the
incidence of early initiation of breastfeeding (RR 1.45; 95%
CI: 1.14 to 1.84). A study by Edmond et al. [255] reported
a marked dose response relationship of increased risk of
neonatal mortality with increasing delay in initiation of
breastfeeding from 1h to day 7. They reported that overall
late initiation (after day 1) was associated with a 2.4 fold
increase in risk. Similar findings were also reported in a study
from Southern Nepal [256] and they found higher mortality
among late (>24h) compared with early (<24h) initiators
(RR: 1.41; 95% CI: 1.08 to 1.86).

In the short-term, with breastfeeding begun shortly after
delivery, the mother is likely to recover more rapidly from
the stress of parturition; the uterus contracts, stimulated by
the oxytocin released during lactation, thereby reducing
blood flow, preventing anemia as iron stores are less
depleted. As far as long-term outcomes are concerned,
literature has shown that breastfeeding reduces fertility in
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the mother, perhaps for several months, affording a natural
form of birth spacing. A Cochrane review by Wijden et al.
[257] concluded that fully breastfeeding women who remain
amenorrhic have a very small risk of becoming pregnant in
the first 6 months after delivery when relying on lactational
subfertility [258-265]. Pooled estimates from the Lancet
Maternal and Child Undernutrition Series [266] show that
individual counseling increased the odds of exclusive breast
feeding by a factor of 3.45 in the neonatal period (OR 3.45;
95% CI: 2.20 to 5.42) and by a factor of 1.93 at 6 months of
age (OR 1.93; 95% CI:. 1.18 to 3.15). This series also
showed similar results in the analyses for group counseling,
which improved the odds of exclusive breast feeding in the
neonatal period (OR 3.88; 95% CI: 2.09 to 7.22) and at 6
months of age (OR 5.19; 95% CI: 1.90 to 14.15) [266].
Breastfeeding has shown improvement in maternal weight
loss at 4 to 6 months after delivery (MD —0.42; 95% CI:
0.02 to 0.82) [267]. It has also been seen to have a
significant impact on reducing breast cancer risk for the
mother (OR 0.6; 95% CI: 0.5 to 0.9) [268]. In a study
published by the Collaborative Group on Hormonal Factors
in Breast Cancer, it was observed that the relative risk of
breast cancer decreased by 4.3% (95% CI: 29 to 5.8;
p<0.0001) for every 12 months of breastfeeding in addition
to a decrease of 7.0% (5.0 to 9.0; p<0.0001) for each birth
[269]. However, a Cochrane review by Crepinsek et al. [270]
found a non-significant impact of breastfeeding education on
the risk of mastitis at day 7 (RR: 3.75; 95% CI: 0.35 to
40.70) and day 30 (RR: 0.93; 95% CI: 0.17 to 4.95) after
delivery. A composite analysis was not possible due to the
lack of trials focusing on maternal and neonatal health
outcomes simultaneously.

Key findings: Early initiation and sustained exclusive
breastfeeding for 6 months has wide-ranging beneficial effects
for the mother, including an increased rate of postpartum
weight loss, reduced blood loss after parturition, reduced
fertility and decreased risk of breast cancer. A decrease in
neonatal mortality has also been reported. Counseling of
pregnant women regarding early initiation of breastfeeding
has been recognized as an important tool for promoting
exclusive breastfeeding practices, both in the neonatal period
and at 6 months of age.

Thermal care or kangaroo mother care (KMC) for preterm
and/or low birth weight babies

More than 1 in 10 of the world’s babies born in 2010
were born prematurely, resulting in estimated 15 million
preterm births (defined as before 37 weeks of gestation)
[271]. Prematurity is the second-leading cause of death in
children under-5 and the single most important cause of
death in the critical first month of life [272]. It is also the
most important risk factor for neonatal deaths from
infection [6,273], and for developing hypothermia. A
number of measures have been proposed to maintain
infants’ body temperature outside of incubators. These
include: skin-to-skin care, extra clothing/bedding, warming
up the nursery, heating the bed mattress and KMC. KMC
is a technologically simple method developed by
Colombian pediatrician Edgar Ray in 1970 to prevent
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the incidence of hypothermia in preterm babies as a result
of incubator shortage.

