
Series

www.thelancet.com   Vol 384   July 26, 2014 347

Every Newborn 3

Can available interventions end preventable deaths in 
mothers, newborn babies, and stillbirths, and at what cost?
Zulfi qar A Bhutta, Jai K Das, Rajiv Bahl, Joy E Lawn, Rehana A Salam, Vinod K Paul, M Jeeva Sankar, Hannah Blencowe, Arjumand Rizvi, 
Victoria B Chou, Neff  Walker, for The Lancet Newborn Interventions Review Group and The Lancet Every Newborn Study Group

Progress in newborn survival has been slow, and even more so for reductions in stillbirths. To meet Every Newborn 
targets of ten or fewer neonatal deaths and ten or fewer stillbirths per 1000 births in every country by 2035 will 
necessitate accelerated scale-up of the most eff ective care targeting major causes of newborn deaths. We have 
systematically reviewed interventions across the continuum of care and various delivery platforms, and then 
modelled the eff ect and cost of scale-up in the 75 high-burden Countdown countries. Closure of the quality gap 
through the provision of eff ective care for all women and newborn babies delivering in facilities could prevent an 
estimated 113 000 maternal deaths, 531 000 stillbirths, and 1·325 million neonatal deaths annually by 2020 at an 
estimated running cost of US$4·5 billion per year (US$0·9 per person). Increased coverage and quality of 
preconception, antenatal, intrapartum, and postnatal interventions by 2025 could avert 71% of neonatal deaths 
(1·9 million [range 1·6–2·1 million]), 33% of stillbirths (0·82 million [0·60–0·93 million]), and 54% of maternal 
deaths (0·16 million [0·14–0·17 million]) per year. These reductions can be achieved at an annual incremental 
running cost of US$5·65 billion (US$1·15 per person), which amounts to US$1928 for each life saved, including 
stillbirths, neonatal, and maternal deaths. Most (82%) of this eff ect is attributable to facility-based care which, 
although more expensive than community-based strategies, improves the likelihood of survival. Most of the 
running costs are also for facility-based care (US$3·66 billion or 64%), even without the cost of new hospitals and 
country-specifi c capital inputs being factored in. The maximum eff ect on neonatal deaths is through interventions 
delivered during labour and birth, including for obstetric complications (41%), followed by care of small and ill 
newborn babies (30%). To meet the unmet need for family planning with modern contraceptives would be 
synergistic, and would contribute to around a halving of births and therefore deaths. Our analysis also indicates 
that available interventions can reduce the three most common cause of neonatal mortality—preterm, intrapartum, 
and infection-related deaths—by 58%, 79%, and 84%, respectively.

Introduction
This Lancet Every Newborn Series shows that despite a 
halving of under-5 child deaths in the past two decades, 
progress in reducing newborn deaths has been slower, 
with about 3 million neonates still dying every year.1 
Reductions in neonatal mortality have averaged 2·0% 
annually since the Millennium Development Goals 
(MDG) baseline in 1990, which is much slower than 
corresponding reductions in maternal mortality 
(2·6%) or mortality in children 1–59 months of age 
(3·4%). Additionally, 2·6 million stillbirths (≥28 weeks 
or ≥1000  g) occur every year, including 1·2 million 
during labour.2 These stillbirths were not counted in 
the MDGs and progress has been substantially slower 
than even that for reductions in newborn mortality.1 
Achievement of the proposed Every Newborn targets 
of ten or fewer neonatal deaths and stillbirths per 
1000 births in every country1,2 would need a doubling 
of present rates of change at a global average, and 
more in some high-burden countries. Such progress 
needs focus on the most eff ective interventions and 
intentional investment and implementation, which 
has been insuffi  cient so far.3 In this third paper of the 
Series, we provide an update of the evidence base for 
interventions since the Lancet 2005 Neonatal Series 

and 2011 Stillbirth Series, and other relevant reviews.4–7 
We estimate the potential lives saved and the running 
costs of implementation, and make recommendations 
for prioritisation linked to the Every Newborn Action 
Plan.

Review of interventions and delivery platforms
We identifi ed specifi c interventions across the 
continuum of care (preconception, antenatal, intra-
partum, immediate postnatal period, and thereafter), 
building on previous evidence reviews4–8 (appendix 
pp 3–4), which could aff ect stillbirths and newborn 
outcomes (fi gure 1). We also reviewed delivery platforms 
that could augment the uptake of these interventions 
and methods to improve quality of care. We searched all 
major databases to identify available quality systematic 
reviews in various domains using standardised 
methodology. When we could not identify relevant 
syntheses, we did de-novo reviews (appendix pp 5–6). 
When we could not identify interventions from low-
income and middle-income countries, we considered 
evidence from other contexts. Table 1 and appendix 
pp 8–22 summarise the evidence of interventions 
across the continuum of care that aff ect stillbirths and 
neonatal outcomes.
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Preconception: interventions before and between 
pregnancy
The importance of preconception interventions for 
improved maternal, perinatal, and neonatal health 
outcomes is increasingly being recognised.9 These 
interventions include delaying of age at fi rst pregnancy, 

meeting of unmet needs for family planning, optimisation 
of inter-pregnancy intervals, and enhancement of pre-
pregnancy nutritional status; these approaches can be 
delivered across a range of possible platforms (panel 1).

Antenatal: interventions during pregnancy
The antenatal interventions reviewed included maternal 
immunisation, screening and management of infections 
(notably HIV, syphilis, other sexually transmitted 
infections, and malaria), interventions addressing pre-
existing chronic diseases (notably diabetes and 
hypertension) and pregnancy-induced disorders, 
detection and management of signifi cant in-utero 
growth retardation, prevention of rhesus (Rh) D allo-
immunisation, and interventions to improve nutrition 
and psychosocial health and combat drug misuse during 
pregnancy. Some of the salient interventions are 
summarised in the following paragraphs and are detailed 
in appendix pp 8–14.

Although the importance of tetanus immunisation in 
pregnancy is well established,26,27 the evidence to support 
other vaccines in pregnancy such as pneumococcal, 
haemophilus infl uenzae type B, and viral infl uenza 
vaccines is less robust, partly because of persistent 
challenges in the undertaking of immunisation trials 
during pregnancy. Despite reductions in maternal and 
infant respiratory illnesses with maternal infl uenza 
vaccination, no consistent benefi ts were noted on rates of 
preterm delivery and low birthweight (appendix p 23).

Intermittent preventive treatment of malaria in 
pregnancy reduces antenatal parasitemia and placental 
malaria, and is associated with reductions in low 
birthweight (by 29%) and neonatal mortality (31%) 
(appendix pp 24–25). The use of insecticide-treated 
bednets in pregnancy can reduce blood and placental 
parasitaemia (by 24%), low birthweight (20%), and 
stillbirths (32%) (appendix pp 24–25). Although the 
combined use of intermittent preventive treatment of 
malaria and insecticide-treated bednets in pregnancy can 
reduce the occurrence of low birthweight in the fi rst or 
second pregnancy by 35% in areas of stable Plasmodium 
falciparum transmission, data for rates of prematurity 
and stillbirths are scarce.28

In syphilis-endemic countries, antenatal syphilis 
screening combined with penicillin treatment can reduce 
syphilis-specifi c stillbirths (by 82%), preterm births 
(64%), and syphilis-related neonatal mortality (80%).29 A 
small amount of evidence suggests that screening for 
other genital tract infections and treatment programmes 
can also reduce respective preterm births (by 45%) and 
low birthweight (52%).30 Work is underway to establish 
the eff ectiveness of these approaches in primary care 
health systems.

Although treatment of bacterial vaginosis with 
antibiotics shows no clear benefi ts on preterm births or 
neonatal infections,31 intrapartum antibiotic prophylaxis 
for known group B streptococcus colonisation can reduce 

Key messages

1) Evidence is high, but coverage is low
New evidence-based interventions exist to address the main causes of newborn deaths, 
including:
• Innovations such as chlorhexidine cord cleansing.
• Increasing evidence of care of small and ill newborn infants in fi rst and second level 

facilities.
• Increasing feasibility because of adaptation and innovation of preventive measures 

such as antenatal corticosteroids and care for preterm infants using training tools for 
resuscitation and low-cost equipment such as continuous positive airway pressure.

These interventions can be delivered within existing service delivery packages, but almost all 
have very low coverage at present, with less than a third of  women and neonates in need 
receiving them. Major acceleration is needed to be able to meet targets for Every Newborn, 
linked to A Promise Renewed, and the post-Millenium Development Goal targets.

2) Impact is high and cost is quite low
High coverage of care by 2025 would prevent 71% of neonatal deaths, saving 1·90 million 
newborn babies, preventing 0·82 million stillbirths, and averting more than 0·16 million 
maternal deaths per year, with ongoing eff ects on child health beyond the fi rst month of 
life. Hence, care provides a quadruple return for an investment of US$5·65 billion 
($1·15 per person) and $1928 for each life saved.

Together, the most eff ective packages can save 87% of preventable maternal and 
newborn deaths:
• Care during labour and birth, plus immediate newborn care, can avert 1·49 million 

maternal and newborn deaths and stillbirths per year by 2025, of which almost 
0·8 million are newborn lives.

• Care of the small and ill newborn can avert more than 580 000 newborn deaths per year.

Preventive care of the healthy neonate could save more than 230 000 neonatal lives, 
whereas immediate care of the neonate at birth alone could avert almost 190 000 deaths.

3) Quality of care gap
• Quality of care at birth: an immediately feasible opportunity is to address the quality gap 

for births already ocurring in facilities by 2020, resulting in an estimated 1·325 million 
neonates saved, 531 000 stillbirths prevented, and 113 000 women saved.

• Care of small and ill neonates: our estimates suggest the greatest eff ect would come 
from a focus on the care of small and ill neonates, which has been neglected to date 
and would prevent almost 600 000 newborn deaths per year by 2025. Much of this 
eff ect is potentially achievable through newborn care services in subdistrict and 
district level hospitals.