Impact estimates: A Cochrane review by McCall et al. [2]
stated that the effect of barriers to heat loss such as plastic
wrap applied in the delivery suite versus routine care
significantly decreased the risk of hypothermia on admission
to the neonatal intensive care unit (NICU) [core body
temperature <36.5°C or skin temperature <36 °C (RR 0.66;
95% CI: 0.51 to 0.84]. The same review reported a significant
reduction in hypothermia [skin temperature <35.5°C for two
consecutive recordings (RR 0.09; 95% CI: 0.01 to 0.64 and
RR 0.09; 95% CI: 0.01 to 0.64) with the use of skin-to-skin
care versus routine care. Other modalities of external heat
sources such as transwarmer (sodium acetate gel) mattresses
also had a reduction on the risk of hypothermia on admission
to NICU [core body temperature <36.5°C (RR 0.3; 95% CI:
0.11 to 0.83) or skin temperature <36 °C (RR 0.30; 95% CI:
0.11 to 0.83)] when compared with routine care. A recent
Cochrane review found a significant positive effect of early
skin-to-skin contact on breastfeeding rates at one to four
months post birth (RR 1.27; 95% CI: 1.06 to 1.53) [274].

The review by Lawn et al. [275] reported that it can lead
to significant reduction in the risk of neonatal mortality
<2000g (RR 0.49; 95% CIL: 0.29 to 0.82) and severe
neonatal morbidity (RR 0.34; 95% CI: 0.18 to 0.65).
Moreover, KMC was also found to increase rates of
breastfeeding (RR 1.20; 95% CIL: 1.01 to 1.43), and
mother—infant attachment (RR 6.24; 95% CI: 5.57 to 6.91)
[276]. No studies were identified which explored the effects
of KMC on women. Hence, composite analyses were not
done for this intervention due to the lack of studies looking
at the impact of KMC on women and infants simultaneously.

Key findings: A range of interventions, other than primary
care designed for prevention of hypothermia, applied after
birth in the delivery suite, may be beneficial in practice.
These include: plastic wraps and bags, skin-to-skin contact,
transwarmer mattresses, etc. These interventions keep infants
warmer and lead to higher temperatures on admission to the
NICU and to decreased incidence of hypothermia. KMC has
been shown to significantly reduce the risk of neonatal
mortality and severe neonatal morbidity. In light of the clear
benefits for neonatal health, KMC should be routinely
provided to babies <2000g at birth in facilities in low-
income countries, where other options for care of preterm
babies are limited. No study reported the impact of neonatal
thermal care on mothers.

Cross cutting interventions: training CHWs to provide
interventions during the antenatal, childbirth and
postnatal periods

Interventions which train and deploy human resources,
specifically CHWs, were also included in this review. These
health workers provide interventions at community level
during the antenatal, childbirth, and postnatal periods.

Community based intervention packages (community mobil-
ization and home visitation via trained CHW:s)

To support the basic primary health care infrastructure,
a range of different approaches have been developed to
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train CHWs to provide specific tasks related to antenatal
and postnatal care [216,277]. These trained CHWs deliver
these interventions to the community via different
strategies, such as community mobilization and home
visitation. Only studies which implemented packages of
health interventions were considered eligible for inclusion.
Such packages have been known to improve maternal and
neonatal health.

Impact estimates: A systematic review by Kidney et al.
[278] stated that improving community based perinatal
care practices (educating lay birth attendants on basic
concepts of maternal and neonatal care, delivery practices
and providing referral to complicated cases) had a
significant impact on reducing maternal mortality (OR
0.62; 95% CI. 0.39 to 0.98). They also found that minimal
goal-oriented versus usual ANC showed no difference in
maternal mortality (RR 1.09; 95% CI: 0.53 to 2.25). The
Cochrane review by Lassi et al. [279] reported a non-
significant reduction in maternal mortality (RR 0.77; 95%
CI: 0.59 to 1.02), but significant reductions in perinatal
mortality (RR 0.80; 95% CI: 0.71 to 0.91), stillbirths (RR
0.84; 95% CI: 0.74 to 0.97) and neonatal mortality
(RR 0.76; 95% CI: 0.68 to 0.84) [279] with the use of
community based intervention packages.

Key findings: The available data suggests that introduc-
tion of community-based intervention packages via training
CHWSs can improve maternal, perinatal and neonate health.
The results from recent reviews are very promising; these
reviews recommend community-based packages be an
integral part of primary health care in developing
countries.

Training health personnel in basic neonatal resuscitation

Birth asphyxia is a major cause of neonatal mortality in
developing countries and can result in permanent brain
damage if the baby survives. Training health personnel
in basic resuscitation techniques is a key strategy for
improving birth asphyxia-related outcomes, and for maternal
resuscitation-related emergencies. If health personnel are
trained in neonatal resuscitation, they can be equipped to deal
with maternal emergencies during childbirth or in the
postpartum period.

Impact analysis: A review by Lee et al. [280] found a
significant effect of training community midwives on
reducing intrapartum-related neonatal mortality (RR 0.78;
95% CI: 0.64 to 0.95) and all-cause early neonatal mortality
(RR 0.82; 95% CI: 0.75 to 0.90). Another study found a
reduced perinatal mortality by 19% among newborns
delivered by TBAs trained in resuscitation compared to
TBAs trained for mouth-to-mouth breathing [281]. Other
studies have shown that implementation of neonatal resusci-
tation guidelines resulted in a 66% reduction in early neonatal
mortality rate [282] and significant reduction in asphyxia-
related deaths [283].

Key finding: Training health care personnel in basic
neonatal resuscitation has shown beneficial impact on neo-
natal health. Therefore, training health care providers is one
of the many other interventions that can positively impact
neonatal and perinatal health.
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Postnatal visits

Home visits by trained CHWs to promote preventive care and
to provide curative newborn care has been shown to be
efficacious at reducing perinatal and neonatal mortality.

Impact analysis: A key benefit of postnatal visits is
an improvement in exclusive breastfeeding for the first
6 months. In a study by Bashour et al. [284], rates of exclusive
breast feeding amongst women who received four, one or no
postnatal visits were 28.5, 30, and 20%, respectively. The study
reported higher rates of detection of mothers being pallor
during the postnatal visits (p =0.004); however, it had no
impact on identifying and improving other maternal morbid-
ities or improving contraceptive rates. In another study,
postnatal visits on days 1 and 2 of life had significant effects
on neonatal mortality (infants receiving a visit on day 1 versus
none: HR 0.33; 95% CI: 0.23 to 0.46) [227].

Key finding: Postnatal visits have shown to improve
exclusive breastfeeding, which should be initiated as soon
as possible after birth or after returning home from the
facility. With regards to the timing of postnatal visits, a visit
within the first 48 h after birth is most effective in reducing
newborn mortality. Postnatal visits by CHWs also provide
potential opportunities to detect maternal and neonatal
morbidities.

Management of neonatal pneumonia and sepsis

Neonatal sepsis is defined as a clinical syndrome of
bacteremia with systemic signs and symptoms of infection
in the first 4 weeks of life. Infection remains a major cause of
illness and death in the neonatal period [285,286]. Both
pneumonia and neonatal sepsis can be treated in a hospital
or community setting. The intervention has no benefit to
mothers; however, effective management of neonatal sepsis
by CHWs may indicate its potential beneficial impact in
management of maternal peripartum infections, such as
vaginal tract infections discussed earlier.

Impact estimates: When considering hospital management,
a Cochrane review on monotherapy [Timentin] versus com-
bination therapy [Piperacillin and Gentamicin] for early onset
neonatal sepsis (<48h) showed no significant effect on
mortality in the first 28 d of life (RR 0.75; 95% CI: 0.19 to
2.90) [287] or on rate of treatment failure (RR 1.25; 95% CI:
0.19 to 8.39) [287]. Similarly, another Cochrane review on
beta-lactam antibiotics versus combination therapy with a
beta-lactam plus an aminoglycoside for late onset neonatal
sepsis found no significant effect on mortality prior to
discharge (RR 0.17; 95% CI: 0.01 to 3.23) [288] or treatment
failure (RR 0.17; 95% CI: 0.01 to 3.23) [288]. With regards to
community management of neonatal sepsis and pneumonia
with antibiotics (cotrimoxazole, ampicillin or penicillin)
versus no antibiotics, treatment with antibiotics resulted in a
significant reduction in all-cause neonatal mortality (RR 0.73;
95% CI: 0.65 to 0.82) [289] and pneumonia-specific mortality
(RR 0.58; 95% CI: 0.43 to 0.78) [289]. A study by Zaidi et al.
[290] stated that among 434 (61.6%) infants recruited at clinics
randomized to 7 d of antibiotic therapy, there were 9% failures
with penicillin-gentamicin, 15% with ceftriaxone and 18% with
Trimethoprim-sulfamethaxole-gentamicin (TMP-SMX-genta-
micin). Treatment failure was significantly higher with TMP-
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SMX-gentamicin compared with penicillin-gentamicin (RR
2.03; 95% CI: 1.09 to 3.79). By 14 d, mortality was 5.58 times
in the ceftriaxone group compared to TMP-SMX-gentamicin
group (95% CI: 1.26 to 24.72). This study also stated that when
hospitalization of sick infants is unfeasible, outpatient therapy
with injectable antibiotics is an effective option.