4) Equity gap
The 24 countries with the highest mortality (neonatal mortality rate >30) have the 
greatest potential for lives saved, both proportionately and in actual numbers (1·3 million 
or two-thirds of all newborn lives saved by 2025). Within countries, specifi c unreached 
populations need to be targeted in diff erent ways, such as rural or urban poor populations 
or ethnic minority groups. To harness the power of parents, families, and communities is 
crucial to mobilise change. Community and primary care approaches alone could save an 
estimated 372 000 newborn lives by 2020, at a cost of less than US$2 billion.
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Figure 1: Conceptual framework for risks and interventions to improve health for every newborn and other birth and maternal outcomes
IPTp=intermittent preventative treatment in pregnancy. ITN=insecticide-treated bednets. IUGR=intrauterine growth restriction.

• Girl and adolescent health: Nutrition, especially for girls 
younger than 2 years; prevention of female genital 
mutilation; education and empowerment

• Family planning: Reduce unintended pregnancies, delay age 
at first pregnancy, contraception services, safe abortion

• Maternal immunisation: Tetanus, pneumococcal, 
Haemophilus influenzae type b, influenza

• Maternal infection prevention, screening 
and management: 
Malaria (IPTp, ITN), syphilis, lower genital tract infections, 
group B streptococcus, bacterial vaginosis, urinary tract 
infection, chlamydia, gonorrhoea, HIV, toxoplasmosis

• Address chronic diseases and pregnancy-induced disorders: 
Pregnancy-induced hypertension, pre-eclampsia, eclampsia, 
gestational diabetes, diabetes, hypertension

• Maternal nutrition enrichment: Iron, folate, calcium, 
multiple micronutrient, balanced protein energy

• Detection and management of significant IUGR: Doppler 
velocimetry for early antenatal detection of IUGR and 
appropriate treatment and timely delivery

• Maternal interventions to improve psychosocial health 
and substance abuse: Antenatal assessment and 
interventions for anxiety, antenatal and postnatal psychosis, 
and depression. Prevention of smoking, alcohol use, and
illicit drug use.

• Prevention of Rhesus disease

Interventions before, during, and between pregnancies Interventions during labour and birth

• Skilled birth attendance
• Hygienic care at birth: Use of clean birth kits, hand washing 

with soap and, if appropriate, chlorhexidine
• Emergency obstetric care: Basic and comprehensive planned 

caesarean section if indicated
• Management of term breech and post-term pregnancies: 

Induction of labour after 41 weeks of pregnancy
• Management of preterm labour: Treatment with antenatal 

steroids
• Antibiotics for preterm  premature rupture of membranes

Interventions for immediate care and for small and 
ill newborn babies

Immediate care for every neonate

• Cord care and clamping: Delayed cord clamping and cord
cleansing with antiseptics

• Interventions to prevent hypothermia: Drying, head 
covering, skin-to-skin care, and delayed bathing for every 
newborn baby

• Nutrition in neonates: Early initiation and exclusive 
breastfeeding

• Vitamin K administration
 
Small and ill neonates

• Resuscitation of neonate for perinatal depression and 
care for babies with neonatal encephalopathy

• Care for small (preterm and/or small for gestational 
age) infants: Extra thermal care including plastic wraps 
for transfer, kangaroo mother care, topical emollient 
therapy, secondary level care, tertiary level care, 
management of respiratory distress syndrome

• Recognition and management of neonatal infections: 
Antibiotics for neonatal pneumonia/sepsis/meningitis. 
Facility-based supportive care with intravenous fluids 
and intensive care

• Hyperbilirubinaemia prevention and management: 
Phototherapy to prevent complications

Delivery channels for universal coverage: Community-based care, outpatient care (eg, child health days, facility care, and emergency transport)
Quality of care: Governance mechanisms, upgrading health workforce, interpersonal care and social support, audit, information systems, pay for performance, and mHealth 

General: Poverty, absence of education and empowerment, low access  to care, household air pollution
Maternal: Maternal malnutrition, maternal age, interpregnancy interval, maternal infections, chronic diseases, pregnancy-induced disorders, substance misuse
Intrapartum: Absence of obstetric care, breech delivery, post-term pregnancy, preterm premature rupture of membranes, preterm labour, unskilled delivery
Neonatal: Prematurity, IUGR, perinatal depression, meconium aspiration syndrome, kernicterus, hypothermia, congenital malformations, neonatal infections

Risks for morbidity and mortality

• Improved pregnancy and birth outcomes for mother and baby
• Improved health and child development

Stillbirth Preterm birth Perinatal mortality Small for 
gestational age

Neonatal mortality

Preconception and antenatal interventions

Iron supplementation ·· 0·88 (0·77–1·01) ·· ·· 0·90 (0·68–1·19)

Iron and folic acid supplementation ·· 1·55 (0·40–6·00) ·· ·· 0·81 (0·51–1·30)

Multiple micronutrient supplementation 0·95 (0·85–1·06) 0·99 (0·97–1·02) 0·96 (0·84–1·10) 0·87 (0·83–0·92) 1·01 (0·89–1·16)

Calcium supplementation ·· 0·76 (0·60–0·97) 0·90 (0·74–1·09) 1·01 (0·84–1·21) 1·07 (0·39–2·95)

Balanced energy protein supplementation 0·62 (0·40–0·98) 0·96 (0·80–1·15) ·· 0·68 (0·49–0·89) 0·63 (0·37–1·06)

Tetanus toxoid immunisation ·· ·· ·· ·· 0·06 (0·02–0·2)

Haemophilus infl uenzae type b vaccine 1·69 (0·41–6·94) 1·37 (0·20–9·16) ·· ·· ··

Infl uenza virus vaccine ·· 0·77 (0·36–1·64) ·· ·· ··

Syphilis screening and treatment 0·18 (0·10–0·33) 0·36 (0·27–0·47) ·· ·· 0·20 (0·13–0·32)

Intermittent preventive treatment for malaria in pregnancy 0·96 (0·72–1·27) 0·86 (0·62–1·21) 0·83 (0·66–1·05) 0.65 (0·55 – 0·77) 0·69 (0·49–0·98)

Insecticide-treated bednets ·· ·· ·· 0·65 (0·55 – 0·77) ··

Maternal anthelminthic treatment ·· 0·88 (0·43–1·78) 0·97 (0·68,1·40) ·· ··

(Table 1 continues on next page)



Series

350 www.thelancet.com   Vol 384   July 26, 2014

Stillbirth Preterm birth Perinatal mortality Small for 
gestational age

Neonatal mortality

(Continued form previous page)

Lower genital infection screening and management ·· 0·55 (0·41–0·75) ·· ·· ··

Prophylactic antibiotics ·· 0·96 (0·70–1·33) 0·80 (0·31–2·06) 1·29 (0·42–3·96) ··

Antibiotic prophylaxis for group b streptococcus colonisation ·· ·· ·· ·· 0·19 (0·01–3·82)

Antibiotics for bacterial vaginosis ·· 0·88 (0·71–1·09) 0·71 (0·36–1·39) ·· ··

Asymptomatic bacteriuria treatment ·· 0·37 (0·10–1·36) ·· ·· ··

Periodontal disease management 0·49 (0·26–0·94) ·· ·· ·· ··

Antihypertensive for mild-to-moderate hypertension 1·14 (0·60–2·17) 1·02 (0·89–1·16) 0·96 (0·60–1·54) 1·04 (0·84–1·27) 0·79 (0·14–4·34)

Magnesium sulphate for prevention of pre-eclampsia 0·99 (0·87–1·12) ·· 0·98 (0·88–1·10) ·· 1·16 (0·94–1·42)

Calcium supplementation for hypertension 0·90 (0·74–1·09) 0·76 (0·60–0·97) 0·86 (0·70–1·07) 1·05 (0·86–1·29) ··

Antiplatelets for pre-eclampsia 1·15 (0·88–1·49) 0·92 (0·88–0·97) 0·89 (0·74–1·08) 0·90 (0·83–0·98) 0·89 (0·64–1·22)

Preconception diabetes education ·· 0·83 (0·62–1·12) 0·31 (0·19–0·53) ·· ··

Optimum vs suboptimum glucose control 0·51 (0·14–1·88) ·· 0·40 (0·25–0·63) ·· ··

Education/psychotherapy to quit smoking ·· 0·79 (0·52–1·21) ·· ·· ··

Nicotine replacement therapy ·· 0·77 (0·61–0·97) ·· ·· ··

Incentives to quit smoking ·· 0·49 (0·22–1·08) ·· ·· ··

Prenatal antidepressants ·· 1·55 (1·38–1·74) ·· ·· ··

Doppler velocimetry ·· ·· 0·71 (0·52–0·98) ·· 0·81 (0·53–1·24)

Fetal movement monitoring 0·65 (0·41–1·04) 1·12 (0·72–1·75) ·· ·· ··

Caesarean section for breech ·· ·· 0·33 (0·19–0·56) ·· ··

Post-term labour induction 0·28 (0·05–1·67) ·· 0·30 (0·09–0·99) ·· ··

Antibiotics for preterm premature rupture of membrane ·· ·· ·· ·· 0·88 (0·80–0·97)

Steroids for preterm labour ·· ·· ·· 0·96 (0·63–1·44) 0·47 (0·35–0·64)

Basic emergency obstetric care ·· ·· ·· ·· 0·60 (0·48–0·60)

Comprehensive emergency obstetric care ·· ·· ·· ·· 0·15(0·12–0·32)

Skilled birth care ·· ·· ·· ·· 0·75 (0·70–0·85)

Clean birth practices at home ·· ·· ·· ·· 0·85 (0·80–0·90)

Clean birth practices at facility ·· ·· ·· ·· 0·73 (0·64–0·76)

Newborn and neonatal interventions

Delayed cord clamping in full-term neonates ·· ·· ·· ·· 0·37 (0·04–3·41)

Umbilical cord antiseptics ·· ·· ·· ·· 0·77 (0·63–0·94)

Neonatal resuscitation at home ·· ·· ·· ·· 0·80 (0·75–0·85)

Neonatal resuscitation at facility ·· ·· ·· ·· 0·70 (0·59–0·84)

Anticonvulsants for asphyxia ·· ·· ·· ·· 0·87 (0·54–1·40)

Hypothermia for hypoxic ischaemic encephalopathy ·· ·· ·· ·· 0·75 (0·64–0·88)

Continuous positive airway pressure for respiratory distress syndrome ·· ·· 0·52 (0·32–0·87) ·· ··

Surfactant therapy for respiratory distress syndrome ·· ·· ·· ·· 0·68 (0·57–0·82)

Preventive surfactant therapy for preterm neonates ·· ·· ·· ·· 0·60 (0·47–0·77)

Antibiotics for meconium aspiration syndrome ·· ·· ·· ·· 1·29 (0·36–4·54)

Systemic steroids for meconium aspiration syndrome ·· ·· ·· ·· 0·61 (0·22–1·71)

Inhaled steroids for meconium aspiration syndrome ·· ·· ·· ·· 0·39 (0·08–1·94)

Surfactant lung lavage for meconium aspiration syndrome ·· ·· ·· ·· 0·38 (0·09–1·57)

Bolus surfactant for meconium aspiration syndrome ·· ·· ·· ·· 0·80 (0·39–1·66)

Topical emollient therapy ·· ·· ·· ·· 0·73 (0·56–0·94)

Hypothermia prevention for preterm infants ·· ·· ·· ·· 0·80 (0·55–0·92)

Kangaroo mother care in preterm infants ·· ·· ·· ·· 0·60 (0·39–0·93)

Oral antibiotics for pneumonia ·· ·· ·· ·· 0·58 (0·41–0·82)

Injectable antibiotics for pneumonia ·· ·· ·· ·· 0·25(0·19· 0·30)

Antibiotics for sepsis ·· ·· ·· ·· 0·35 (0·30–0·50)

Data are RR (95% CI). Numbers in bold indicate a signifi cant eff ect, whereas non-bold data indicate no signifi cant eff ect. ·· Indicates no evidence.

 Table 1: Overview of interventions showing eff ect on selected outcomes
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early infection. The potential overall eff ect in low-income 
and middle-income countries is uncertain.32 Antibiotic 
treatment for asymptomatic bacteriuria in pregnancy is 
eff ective in clearing asymptomatic bacteriuria (by 75%), 
and in reducing the incidence of pyelonephritis (77%) 
and low birthweight (44%).33 Despite wide prevalence, the 
evidence to support interventions to prevent the 
transmission and complications of cytomegalovirus,34 
herpes,35 or toxoplasmosis36,37 is inconclusive.

Antiretroviral drugs reduce viral replication and can 
decrease mother-to-child transmission of HIV.38 Recent 
studies suggest that extended duration of treatment, 
especially highly active antiretroviral therapy during 
pregnancy, might be associated with an increased 

incidence of preterm delivery, small for gestational age 
infants, and pregnancy complications, including 
hypertension.39 These areas merit further research and 
development.

Hypertensive diseases of pregnancy, including 
pregnancy-induced hypertension, pre-eclampsia, and 
eclampsia, can complicate 5–8% of pregnancies40 and are 
the second most common cause of maternal deaths 
worldwide.41 Treatment of mild-to-moderate hypertension 
during pregnancy does not substantially aff ect maternal 
and birth outcomes,42 although the use of magnesium 
sulphate can reduce the risk of eclampsia by 59%.43 
Studies of antiplatelet drugs for women at risk of 
developing pre-eclampsia show that these drugs reduced 

Panel 1: Preconception and adolescent care interventions

Nearly 50% of women 20–24 years of age in Asia and Africa are 
married by the age of 18 years, which puts them at an increased 
risk of early pregnancy, maternal disability, and death. 
Worldwide, about 16 million girls aged 15–19 years and 2 million 
girls younger than 15 years old give birth every year. Half of all 
adolescent births occur in just seven countries: Bangladesh, 
Brazil, Democratic Republic of the Congo, Ethiopia, India, Nigeria, 
and the USA.10 Adolescent pregnancy poses a threat to both 
mother and newborn baby because adolescent girls are not 
physically mature and might enter pregnancy with depleted 
nutrition reserves and anaemia.10 Pregnancies in adolescents 
have a higher risk of adverse birth outcomes than do pregnancies 
in older women, with a 50% increased risk of stillbirths and 
neonatal deaths, and increased risks of preterm birth, low 
birthweight, and asphyxia.11–13 Moderate preconception anaemia 
makes the risk of fetal growth restriction signifi cantly higher 
(odds ratio [OR] 4·6, 95% CI 1·5–13·5) and increases the risk of 
low birthweight (6·5, 1·6–26·7).14 Adolescents are also especially 
prone to complications of labour and delivery, such as obstructed 
and prolonged labour, vesico-vaginal fi stulae, and infectious 
morbidity.13 Abstinence-focused education and contraceptive 
availability in combination can reduce adolescent pregnancy by 
15% (relative risk [RR] 0·85, 95% CI 0·74–0·98), whereas 
abstinence education alone can reduce repeat pregnancy in teen 
mothers by 37% (RR 0·63, 95% CI 0·49–0·82). Contraceptive 
distribution alone does not have any signifi cant eff ect on either 
index pregnancy or repeat pregnancy in adolescent girls. Primary 
prevention strategies to reduce unintended pregnancies in 
adolescents, including sex education sessions, school-based 
clinics, and family planning clinics, can signifi cantly reduce the 
number of unintended pregnancies (RR 0·77, 95% CI 0·64–0·92) 
and increase contraceptive use by adolescent girls, with a 
non-signifi cant eff ect on delaying initiation of sexual 
intercourse, repeat pregnancy, and sexually transmitted 
infections.15,16 School-based health centres seem to be most 
eff ective when contraception provision is made available on site 
and can be eff ective in preventing repeat adolescent 
pregnancies; however, the available evidence is insuffi  cient in 
terms of both quality and quantity.17,18 Adolescents taking part in 

a home-visiting programme and enhanced well-baby care 
programme are less likely to have a second birth in 2 years, and 
teenagers in a structured home-visiting programme are more 
likely to use contraception at 6 months than those who have 
standard home visits (OR 3·24, 95% CI 1·35–7·79).19

In addition to early pregnancy, studies have also shown that 
inter-pregnancy intervals of less than 12 months or longer than 
60 months have an adverse eff ect on maternal and perinatal 
outcomes, with a J-shaped dose–response relation for perinatal 
outcomes.20–22 Short inter-pregnancy intervals are associated with 
a 32% increased risk in maternal anaemia, a three-times higher 
risk of uterine rupture, and 42% increased risk for stillbirths. Short 
and long intervals were shown to be associated with greater risks 
of preterm birth (OR 1·45 and 1·21, respectively) and low 
birthweight (OR 1·65 and 1·37, respectively) and a slightly 
increased risk of infants being small for gestational age 
(OR 1·17 and 1·18, respectively). Interventions to communicate 
the eff ectiveness of contraceptives in preventing pregnancy have 
shown encouraging results but interventions vary greatly in the 
trials assessed. Such trials also need to include whether the 
methods used to assess knowledge or attitudes were tested for 
validity or reliability and follow-ups should also be done to assess 
retention of knowledge over time.23 The eff ects of educational 
interventions for post-partum mothers about contraceptive use 
show that half of these post-partum interventions led to fewer 
repeat pregnancies or births or increased use of contraceptives and 
that these were more eff ective for interventions with several 
sessions but would need to be adapted for other locations and 
then retested.23 Community-based interventions and antenatal 
contraceptive counselling improve uptake of copper intrauterine 
devices, which is one of the most eff ective reversible contraceptive 
methods, although a cost-benefi t analysis may be needed to 
assess applicability.24 A woman’s nutritional status also needs to be 
optimised before she enters pregnancy. One such intervention—
periconceptional folic acid supplementation—is associated with a 
72% reduction in risk of development of neural tube defects and a 
68% reduction in risk of recurrence compared with either no 
intervention, placebo, or micronutrient intake without folic acid.25
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risks of pre-eclampsia (by 17%), preterm birth (8%), and 
small for gestational age infants (10%).44,45 These drugs 
might be benefi cial to prevent pre-eclampsia and improve 
maternal care in health systems.

An estimated 60 million women of reproductive age 
have type 2 diabetes, and gestational diabetes aff ects up 
to 15% of pregnant women worldwide.46 Gestational 
diabetes creates an excess risk of adverse birth 
outcomes.47,48 Preconception dietary advice and 
counselling can reduce the mean concentration of 
glycated haemoglobin (HbA1c) during the fi rst trimester 
of pregnancy, and can also reduce congenital 
malformations (by 70%) and perinatal mortality (69%).49 
Intensifi ed management including dietary advice, 
monitoring, or pharmacotherapy for women with 
gestational diabetes results in a 54% reduction in birth 
of macrosomic babies compared with conventional 
management.49 Although most of the evidence is from 
high-income countries, these interventions can also 
improve maternal and newborn outcomes in low-income 
and middle-income countries.

Maternal undernutrition is a risk factor for infants 
being small for gestational age. General nutrition 
interventions include dietary advice to pregnant women, 
specifi c micronutrients and balanced protein energy 
supplements to malnourished women, and prescription 
of low-energy diets to overweight pregnant women or 
those with excessive weight gain in early pregnancy.