Key findings: Antibiotics have a clear role in the treatment
of pneumonia and sepsis in low-income areas and can be
effectively administered in homes via trained health workers.
Management of neonatal and maternal infections can be
packaged together and delivered through health workers
considering its individual effectiveness. In terms of recom-
mending a particular regimen of antibiotics for out-patient-
based management of neonatal sepsis or pneumonia, Procaine
penicillin-gentamicin is superior to TMP-SMX-gentamicin
while Ceftriaxone is a more expensive option, and may be less
effective, although this requires further research.

Discussion

There is strong evidence demonstrating the interdependent
relationship between maternal and neonatal health. Strategies
for improving maternal and newborn health are therefore
closely related, and integrating care for women and children
along the continuum of care has the potential for accelerating
progress towards MDGs 4 and 5. The continuum of care not
only spans time (preconception, pregnancy, childbirth, and the
postnatal period), as well as the levels of care (household,
community and health facilities).

The effective delivery of interconnected interventions can
have a cross-generational impact on the health and wellbeing
of women and newborns. They can promote greater efficiency
by maximizing synergies and combining or linking services
that are more efficient if delivered together. For example, by
ensuring that postnatal visits address the health needs of
both women and newborns, health workers can provide
information about breastfeeding, immunization and raise
awareness of danger signs in newborns, and also check for
any signs of infection in both mother and newborn.
Community-based intervention packages have been shown
to reduce maternal mortality, perinatal mortality, stillbirths
and neonatal mortality [279]. Similarly, nutritional interven-
tions for women prior to conception, such as folic acid
supplementation, have long-term health benefits for women
and also promote healthier development of the fetus [291].

This paper has highlighted those interventions which have
been shown to have an impact on improving both maternal
and newborn health outcomes (19 Group A interventions and
10 Group B-I interventions), and could be potentially
recommended for deployment and scaling-up in developing
country health services. These interventions address different
aspects of the continuum of care, in terms of level of care
(community, health center, and hospital) and time (from pre-
pregnancy to the postnatal period). Some interventions
require advanced technical expertise and skills (e.g. manage-
ment of diabetes), whereas many others can be provided at the
community level (e.g. counseling for immediate and exclusive
breastfeeding). This paper identifies these strategies and
interventions, and groups them into packages of care for
delivery at the community, health center or hospital level.
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The review found that while the effects of maternal health
interventions on neonatal outcomes have been relatively well
studied, the converse is not the case; there is a dearth of
studies examining the benefits of neonatal interventions for
both maternal and neonatal health. Building on the evidence
reviewed in this paper, the following recommendations
suggest a way forward in integrating and packaging maternal
and newborn health across the continuum of care. What
follows below is a summary of the ‘‘Group A’ interventions
found to have a positive, synergistic effect on the health and
survival of both women and newborns during the pre-
pregnancy, antenatal, intrapartum and postpartum periods:

Pre-pregnancy and reproductive health interventions

e  Peri-conceptual folic acid has a significant protective
effect on neural tube defects (NTDs). The use of folic
acid 3 months before conception is known to reduce the
risk of first occurrence and a recurrence of NTDs. The
benefit of folic acid supplementation is evident in both
women who had a previous pregnancy and were affected
by it (recurrent NTDs), as well as those without prior
history of NTDs. All women should be advised and
provided with folic acid least 3 months before conception
until 3 months after conception to prevent the occurrence
and/or recurrence of NTDs. No recommendation can be
made regarding the impact of this intervention on
stillbirths because evidence is insufficient.

e Appropriate birth spacing (each pregnancy to be 18-24
months apart) is strongly recommended across the
reproductive age groups for its impact on both maternal
and neonatal/child health.

e Prevention and management of pre-gestational diabetes
has a positive impact on maternal and newborn health
outcomes. Therefore, it is strongly advisable to screen,
detect and manage diabetes in women before pregnancy.