Iron defi ciency is the most common cause of anaemia 
in pregnancy and iron and folic acid supplements are 
recommended for prevention.50 However, in view of the 
widespread multiple micronutrient defi ciencies in 
women of reproductive age worldwide,51 replacement of 
iron folate supplements with multiple micronutrient 
supplements has been recommended and could have 
additional benefi ts on reducing small for gestational age 
births.8 Calcium supplementation during pregnancy in 
populations with low calcium intake can lower the risk of 
gestational hypertension and pre-eclampsia, reduce the 
risk of preterm births, and improve birthweight.52

The causes and risk factors overlap for stillbirth and 
intrauterine growth restriction. Early antenatal detection 
of intrauterine growth restriction and then appropriate 
treatment and timely delivery could minimise the risks 
of adverse outcomes and has been shown to be cost 
eff ective for middle-income countries according to a 
modelling exercise.4 One possible treatment is low-dose 
heparin, although this therapy is yet to be tested in low-
income and middle-income countries.53 Detection based 
on low maternal body-mass index, symphysial fundal 
height measurement, and targeted doppler 
ultrasonography could help in the identifi cation of 
fetuses at risk of intrauterine growth restriction who 
should be delivered early, which could potentially reduce 
stillbirths by 20% according to a Delphi consensus 
panel.54 However, this strategy needs further assessment 
in low-income and middle-income countries because of 

its high cost and the potential associated risks regarding 
increased preterm birth in the absence of high-quality 
neonatal intensive care.54

The risk of RhD alloimmunisation during or 
immediately after a fi rst pregnancy is about 1% and 
administration of 100 μg (500 IU) anti-D to women in 
their fi rst pregnancy can reduce this risk to about 0·2%.55 
Anti-D, when given within 72 h after childbirth, 
signifi cantly reduces the risk of RhD alloimmunisation 
(by 90%),56 whereas administration during the last 
trimester (usually at 28 weeks) will prevent almost all of 
the remaining 10% risk.55 Prophylaxis is also 
recommended to be given post-abortion, although the 
evidence to support this treatment approach is not clear.57 
Recent estimates show a substantial burden of both 
death and disability caused by this preventable disorder, 
and new focus is needed to reduce the cost of anti-D so 
that it can be made universally available.58

Maternal mental health disorders can signifi cantly 
aff ect the health of both the mother and the newborn 
baby. Although the benefi t of maternal mental health 
interventions, especially cognitive behavioural therapy, is 
well recognised,59,60 reviews about antidepressants for 
treatment of antenatal depression show confl icting 
reports about the benefi ts and risks.61

Substance misuse during pregnancy consists of the 
use of illicit drugs, alcohol, or smoking, and can aff ect 
maternal and fetal health and development. Although 
neonatal withdrawal syndrome can be managed,62,63 few 
proven interventions can reduce maternal drug misuse 
and its eff ects on newborn outcomes. By contrast, 
promising evidence suggests that a decrease in the 
prevalence of smoking could reduce preterm births and 
low birthweight in some countries (appendix pp 26–27).

Interventions during labour and birth
Interventions during and close to labour include obstetric 
care (monitoring of labour and assisted vaginal delivery 
or caesarean section), skilled delivery, and management 
of preterm labour and post-term pregnancy (appendix 
pp 15–17).

In obstetric care, the potential benefi ts of partogram 
use and cardiotocography with intermittent auscultation 
of the fetal heart rate on neonatal outcomes in low-risk 
pregnant women are uncertain.64,65 The presence of 
skilled birth attendants and provision of emergency 
obstetric care as needed are the cornerstone of modern 
obstetrics. A Delphi process among experts suggested 
that basic emergency obstetric care could reduce 
intrapartum-related neonatal deaths by 40% and 
comprehensive emergency obstetric care could do so by 
40%, whereas skilled birth care alone without access to 
the emergency component was judged to have a smaller 
eff ect at 25%.66,67

Education and promotion of clean birth behaviours 
results in a 29% increase in the use of sterile cord cutting 
and reductions in perinatal and neonatal mortality 
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(14% and 21%, respectively) (appendix pp 28–29). Hand 
washing with soap and water by traditional birth 
attendants, infants’ caregivers or both reduces the risk of 
omphalitis (by 31%) and neonatal tetanus (42%) 
(appendix pp 30–31). A Delphi-based expert panel 
suggested that clean birth practices could reduce 
neonatal sepsis deaths by 15% at home, by 27% in 
facilities, and by 40% with clean postnatal care practices. 
The panel also estimated that clean birth practices reduce 
neonatal tetanus mortality by 30% in home births, by 
38% in facility births, and by 40% through clean postnatal 
care practices.68

The eff ect of antenatal steroids to manage preterm 
labour is mediated through overall acceleration of fetal 
maturity, and has shown to reduce respiratory distress 
syndrome by 34%, cerebroventricular haemorrhage by 
46%, and the risk of neonatal deaths by 31%.69,70 This 
intervention is also associated with reduced need for 
ventilation so will probably have a greater eff ect in 
settings without intensive care, and a subgroup analysis 
of evidence from low-income and middle-income 
countries suggests that the eff ect on neonatal mortality 
eff ect is indeed bigger than in high-income countries at 
53%.69 Antibiotics administered for preterm, premature 
rupture of membranes reduces the risk of respiratory 
distress syndrome by 12% and early-onset postnatal 
infection by 39%.71

A policy of labour induction at term or post-term (at 
41 weeks or more), when compared with spontaneous 
labour or later induction, was associated with 69% fewer 
perinatal deaths and 50% reduction in risk of meconium 
aspiration syndrome.72 However, the costs and increased 
risk associated with the detection and induction of labour 
for post-term pregnancies do not yet support 
implementation of this approach in low-income and 
middle-income countries.4

Interventions for immediate care for every newborn baby
Interventions at birth for every newborn baby include 
immediate drying and stimulation, provision of warmth, 
hygienic care, support for immediate breastfeeding, and 
administration of vitamin K. For babies who do not 
breathe at birth, neonatal resuscitation is crucial, and 
might also include prevention and management of 
meconium aspiration syndrome (appendix pp 18–20).

Cleansing of the umbilical cord with antiseptics can 
reduce risk of infection, and application of chlorhexidine 
to the cord stump in community settings is associated 
with a 27% reduction in the incidence of omphalitis and 
23% reduction in risk of neonatal mortality.73,74 Delayed 
cord clamping in preterm newborns is associated with a 
39% reduction in the need for blood transfusion, a 41% 
reduction in the risk of intraventricular haemorrhage, 
and a 38% reduction in risk of nectrotising enterocolitis.75

In view of the raised risk of neonatal mortality with 
hypothermia, thermal care is important for every newborn 
baby. Plastic wraps, when combined with other 

environmental heat sources, are eff ective in reducing 
hypothermia in preterm babies during stabilisation and 
transfer within the hospital. Some evidence supports a 
benefi cial eff ect of delayed bathing and head covering on 
hypothermia in term and preterm babies. However, only a  
few small, underpowered studies have sought to quantify 
the eff ect of common thermal care interventions on 
neonatal mortality in low-income and middle-income 
countries (appendix p 32). A Delphi-based expert panel 
provided estimates for the eff ect of three thermal care 
practices (delayed bathing, head covering, and skin-to-skin 
care) and suggested that these methods could avert 20% of 
neonatal deaths caused by preterm birth complications 
and 10% of deaths in full-term or moderately preterm 
babies caused by infection (appendix p 32).

Initiation of breastfeeding within 1 h of birth, exclusive 
breastfeeding of infants until 6 months of age, and 
continuation of breastfeeding until 2 years of age are 
strongly recommended.76 Although descriptive analyses 
suggest that early initiation of breastfeeding can reduce 
neonatal mortality by 44%,77 in exclusively breastfed 
infants the risk of all-cause neonatal mortality did not 
diff er between early and late initiators. Education and 
counselling interventions have been shown to improve 
exclusive breastfeeding rates by 43% at day 1 and by up to 
30% by 1 month of age, and this can be included in 
maternal and newborn home visit programmes that are 
presently being scaled up.78

When given to infants of very low birthweight, oral or 
intramuscular vitamin A supplementation is associated 
with slightly reduced neonatal mortality.79 Asian studies 
have shown that neonatal vitamin A reduces the risk of 
mortality at 6 months of age by 14%, with evidence of 
benefi t in populations at risk of maternal vitamin A 
defi ciency, although results from Africa are awaited.80 
Vitamin K is given prophylactically after birth to prevent 
vitamin K defi ciency bleeding and is especially important 
for babies who are exclusively breastfed. In the absence 
of vitamin K prophylaxis, the risk of such bleeding is 
0·4–1·7% and one dose of intramuscular vitamin K can 
reduce this risk on days 1–7 after birth and improve 
coagulation indices.81

Interventions for small and ill newborn babies
Interventions for small and ill newborn babies include 
prevention of hypothermia; management of respiratory 
distress syndrome, neonatal pneumonia, sepsis and 
hyperbilirubinaemia; and innovations for skin care 
including emollient and massage therapy (appendix 
pp 21–22).

Kangaroo mother care involves a package of early and 
continuous skin-to-skin contact, breastfeeding support, 
early discharge from hospital, and supportive care in 
stable neonates. This care package in preterm neonates 
(<2000 g birthweight) in hospitals is associated with 
reduced risk of neonatal mortality (by 51%),82 
nosocomial infection or sepsis (by 58%), hypothermia 
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(by 77%), and shorter length of hospital stay.83 Kangaroo 
mother care also leads to a 27% increase in 
breastfeeding rates at 1–4 months after birth and 
increased breastfeeding duration.84 So far, insuffi  cient 
evidence exists to recommend community initiation of 
kangaroo mother care, but strong evidence supports 
the use of this care approach post-discharge to reduce 
both later mortality and also improve breastfeeding 
rates. High-income countries are taking up kangaroo 
mother care because of its long-term developmental 
benefi ts.

Perinatal respiratory depression caused by intrapartum 
hypoxic events or preterm birth increases the risks of 
mortality, neonatal encephalopathy, and long-term 
disability. Resuscitation training in facilities reduces 
intrapartum-related neonatal deaths by 30% and early 
neonatal deaths by 38%.85 Although some community-
based studies of resuscitation have shown benefi t, 
further evidence is needed from large-scale 
implementation eff orts, especially regarding cost-
eff ectiveness and sustainability (appendix p 33).

The use of anticonvulsants in encephalopathic 
asphyxiated newborns has no additional benefi t86 
(appendix pp 34–35). Evidence, mostly from high-income 
settings, suggests that therapeutic hypothermia could 
reduce neonatal mortality by 25% and major 
neurodevelopmental disabilities by 23%.87 A more recent 
review from low-income and middle-income countries 
suggests similar benefi t, although concerns persist about 
scale-up in low-income and middle-income countries 
because of the high underlying rates of infection.88 

Meconium aspiration syndrome can accompany 
intrapartum complications, although evidence for 
eff ective, feasible interventions is scarce (appendix 
pp 36–39).

Continuous positive airway pressure in spontaneously 
breathing preterm infants with respiratory distress 
syndrome reduces both intensive care admissions (by 
53%) and mortality (48%).89 Most trials of this procedure 
analyse specifi cs in the context of wide use of ventilation, 
such as reduced time to extubation wth continuous 
positive airway pressure. A few more recent but small 
studies have assessed the use of continuous positive 
airway pressure versus no ventilation in South Africa90 
and Malawi91 with encouraging results. Further research is 
needed before wide-scale implementation in low-income 
and middle-income countries.

Prophylactic intratracheal administration of animal-
derived surfactant reduces the risks of pneumothorax (by 
60%), pulmonary interstitial emphysema (54%), and 
neonatal mortality (40%).92 Similarly, the use of animal-
derived surfactant in preterm infants with established 
respiratory distress syndrome is associated with 
substantial decreases in risks of pneumothorax (by 58%), 
pulmonary interstitial emphysema (55%), and neonatal 
mortality (32%).93 Further research eff orts are needed to 
develop a low-cost surfactant.

In developed countries, facility-based neonatal care is 
usual practice and historical trends clearly show the 
eff ect on reducing neonatal mortality. Hospital-based 
care of neonates has become increasingly sophisticated 
with improving understanding of physiology and disease, 
and the development of new technologies (eg, ventilators, 
monitoring devices, and laboratory investigations) and 
treatments (eg, surfactant, parenteral nutrition, 
indomethacin, and caff eine). Low-income and middle-
income countries have followed this trend with the 
establishment of neonatal care units, often in the private 
sector or in referral hospitals in urban settings.94

Specifi c evidence for the eff ectiveness of the package 
of hospital-based care for ill and preterm infants is 
scarce in both high-income countries and in low-
income and middle-income countries since trials tend 
to focus on the incremental gains of single 
interventions. We undertook a Delphi consultation on 
the eff ectiveness of two hospital-based supportive care 
packages: secondary level care (including kangaroo 
mother care, provision of warmth, feeding support/ 
intravenous fl uids, infection management, oxygen, and 
management of neonatal jaundice) and tertiary level 
care (including additional surfactant and/or nasal 
continuous positive airway pressure or intermittent 
positive pressure ventilation as needed). The 
consultation suggested that secondary and tertiary level 
care could prevent 70% and 90% of deaths in preterm 
infants, respectively (appendix pp 40–45).

The rapid detection and optimum treatment of 
suspected neonatal bacterial infections, such as 
pneumonia and sepsis, is essential. Oral antibiotics 
administered in community settings can reduce all-cause 
neonatal mortality by 25% and pneumonia-specifi c 
mortality by 42%.95 Although the evidence for the use of 
injectable antibiotics in community settings shows 
signifi cant reductions in mortality in infected newborn 
babies, implementation at scale has not yet been 
reported. Recent fi ndings from studies of simplifi ed 
antibiotic regimens in Asia and Africa suggest that 
newborn infants with potentially serious bacterial 
infections can be identifed by community health workers 
and can be successfully given injectable antibiotics in 
fi rst-level facilities (Bahl R [WHO, Geneva, Switzerland], 
personal communication).

Premature and small for gestational age infants are at 
high risk of pathological hyperbilirubinaemia that can 
lead to bilirubin encephalopathy.58 Phototherapy is the 
most common treatment for neonatal hyper bilirubinaemia 
and is eff ective in preventing the sequelae of the disorder.96

Topical emollient therapy can reduce the risk of hospital-
acquired infections (by 50%), improve weight gain (by 
98 g), and reduce neonatal mortality (by 27%).97 Massage 
therapy with or without emollients might have several 
benefi ts in preterm infants in low-income and middle-
income countries but this approach needs to be assessed 
further (appendix p 46).
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Delivery platforms and strategies to reach mothers and 
neonates in the greatest need
Although we have a reasonable repertoire of evidence-
based interventions, the eff ect on the population depends 
on the achievement of high coverage and on reaching 
unreached groups. The introduction of mHealth also 
opens the door to effi  ciently reaching households and 
health workers (appendix p 47). Several approaches could 
be instrumental in the scale-up of evidence-based 
interventions.

First, community-based delivery platforms, especially 
when linked to local health facilities, can not only 
increase the coverage of essential interventions but also 
reduce inequities (appendix pp 48–49). A recent review 
assessing the eff ectiveness of community-based 
intervention packages shows benefi ts on reducing 
maternal morbidity (by 25%), stillbirths (19%), perinatal 
mortality (23%), and neonatal mortality (26%).98 Many of 
these eff ects operate through changes in household 
behaviours and practices, such as improved tetanus 
immunisation rates, use of clean birth kits, facility births, 
early initiation of breastfeeding, and seeking of health 
care for neonatal illnesses.

Community mobilisation and antenatal and postnatal 
home visits by community health workers should 
complement facility-based care and promote family 
contact with the health system at crucial times, with 
consequent reductions in neonatal mortality (by 40%).98 
Concomitant gains are provided by newborn care 
practices such as early initiation of breastfeeding, 
exclusive breastfeeding, delayed bathing, and clean cord 
care. When referral is not possible, home-based care of ill 
neonates is feasible and has been shown to be eff ective in 
India,99 Bangladesh,100 and Zambia.101

An important aspect of such community platforms is 
the creation of demand for services and changes in 
household practices. A recent review on women’s groups 
facilitated by workers to discuss and solve related 
problems showed a signifi cant eff ect on reducing 
neonatal mortality by 20%.102 These approaches can have 
a huge eff ect on empowering communities, improving 
household practices, and promoting demand for better 
maternal and newborn care.

Notwithstanding good-quality maternal and newborn 
care in facilities, suffi  cient evidence supports scale-up of 
community-based packages of preventive and basic care, 
which can be promoted through a range of outreach 
workers and women’s groups. A combination of these 
approaches, empowerment of women through community 
mobilisation and support groups, outreach community 
health workers, and promotion of transport to referral 
facilities are needed as a logical step to scale-up coverage.74

Child health days have been introduced in some 
contexts as a strategy to rapidly scale-up essential child 
survival interventions, including vitamin A 
supplements, immunisations, insecticide-treated 
bednets, and deworming, among others. Several new 

elements can be included within such approaches, for 
example, maternal antenatal care, micronutrient 
supplements, birth registration, and behavioural change 
communication to support early initiation of breast-
feeding and exclusive breastfeeding.103

Although integrated management of childhood illness 
initially excluded the fi rst week of life, the strategy was 
explicitly modifi ed in some countries to include this 
period. This new approach has now been shown to have 
good sensitivity for the diagnosis and referral of young 
infants with severe illnesses104,105 and for improving the 
quality and cost-eff ectiveness of ambulatory care.106,107 
Although information about newborn outcomes and 
eff ects is scarce, integrated management of neonatal and 
childhood illnesses has been shown to reduce neonatal 
mortality when implemented at scale.106

Financial incentives are used widely as policy strategies 
to ameliorate poverty, reduce fi nancial barriers, and 
improve health outcomes in poor populations. A review 
of fi nancial platforms to improve basic and emergency 
obstetric care showed that maternal voucher schemes 
improved the use of a range of maternal and newborn 
health services and outcomes,108 including increased 
institutional births with voucher schemes, community-
based health insurance, and exemptions from user fees. 
Voucher schemes led to increased use of antenatal care 
and higher skilled birth attendance.108 Evidence exists for 
the benefi ts of conditional cash transfers on maternal 
care seeking and improved rates of institutional 
deliveries.109 India’s conditional cash transfer scheme 
(the Janani Suraksha Yojana) had an impressive effect on 
increasing the number of births in facilities, but was only 
associated with a modest reduction in perinatal and 
neonatal mortality, possibly because the quality of facility 
care provided was low.110 Conditional and unconditional 
cash transfers have also improved birth registration111 and 
hold promise in reducing inequities.

Improvement of quality of maternal and newborn care
Despite existing evidence-based interventions to prevent 
and successfully manage major causes of maternal and 
newborn morbidity and mortality,112 the delivery and 
distribution of these services is often inadequate.112,113 The 
quality of care received by women and newborn babies in 
poor and marginalised populations is insuffi  cient and 
could contribute to low use of services and high rates of 
morbidity and mortality.114–116 Although evidence from 
formal trials is scarce, improvement of the quality of care 
at all tiers of the health system could off er a major 
opportunity for change (panel 2).

Modelling of the cost and eff ect on stillbirths 
and maternal and neonatal mortality
Methods
We selected interventions from those reviewed, based 
on evidence of benefi ts as described here and extensively 
in previous publications. The cause-specifi c eff ects of 
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these interventions on stillbirths and neonatal mortality 
are presented in table 2 and appendix pp 50–64. We 
used the Lives Saved Tool (LiST) to model the eff ect of 
these interventions within the health systems of 
75 Countdown countries that together account for more 
than 95% of maternal, neonatal, and child deaths 
worldwide. LiST works by estimating the country-by-
country cause-specifi c eff ects of increasing coverage of 
individual interventions from baseline levels of 2012 on 
stillbirth and neonatal and maternal mortality (panel 3) 
(appendix pp 65–67).

To calculate the costs of these packages of care we 
used an ingredient-based approach for each of the 

75 Countdown countries to estimate the incremental 
running cost of the higher coverage for selected 
interventions in terms of people time, commodites, 
amortised facility costs, and other inputs as detailed in 
panel 3 and appendix pp 68–80). This calculation does 
not include specifi c infrastructure investments that 
might be needed since these are more specifi c to 
context. These methods are broadly consistent with 
other recent multi-country costing work, except for one 
recent model127 in which general health system 
strengthening costs were included for a wide range of 
interventions and scenarios (table 3 and appendix 
pp 68–80).