ANC interventions

Well-designed, good-quality ANC during pregnancy can

reduce maternal mortality and morbidities and increase

detection of pregnancy complications. ANC can also reduce
the risk of preterm birth, perinatal mortality, and low birth
weight infants.

e Smoking cessation programs in pregnancy have been
shown to reduce preterm birth and reduce the incidence
of low birth weight. Smoking cessation and relapse
prevention strategies should be routine parts of ANC.

e Daily routine supplementation of iron and folic acid is
a standard practice during pregnancy. Because of the
combined benefit that iron supplementation has for both
the woman and child, it is recommended that this
practice should be continued. However, further trials are
needed to explore the appropriate dosing of iron, especially
in resource-poor developing countries. There is no evi-
dence regarding benefit of giving folic acid in the antenatal
period if it has not been given prior to conception.

e Given the significant positive impact of the management
of gestational diabetes mellitus (GDM) on maternal and
neonatal outcomes, we suggest that a packaged treatment
of GDM (dietary advice, glucose monitoring, and insulin)
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be delivered to pregnant women especially during the
first trimester.

e Prevention and management of STIs (syphilis, gonorrhea,
bacterial vaginosis, and chlamydia) during pregnancy
reduces poor health outcomes in women, the fetus, and
the newborn. Treating women early in the pregnancy
effectively prevents infection in the fetus, and helps
reduce the occurrence of disease in the women.

e Improving the uptake of and adherence to antiretroviral
therapy (ART) to prevent mother-to-child transmission
(PMTCT) of HIV is strongly recommended. Maternal
ART during pregnancy, and through breastfeeding, is
most effective for maternal health, and for reducing HIV
transmission and infant death.

e  Recognition and management of hypertensive disorders
in pregnancy can lead to reductions in maternal mortality
and neonatal morbidities. These interventions are both
preventive (calcium supplementation and anti-platelet
agents in high-risk pregnancies) and therapeutic (anti-
hypertensive drugs to mild to moderate hypertensive
disorders in pregnancy). The use of magnesium sulfate is
recommended for treatment of severe pregnancy-induced
hypertension (PIH) and eclampsia. This intervention not
only serves as prophylaxis in high-risk patients, but also
has benefits that spill over to the fetus, lowering the
incidence rate of NICU admission.

e Use of ITNs can reduce maternal anemia and low birth
weight infants. Targeted efforts are required to increase
ITN coverage, and to promote knowledge and practice
regarding ITN use in pregnancy.

e  Community-based packages (including establishing
women’s support groups and empowering women on
childbirth and newborn care preparedness) which provide
health education and outreach provides a holistic and
self-sustaining approach for increasing appropriate
healthy behaviors, including utilization of appropriate
health services, that benefit both the mother and fetus/
newborn.

Intrapartum interventions

Many interventions during the intrapartum period can be
packaged under the category of essential obstetric care. These
can be further classified into basic and emergency obstetric
care as outlined below:

Basic obstetric care

e The use of clean delivery kits is recommended for
home births, as it has potential positive health benefits
to the mother and neonate in terms of reduced risk of
infection.

e Maternal deaths due to obstetric complications such as
sepsis and postpartum hemorrhage can be prevented or
managed if women have access to SBA during childbirth,
including hygienic delivery practices and active manage-
ment of third stage of labor, which help prevent
complications. Although the evidence found was of low
quality, additional research is needed to generate esti-
mates that would make composite analyses feasible.
Skilled attendance denotes the presence of a health
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professional with midwifery skills, as well as the enabling
environment they need in order able to perform capably.

Emergency obstetric care

e A policy of labor induction at 41 completed weeks is
recommended to prevent maternal and neonatal morbidity.

e Provision of cesarean section can reduce maternal
mortality and the risk of intrapartum stillbirths.
Instrumental vaginal delivery is an important option for
the management of obstructed labor. The use of vacuum
extraction over forceps is recommended for averting
perinatal injury. Further studies are needed to examine
these outcomes in a variety of settings and to assess the
external validity of findings.

Postnatal/postpartum interventions

e Although there is a dearth of systematic reviews on
maternal mental health interventions, recognition and
treatment of postnatal depression is essential for the
benefit of both the woman and child.

e Breastfeeding has well-established health benefits for
both the woman and her newborn, including long-
term benefits to the woman. Efforts to promote
breastfeeding such as mass media awareness programs,
individual/group counseling, and baby-friendly hospital
initiatives should be continued and, as appropriate,
expanded.

e Home visits should be initiated as soon as possible after
birth or after returning home from the health facility.
A visit within the first 24 h after birth is likely to be most
effective in improving maternal and newborn health.
Visits on day 3 and day 7 are also recommended, as
deemed appropriate.