 Panel 2: Quality of care

Audits and feedback mechanisms
A review showed that audits and feedback mechanisms led to 
an absolute increase in health-care professionals’ compliance 
with desired practice.117 The median adjusted percentage change 
compared with control was 1·3% (IQR 1·3–28·9), and feedback 
mechanisms also positively aff ected various patient outcomes, 
with a median percentage change of 17% (IQR 1·5–17).117 
Multivariate meta-regression indicated that these mechanisms 
might be more eff ective when repetitive, with low baseline 
performance, and when feedback is provided by a supervisor or 
colleague and is given in both verbal and written formats, 
including both explicit targets and an action plan.

Training of care providers
A review found two randomised controlled trials, the fi rst of 
which showed that newborn resuscitation training was 
associated with a signifi cant improvement in performance of 
adequate initial resuscitation steps (relative risk [RR] 2·45, 
95% CI 1·75–3·42) and a reduction in the frequency of 
inappropriate and potentially harmful practices (mean 
diff erence 0·40, 95% CI 0·13–0·66).118 In the second trial 
included in the review, assessment of breathing and newborn 
care practices in the delivery room improved following 
implementation of essential newborn care training. 
Implementation of the Helping Babies Breathe programme in 
eight health facilities in Tanzania was associated with a 
signifi cant reduction in neonatal deaths (RR 0·53, 95% CI 
0·43–0·65) and rates of fresh stillbirths (RR 0·76, 95% CI 
0·64–0·90).119

Paying health workers for performance
A review of interventions including target payments linked to 
coverage and quality of care or conditional cash transfers 
without quality measures showed that these approaches have 
some benefi ts. Most of the interventions used a wide range of 
targets covering inpatient, outpatient, and preventive care, 
including a strong focus on services for women and children. 
Almost all dimensions of potential eff ect remain understudied, 
including intended and unintended eff ects on health outcomes, 
equity, organisational change, user payments and satisfaction, 
resource use, and staff  satisfaction.120

Safe childbirth checklist
This approach tries to emulate the success of aviation industry 
in improving quality and reducing the risk of accidents through 
the use of checklists. A safe childbirth checklist has been shown 
to improve quality of maternal and newborn care in pilot 
settings.121 The eff ectiveness of this checklist is being assessed in 
a large trial in India.

Information systems
Information technology has been used to educate mothers and 
families, send reminders to health providers or mothers and 
families, support health providers in clinical management, and 
to improve supervision and monitoring,122,123 all of which have 
the potential to improve quality of care. Several assessments of 
this approach are underway.

Social support during pregnancy and labour
Standardised or individualised programmes of additional social 
support throughout pregnancy and during labour, including 
emotional support and provision of information about labour and 
coping techniques, can reduce the risk of antenatal hospital 
admission (RR 0·79; 95% CI 0·68–0·92), caesarean birth 
(0·87; 0·78–0·97), intrapartum analgesia (0·90; 0·84–0·97), 
dissatisfaction (0·69; 0·59-0·79), labour duration (mean diff erence 
–0·58 h; 95% CI –0·86 to –0·30), instrumental vaginal birth 
(RR 0·90; 95% CI: 0·84-0·96) with an increase in spontaneous 
vaginal birth (1·08; 1·04–1·12) although it did not show any eff ect 
on preterm birth, low birthweight, or perinatal mortality.124,125

Breastfeeding support interventions
These interventions, including reassurance, praise, information, 
and staff  training to improve the supportive care, have been 
shown to increase the duration and exclusivity of breastfeeding 
(RR for stopping any breast feeding before 6 months 0·91; 
95% CI 0·88–0·96). However, the eff ectiveness is reportedly 
higher in settings with high initiation rates; hence, strategies to 
increase the uptake of breastfeeding should be in place.126 
Training of traditional birth attendants might lead to improved 
referrals and early breastfeeding with reductions in perinatal 
and neonatal mortality but are not yet integrated with other 
health systems interventions.
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Cause of death or risk 
factor

Neonatal mortality Stillbirths Average 
coverage at 
baseline (%)

2020 
coverage 
target (%)

2025 
coverage 
target (%)

Eff ect size Aff ected
fraction*

Eff ect 
size

Aff ected
fraction*

Preconception nutrition care

Folic acid fortifi cation Congenital anomalies 
(neural tube defects)†

0·35 0·3 0·4 1 ··‡ 70% 90%

Multiple micronutrient 
supplementation

Term and preterm 
small for gestational 
age

0·09 1 ·· ·· ··‡ 70% 90%

Balanced energy supplementation Term and preterm 
small for gestational 
age

0·32 Percentage of 
population living 
on less than 
US$1·25 per day

·· ·· ··‡ 70% 90%

Antenatal care

Tetanus toxoid vaccination Tetanus† 0·94 1 68·2% 90% 90%

Pregnant women exposed to falciparum 
malaria protected via intermittent 
preventive treatment of malaria during 
pregnancy or by sleeping under an 
insecticide-treated net

Term and preterm 
small for gestational 
age†

0·35 Percentage of 
exposed women 
having their fi rst or 
second birth

0·22 Percentage of 
women having 
their fi rst or 
second birth

37·5% 90% (in 
relevant 
countries)

90% (in 
relevant 
countries)

Syphilis detection and treatment Sepsis† 0·97 Based on estimated 
prevalence by 
country

0·82 Based on 
estimated 
prevalence of 
syphilis by country

22·9% 70% 90%

Advanced antenatal care

Detection and management of 
hypertensive diseases of pregnancy 
(including treatment with magnesium 
sulphate)

Antepartum 
stillbirths†

·· Not estimated 
separately to 
obstetric care

0·20 Based on 
estimated 
prevalence of 
hypertensive 
disorders by 
country

··§ 90%|| 90%||

Detection and management of diabetes 
during pregnancy

Antepartum 
stillbirths†

·· Not estimated 
separately to 
obstetric care

0·10 Based on 
estimated 
prevalence of 
diabetes by 
country

··§ 90%|| 90%||

Detection and management of fetal 
growth restriction

Antepartum 
and intrapartum 
stillbirths†

·· 0·20 1 ··§ 90%|| 90%||

Induction of labour for pregnancy 
>41 weeks

Antepartum 
and intrapartum 
stillbirths†

·· CEmOC 
facility births

0·69 0·04 ··§ 90%|| 90%||

Care during labour and childbirth

Clean birth practices

Births at home Sepsis† and tetanus† Sepsis: 0·23; tetanus: 0·35 1 ·· ·· ··§ 90% 90%

Facility births (clinic, BEmOC, or CEmOC 
level)

Sepsis† and tetanus† Sepsis: 0·27; tetanus: 0·38 1 ·· ·· ··§ 90% 90%

Labour and delivery management

Births at home Intrapartum-related† 
and prematurity†

Intrapartum-related: 0·25; 
prematurity: 0·10

1 0·22 1 ··§ 90% 90%

BEmOC facility births Intrapartum-related† 
and prematurity†

Intrapartum-related: 0·40; 
prematurity: 0·10

1 0·40 1 ··§ 90% 90%

CEmOC facility births Intrapartum-related† 
and prematurity†

Intrapartum-related: 0·85; 
prematurity: 0·10

1 0·70 1 ··§ 90% 90%

Antenatal corticosteroids for preterm 
labour in facility births (clinic, BEmOC, 
or CEmOC level)

Prematurity† 0·53 0·8 ·· ·· ··§ 70% of 
facility 
birth

90%

Antibiotics for PPROM in facility births 
(clinic, BEmOC, or CEmOC level)

Prematurity† 
and sepsis†

Prematurity: 0·12; sepsis: 0·08 0.3 (proportion of 
PPROM among 
preterm infants)

·· ·· ··§ 70% of 
facility 
birth

90%

(Table 2 continues on next page)
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Results for estimates of lives saved
On the basis of the coverage listed in fi gure 2 and the 
interventions’ eff ects and targets (table 2), we estimate 
that with high coverage by 2025, 71% (range 56–76%) of 

neonatal mortality, 33% (23–38%) of stillbirths, and 51% 
(44–53%) of maternal deaths could be averted. A breakup 
of the analysis in the modelled countries according to 
neonatal mortality rates1 shows that the largest eff ects of 

Cause of death or risk 
factor

Neonatal mortality Stillbirths Average 
coverage at 
baseline (%)

2020 
coverage 
target (%)

2025 
coverage 
target (%)

Eff ect size Aff ected
fraction*

Eff ect
size

Aff ected
fraction*

(Continued from previous page)

Immediate newborn care

Immediate assessment and stimulation: 
home births

Intrapartum-related† 
and prematurity†

Intrapartum-related: 0·10; 
prematurity: 0·05

1 ·· ·· ··§ 90% 90%

Neonatal resuscitation

Home births Intrapartum-related† 
and prematurity†

Intrapartum-related: 0·20; 
prematurity: 0·05

1 ·· ·· ··§ 70% 90%

Facility births 
(clinic, BEmOC or CEmOC level)

Intrapartum-related† 
and prematurity†

Intrapartum-related: 0·30; 
prematurity: 0·10

1 ·· ·· ··§ 90% 90%

Care of the healthy neonate

Breastfeeding Diarrhoea, 
pneumonia, 
and sepsis

Relative risks for diarrhoea: 
exclusive breastfeeding (1·00); 
partial breastfeeding (2·28); 
predominant breastfeeding 
(4·62); not breastfeeding 
(10·53). Relative risks for 
pneumonia and sepsis: exclusive 
breastfeeding (1·00); partial 
breastfeeding (1·66); 
predominant breastfeeding 
(2·50); not breastfeeding (14·97)

See previous 
column

·· ·· 62·2% 90% 90%

Clean postnatal practices Sepsis† and tetanus† 0·40 for both 1 ·· ·· ··¶ 90% 90%

Chlorhexidine for cord care Sepsis† 0·12 1 ·· ·· ··¶ 70% 90%

Care of the small and ill neonate

Thermal care: home births Prematurity† 0·20 1 ·· ·· ··¶ 70% 90%

Kangaroo mother care 
(clinic or facility level)

Prematurity† 0·40 0·58 ·· ·· ··‡ 90% 90%

Oral antibiotics 
(home or outpatient clinic)

Pneumonia† 0·42 1 ·· ·· ··‡ 70% 90%

Injectable antibiotics (outpatient clinic) Pneumonia† 
and sepsis†

Pneumonia: 0·75; sepsis: 0·65 1 ·· ·· ··‡ 70% 90%

Full supportive care for sepsis and 
asphyxia (facility births: clinic, BEmOC, 
or CEmOC level)

Intrapartum-related 
events†, pneumonia†, 
and sepsis†

Intrapartum-related events: 
0·05; pneumonia: 0·9; sepsis: 0·8

1 ·· ·· ··§ 90% 90%

Secondary level preterm newborn care, 
including kangaroo mother care, 
warmth, feeding/intravenous fl uids, 
oxygen during stabilisation, antibiotics, 
jaundice care, etc (clinic/facility births)

Prematurity† 0·70 1 ·· ·· ··§ 90% 90%

Full supportive care of preterm 
newborns, including treatment with 
CPAP and surfactant, etc, in addition to 
secondary level care (clinic/facility 
births)

Prematurity† 0·90 1 ·· ·· ··§ 90% 90%

Oral rehydration solution Diarrhoea† 0·93 1 ·· ·· 35·1% 90% 90%

BEmOC=basic emergency obstetric care. CEmOC=comprehensive emergency obstetric care. PPROM=preterm premature rupture of membranes. CPAP=continuous positive airway pressure. *Fraction 
aff ected=the proportion of the target population that the intervention will aff ect. †Three values corresponding to low, moderate (shown), and high estimates of effi  cacy for the interventions were applied. For 
interventions with meta-analyses, the 95% confi dence bounds defi ned the low and high estimates of effi  cacy. For interventions when effi  cacy was estimated with a Delphi approach, the IQR was used to provide 
the low and high estimates. ‡‡Estimates were used because baseline coverage data were not available. §Baseline estimates were linked to facility delivery and/or skilled birth attendance coverage. ¶Baseline 
estimates were linked to coverage for visit to a health professional within 2 days of delivery. ||In countries with neonatal mortality rates <30.

Table 2: Interventions modelled for eff ect
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the interventions are in countries with high neonatal 
mortality rates; since 24 countries with rates higher than 
30 per 1000 livebirths account for about two-thirds 

(1·3 million) of the neonatal deaths averted (fi gure 3). The 
top ten countries with maximum lives saved are 
distributed equally between Asia and Africa (appendix 

Panel 3: Methods for modelling and costing

Modelling methods
We modelled the potential eff ect of introducing these interventions within 
health systems of the 75 high-burden Countdown countries. We used a 
standard sequential introduction of the interventions using the Lives Saved 
Tool (LiST), which estimates the eff ect of increased coverage of interventions 
on deaths from one or more causes, or in reduction of the prevalence of a risk 
factor (appendix p 65). For each of the 75 Countdown countries, baseline 
scenarios were created that represent the most up-to-date details about 
health status, including mortality rates,1 stunting and wasting rates,51 and 
median coverage of interventions and other maternal and child health 
indicators based on the most recent data from the United Nations (fi gure 2).
We estimated the eff ects of scale-up of a set of interventions that fall into six 
packages along the continuum of care:
• Preconception nutrition care (balanced energy protein supplementation, 

folic acid supplementation/fortifi cation, and micronutrient 
supplementation [multiple micronutrients, including iron and folic acid])

• Antenatal care (calcium supplementation in at-risk populations, intermittent 
preventive treatment in pregnancy, syphilis detection and treatment, and 
tetanus toxoid vaccination). We also modelled an additional set of more 
complex antenatal care interventions (diabetes case management, fetal 
growth restriction detection and hypertensive disease prevention and case 
management, induction of labour for pregnancies lasting longer than 
41 weeks) for possible eff ect on stillbirths in only in a few countries with 
neonatal mortality rates lower than 30 per 1000 livebirths

• Care during labour and childbirth (active management of the third stage of 
labour, clean birth practices, labour and delivery management, antenatal 
corticosteroids for preterm labour, antibiotics for preterm premature 
rupture of membranes, and magnesium sulphate for pre-eclampsia

• Immediate newborn care (immediate assessment and stimulation, and 
neonatal resuscitation)

• Care of the healthy neonate (breastfeeding, chlorhexidine cord 
application, and clean postnatal practices)

• Care of the small and ill neonate (thermal care, hospital care of preterm 
babies including kangaroo mother care, case management of severe 
neonatal infections, oral antibiotics for neonatal infections, and oral 
rehydration solution for diarrhoea)

Table 2 shows the intervention packages and modelled coverage targets for 
2020 and 2025. For the period before birth, the coverage targets for the seven 
core intervention packages were set at 70% for 2020 and 90% for 2025. For 
interventions at birth, we had a more complex scale-up that addressed the 
quality of service provided and the overall coverage of births occurring in a 
facility. We systematically scaled up the quality of services by scaling up 
assumptions of coverage of the component services that could be provided at a 
low level facility, at a higher level secondary care facility, and at a hospital able to 
provide a full range of tertiary care services. Finally, we also scaled up preventive 
and curative interventions after birth. Here, as was the case with birth care, we 
increased the coverage of quality of care at an appropriate level of care. For 
example, for a premature baby we have three options of care that could be 
provided at diff erent levels of facilities—ie, basic thermal care in lower level 

facilities, followed by kangaroo mother care alone in some of the primary care 
facilities, and then quality secondary and tertiary care at higher level facilities in 
both rural and urban settings. We also ascertained the eff ect by levels of care at 
various time points. Sensitivity analyses to produce diff erent scenarios were 
done for the results estimating eff ect (eg, deaths averted and number of 
deaths). The specifi c scale-up functions are shown in appendix pp 66–67.

Sensitivity analyses to produce diff erent scenarios were done for the results 
estimating eff ect (eg, deaths averted and number of deaths). The sensitivity 
analyses were based upon varying the assumptions of effi  cacy for the modelled 
interventions. Three diff erent scenarios were created using the same levels of 
baseline coverage, scale-up patterns, and achieved targets but the eff ectiveness 
of the interventions to reduce cause-specifi c maternal, neonatal, or stillbirth 
deaths was varied according to the ranges reported for specifi c interventions. 
These ranges represent the lowest, intermediate, and highest estimates of 
effi  cacy or eff ect for the interventions. For estimates of intervention 
eff ectiveness derived from meta-analyses, the 95% CIs were used to defi ne the 
upper and lower bounds. For interventions in which effi  cacy was estimated with 
a Delphi approach, the interquartile range (IQR) was used to defi ne the low and 
high estimates. 

Costing methods
We used the LiST costing sub-module to assess the running costs of the 
interventions for which we used an ingredients-based approach. The costing 
sub-module draws its assumptions about staffi  ng, drugs, and need for 
services from the the United Nation’s OneHealth Tool database—another 
module within the overall Spectrum software package.127 As with OneHealth, 
the costing module adjusts personnel costs based on regional variation in 
costs and costs by location and type of service provider. This approach has 
been used in previous studies building on others to analyse costs for 
interventions to address interventions for stillbirths,4 childhood pneumonia 
and diarrhoea,128 and maternal and childhood malnutrition.8 A similar 
approach that used the OneHealth Tool was published recently in a report that 
developed a global investment case for maternal and child health and 
survival.127 More details about the costing approach and inputs are available in 
appendix pp 68–80. The cost estimates reported incremental costs for 
increasing coverage to the target levels in 2020 and 2025 from the levels of 
coverage in 2012. All the costs are reported in US$. 

Clear limitations exist to the estimated eff ect and costs of scaling up of the 
package of interventions to reduce neonatal mortality. Although we believe 
that the levels of coverage are achievable, they are not rapidly achievably in all 
countries. To reach the levels of coverage in 2025, many countries will need to 
scale-up coverage at a rate many times higher than they have done in the past. 
This goal is challenging since hospital-based services such as comprehensive 
emergency obstetric care, and inpatient care of preterm newborns and 
neonatal sepsis need more investment in reliable referral system and in 
infrastructure and especially human resources if they are to reach the coverage 
levels used in these analyses. Illustrative fi nancing for these costs at various 
amounts of coverage have recently been published127 and, similar to other 
recent reports,4,8,128 the main focus of our paper is on running costs. 
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p 81). Our analysis suggests that India, Nigeria, and 
Pakistan would benefi t the most in terms of absolute lives 
saved, and the top fi ve countries account for 57% of the 
total reduction in mortality. An important aspirational 
goal relates to the scale-up of quality secondary and tertiary 
newborn care in facility settings (appendix p 83) and the 
missed opportunity and quality gap around maternal and 

newborn care. If 90% of all women giving birth in facilities 
in 2020 were recipients of the highly eff ective interventions 
that they and their babies should receive, this would 
contribute to the prevention of an estimated 113 000 
maternal deaths (84% of the total deaths averted by 2020), 
531 000 stillbirths (76%), and 1·325 million neonatal 
deaths (77%), including 300 000 preterm deaths (table 4).