Research limitations and evidence gaps

This review included systematic analyses for each interven-

tion which have plausible benefits for both mothers and

newborns; however, a number of limitations were identified
in the review; including:

(1) Lack of information. For many of the interventions,
studies examined only outcomes related to either the
mother or the newborn, and in many cases there were
limitations in interpretation of effects related to absence
of evidence, rather than there being evidence of the
absence of an effect.

(2) Ethical concerns do not permit RCTs for certain inter-
ventions, e.g. screening and treatment of syphilis in
pregnancy, emergency obstetric care, and family plan-
ning. This limited the data available for composite
analyses for these interventions. For interventions
where conducting RCTs was ethically feasible, there
was a lack of research reporting the evidence of impact
on both maternal and neonatal outcomes simultaneously,
such as breastfeeding promotion, smoking cessation in
pregnancy, and peri-conceptual folic acid. This restricted
the pool of studies for the composite analysis.

The review identified a number of gaps and unanswered

questions. Future studies need to ensure standardized methods
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for data collection across the continuum of care and should
include the pre-pregnancy period in intervention strategies
(in circumstances where this is feasible). There is also an
urgent need to investigate the feasibility of implementing
enhanced ANC strategies (including detection and treatment
of diabetes, hypertension and STIs) in health systems; and to
evaluate the long-term impact of maternal nutrition packages.
The utilization of community-based platforms for promoting
skilled maternal and newborn care is another key area
requiring further research. Finally, given rapid increases in
healthcare costs, and the need to reach remote and under-
served communities, it has become crucial to build the
evidence base on cost-effectiveness of integrated reproduct-
ive, maternal, newborn and child health delivery strategies,
including intervention packages and platforms such as
community-based strategies, conditional cash transfers,
voucher schemes.

Proposed packages of care

The interventions identified in this series can be bundled
together and delivered in various packages to increase
efficiency and generate a synergistic effect. Figure 34
illustrates a framework for how the different packages can
be delivered and the level of care at which each can be
provided. In these seven packages of care, several means of
delivery exist, and should be adopted in a context-specific
manner. Critical to the success of delivering these packages,
however, will be the support of key players, including CHWSs,
trained TBAs, and medical attendants in first-level facilities
as providers of care. Furthermore, these key players must be
coordinated and trained through institutional structures in the
form of non-government organizations (NGOs), local gov-
ernment health policies, as well as national ministries of
health and training institutes. Funding must also be carefully
detailed to ensure that each of the packages can be sustained
as a whole; in the instance that funding is insufficient for any
single component of the packages, the entire continuum can
be severely undermined. Furthermore, in order for coverage
of these interventions to be high, it is important to ensure
affordability of these services, and this may require estab-
lishment of strategies such as vouchers, conditional cash
transfers, or health equity funds to ensure that women have
financial access to services.

Undoubtedly, implementation of multi-level integration
required for the continuum of care is challenging. The
feasibility of providing packaged interventions is influenced
by the strength of the existing health system and available
resources in a given community, district, or country. However,
the interventions within the packages identified are, to a large
extent, low-tech, low-cost and have been implemented in an
effective manner with strong impact. As with other integrative
health strategies, these packages should be implemented
incrementally, with close coordination and strengthening of
the existing health system beginning at the community and
district level. Creation of these packages can also aid in the
reallocation of limited resources in a more effective and
evidence-based manner. Below are the seven proposed
packages of care, which include all Group A interventions,
as well as those categorized as Group BIL.
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Figure 34. Illustrative framework for intervention packages.

General supportive care

This package supports the health of the woman and child during
pregnancy and during the postpartum period through preven-
tion of unhealthy behaviors and conditions, including depres-
sion, which can be provided through community-based support
groups. Interventions include smoking cessation in pregnancy,
prevention of IPV, prevention of maternal drug abuse during
pregnancy, recognition and treatment of postpartum depres-
sion, screening and detection of pre-gestational diabetes, and
recognition of general mental health problems.

Advice and counseling for smoking cessation can be
administered at the community level. Detection and treatment
of pre-gestational diabetes and mental health issues and
postnatal depression should be performed at the level of
outpatient clinics or, preferably, within a tertiary setting.
Prevention and treatment of drug abuse involves the health
sector but also requires support from the community.

Maternal nutrition support package

This package consists of key nutrition interventions, including
peri-conceptual folic acid supplementation, multiple micro-
nutrient supplementation during pregnancy, balanced protein
energy supplementation during pregnancy, iron—folic acid
supplementation during pregnancy, calcium supplementation

in pregnant women with low/inadequate calcium intake.
These interventions can be both promoted and delivered at the
community level. Supplementation can also be administered
via outpatient programs.

Improving quality of basic ANC

ANC can be delivered at the outpatient level. An effective
ANC package consists of birth preparedness, disease detection,
complication readiness, and counseling and health promotion.
An antenatal package includes interventions which detect
and treat pregnancy-related infections, such as malaria, STIs
and HIV. Case management of illness, such as malaria,
pneumonia, and diarrhea, can be performed in the outpatient
setting, whereas management of HIV and STIs should
preferably be done at a tertiary care center. Other conditions
affecting pregnancy, such as anemia, pre-eclampsia and
malnutrition, can be screened at outpatient visits. At the
community level, women can also be counseled on the benefits
of breastfeeding by both CHWs and personnel in outreach/
outpatient programs.

Expanded ANC package

Routine pregnancy care can be further improved by expanding
the components of the ANC package; these include
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prevention and management of diabetes during pregnancy,
treatment of pregnancy-induced hypertension (PIH) with
magnesium sulfate and anti-hypertensive drugs, and use of
antiplatelet agents for prevention of pre-eclampsia in high-
risk pregnancies. These interventions are more appropriate at
the tertiary care level after thorough clinical and laboratory
assessment, but could be adapted for implementation at lower
levels of the health care system. Another emerging interven-
tion that has displayed improved maternal outcomes are
influenza vaccination during pregnancy, which can be
administered at the level of the community or via out-
patient/outreach programs.

Community-based intervention packages and support groups

Community-based intervention strategies provide support to
the basic primary health care infrastructure. These commu-
nity based interventions include developing support groups
for women for education and empowerment, and training
CHW:s to deliver antenatal, intrapartum, and postnatal care
at the household level, and to identify, manage, and refer
complicated cases to the health facility. Available data suggest
that the introduction of community-based intervention pack-
ages have the potential to decrease maternal and neonatal
mortality. It can also improve breastfeeding practices and
increase referrals to health facilities for pregnancy-related
complications and other health care services recommended
during pregnancy, such as iron—folic acid supplementation.

Childbirth care package

A range of interventions for each stage of labor can improve
the health outcomes for woman and child. However, for the
purpose of this review, we grouped interventions under basic
and comprehensive emergency obstetric care, which can be
provided by skilled birth attendants. Some interventions such
as cesarean section and instrumental delivery generally
require tertiary level care. Others such as emergency transport
systems can be established at the grassroots level within the
community. These interventions should be considered essen-
tial components of any childbirth care package. These include
basic obstetric care, emergency obstetric care (lower segment
cesarean section, active induction of post term pregnancy),
treatment of preterm prelabor rupture of membranes
(pPROM), SBA (doctors, nurses, midwives), and training
TBAs in clean delivery and referral.

Postnatal care

In the postnatal period, interventions such as breastfeeding,
thermal care, KMC and family planning can be provided by
CHWs. These interventions can be integrated into another
important postpartum intervention, namely, postnatal visits.
At the level of the tertiary care center, postnatal care,
particularly for low birth weight infants and newborns at-risk
for HIV and malaria, can be provided.

This review has identified a number of interventions which
have beneficial health impacts on both mother and newborn.
These interventions should be integrated in health policies
and programs as part of a continuum of care approach. The
integration of maternal and newborn health strategies has
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the potential to improve efficiency, save scarce resources,
and ultimately improve maternal and newborn outcomes. This
approach is critical to achieving MDGs 4 and 5 — ensuring
that we not only save lives but also address overall health and
well-being.

A call for scaling up these interventions

This series has highlighted the interventions which have been
shown to have an impact on improving both maternal and
newborn health outcomes, and could be potentially recom-
mended for deployment and scaling-up in developing country
health services. Policy and regulations are crucial to the
implementation of any intervention, therefore, these interven-
tions should be reviewed in light of existing standards
and guidelines and be deployed and updated to ensure that
priority lifesaving interventions reach women and their
newborns.
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