Countries Interventions Year of baseline 
coverage 
(endline year)

Target coverage 
(%)

Costing methods Total additional 
annual cost

Cost per 
person (total 
population)

Child survival 
series (2005)129

42 23 neonatal and child 
interventions

2000 (2015) 99% Ingredients-based running costs with human 
resource time based on normative delivery 
schedule and amortised facility costs, plus 
additional training supervision and M&E time

$5·1 billion 
(2004 US$)

$1·23

Neonatal series 
(2005)5

75 16 neonatal interventions 
(7 of the 8 neonatal in the 
child survival series)

2000 (2015) 90% Ingredients-based running costs with human 
resource time based on normative delivery 
schedule and and amortised facility costs, plus 
additional training supervision, M&E time

$4·1 billion 
(2004 US$)

$0·96

Countdown to 
2015 (2005)130

60 32 maternal, neonatal, 
and child interventions

2005 (2015) 99% Ingredients-based running costs with human 
resource time based on normative delivery 
schedule and amortised facility costs , plus 
additional training supervision, M&E time

$7 billion (range 
$4·6 billion–10·7 
billion) (2004 
US$)

$1·62

World Health 
Report (2005)131

75 67 maternal, newborn, 
and child health 
interventions and services 
(23 for maternal and 
newborn)

2005 (2015) 95% Bottom-up ingredients-based approach $7·8 billion 
(2004 US$)

$1·05

Guttmacher 
Institute 
(2009,132 revised 
in 2010133)

United Nations 
Development 
Programme 
developing 
countries (all 
countries except 
for Australia, 
Canada, Japan, 
New Zealand, 
USA, and all 
European nations)

26 reproductive, 
maternal, and newborn 
interventions

2008 (2015) Universal coverage 
(100% met need 
for family planning 
interventions)

Direct costs based on theUnited Nation 
Population Fund’s Reproductive Health 
Costing Tool. Indirect costs include overhead 
costs for programme management, 
supervision, health education, monitoring 
and assessment, advocacy, human resources 
training, information systems, commodity 
supply systems, and capital costs for 
maintenance and expansion of the physical 
capacity of health facilities

$12·8 billion 
($3·6 billion for 
family planning, 
$9·2 billion for 
maternal and 
neonatal care)
(2008 US$)

$2·23

Taskforce for 
Innovative 
International 
Financing for 
Health Systems 
(2010)134

49 low-income 
countries (not 
including China 
and India)

135 maternal, newborn, 
child, and infectious 
disease interventions

2008 (2015) No specifi ed target WHO normative approach and MBB tool. 
Ingredients-based approaches are for health 
systems strengthening (eg, new facilities) and 
demand-side fi nancing (eg, incentives). These 
costs include costs for health systems 
strengthening (74% of WHO normative and 
62% of MBB estimated costs)

$18·6–
36·5 billion 
(MBB) 
$45·2–58 billion 
(WHO normative) 
(2005 constant 
costs)

$24 (MBB)
$29 (WHO 
normative)

Commission of 
Macroeconomics 
and Health135

All low-income 
and middle-
income countries

Interventions not defi ned 2002 (2015) No specifi ed target ·· $94 billion 
additional 
($38 billion from 
donors) (US$; 
year not clear)

··

Stillbirth series 
(2011)4

68 15 maternal and perinatal 
interventions (10 with 
eff ects on stillbirths)

2008 (2015) 99% Ingredients-based running costs with human 
resource time amortised facility costs based 
on the Lives Saved Tool costing method, 
UNICEF drug costs, and WHO-CHOICE inputs

$10·9 billion 
(2008 US$)

$2·32

Diarrhoea and 
Pneumonia 
Series (2013)128

75 15 child interventions 2011 (2025) 80% for all 
interventions 
except vitamin A 
supplementation 
and vaccines, for 
which 90% target 
coverage was used

The costs were based on four components: 
personnel and labour, drugs and supplies, 
other direct costs, and indirect costs. 
Assumptions were obtained for time needed 
for an intervention and costs for drugs and 
supplies from the One Health Model 
developed by the UN

$6·715 billion 
(2011 US$)

NA

Nutrition Series
(2013)8

75 10 maternal and child 
nutrition interventions

2011 90% Ingredients approach to work out the cost of 
nutrition interventions, based on the United 
Nations OneHealth Tool

$9·6 billion 
(2011 US$)

NA

(Table 3 continues on next page)
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In a comparison of the eff ects across the continuum of 
care, about half of the eff ect on neonatal mortality is from 
interventions delivered to the mother (48%) and the 
remainder from interventions delivered to the newborn 
infant (52%). The maximum gains (41% of all neonatal 
deaths averted) occurred with interventions delivered 
during labour and childbirth, followed by care of the small 
and ill neonate (30%), care of the healthy neonate (12%), 
and immediate newborn care (10%), which emphasises 
the importance of interventions during the period around 

birth (fi gure 4). Similarly, for stillbirths, the maximum 
benefi t was noted from appropriate care during labour 
and childbirth including complications (70% of all 
stillbirths averted), followed by enhanced antenatal care 
focused on the detection of complications (21%).

In terms of the eff ect of intervention scale-up by 2025 
on major causes of neonatal mortality, deaths caused by 
prematurity could be reduced by 58%, intrapartum-
related deaths by 79%, and those related to serious 
infections by 84% (appendix p 82). Assessment of 

Countries Interventions Year of baseline 
coverage 
(endline year)

Target coverage 
(%)

Costing methods Total additional 
annual cost

Cost per 
person (total 
population)

(Continued from previous page)

Investment 
Framework for 
Women’s and 
Children’s Health 
(Lancet Global 
Health 2035) 
(2013) 122

74 Health systems 
strengthening and six 
investment packages for 
maternal and newborn 
health, child health, 
immunisation, family 
planning, HIV/AIDS, and 
malaria. Nutrition was a 
cross-cutting theme

2012 (2035) 95% OneHealth Tool, which takes an integrated 
approach to the assessment of costs and 
health benefi ts and incorporates interlinked 
epidemiological reference models such as the 
Lives Saved Tool, the AIDS Impact Model for 
HIV/AIDS interventions, and the FamPlan 
model which computes the association 
between contraceptive use and the total 
fertility rate

$30 billion (2011 
US$)

$5 per person 
per year up to 
2035

Every Newborn 
Series 2014 
(current)

75 27 reproductive, 
maternal, and newborn 
interventions

2012 (2025) 90% Lives Saved Tool model estimated basic 
running costs for provision of services without 
including additional infrastructure costs

$5·65 billion 
(2012 US$)

$1·15 
per person

M&E=monitoring and evaluation. MBB=marginal budgeting for bottlenecks. NA=not available.

 Table 3: Comparison of multi-country costing exercises of relevance to maternal, newborn, and child health

Figure 2: Coverage of selected interventions* in the 75 Countdown countries (weighted average)
IPTp=intermittent preventive treatment in pregnancy. ITN=insecticide-treated bednets. PPROM=preterm premature rupture of membranes. *Interventions modelled 
and not shown on graph have estimated coverage below 10% in the 75 Countdown countries.
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specifi c interventions aff ecting these three major 
causes of neonatal mortality shows that appropriate 
care at birth (70%) and neonatal resuscitation (22%) are 
responsible for most intrapartum-related deaths 
averted, whereas hospital care of preterm babies 
including kangaroo mother care (50%) and scale-up of 
antenatal steroids (31%) are responsible for most 
preterm-related deaths averted. Appropriate case 
management of serious infections (24%) and clean 
postnatal care practices (24%) were responsible for 
most of the reduction in infection-related deaths 
(fi gure 5). 

The eff ect of provision of these additional elements of 
quality care for ill newborn infants beyond basic 
preventive strategies and care in community settings is 
huge and supports the importance of such approaches. 
Our analysis also supports immediate scaling up of 
various community-based and primary care interventions 
because they have the potential to avert almost a third of 
all neonatal deaths by 2017, along with better secondary 
and tertiary facility-based care. Although scaling up of 
quality and secondary and tertiary care to 90% coverage 
by 2025 would prevent around 80% of all neonatal deaths 
averted, community-based strategies would still account 
for 20% of deaths prevented (appendix p 84).

Costing results
The incremental annual costs of providing our recom-
mended packages of care would be close to US$4·5 billion 
(US$0·91 per person) by 2020, rising to US$5·65 billion 
(US$1·15 per person) in 2025. This amount represents a 
cost of about US$1928 for each maternal and neonatal 
life saved, including stillbirths averted. Table 5 shows the 
breakdown of these costs by intervention packages and 
suggests that scale-up of appropriate care during labour 
and child birth by 2025 would cost US$2·29 billion, 
followed by food and micronutrient supplements for 
pregnant women at US$1·88 billion. Of the various 
components of the respective costs, the bulk is related to 
human resources and commodities including drugs.

When costs per newborn life saved are considered, 
immediate care of the newborn infant and care of the 
healthy neonate have the best return on investment, 
followed by care of the small and ill neonate and labour 
and delivery management. However, when a wider range 
of benefi ts to maternal, fetal, and newborn deaths are 
considered, labour and delivery management and 
antenatal care are as good as neonatal interventions in 
terms of returns on investment (fi gure 4).

We recognise that these calculations underestimate the 
full economic cost, especially when existing facilities and 

Figure 3: Estimated eff ect of scale-up of interventions on stillbirths and neonatal and maternal deaths by the year 2025 from the baseline year 2012
NMR=neonatal mortality rate. Error bars represent ranges. 
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human resources need major replanning and scale-up 
investment. Table 3 and appendix pp 68–80 compare this 
costing with other exercises during the past decade, most 
of which are also based on incremental running costs. 
Our estimate is consistent with others that have taken a 
similar approach, noting that the various exercises have 
had narrower or wider remits. For example, the 
Investment Framework for Women’s and Children’s 
Health estimated costs per person to be US$5 per annum 
by 2035,127 and this analysis covered the whole range of 
reproductive, maternal, and child health interventions,131 
including family planning, additional interventions for 
water and sanitation, and additional infrastructure costs 
for general health systems strengthening at scale.

Discussion
Our review is the fi rst comprehensive analysis of the 
evidence base and strategies to address global newborn 
health and survival and delivery strategies since our 
analyses in 2005, and has the additional strength of 
considering maternal and stillbirth outcomes.5,136 During 
the past decade, notable advances have been made in the 
breadth and depth of the evidence base for newborn 
interventions,1 especially in the context of essential 
interventions and packages of care.137 Some highlights 
include new interventions such as cord cleaning with 
chlorhexidine, additional evidence of the potential 
benefi ts of known interventions such as kangaroo 
mother care and antenatal steroids, expansion of access 
to treatment of neonatal infections, and the improved 
feasibility of more advanced care such as neonatal 
resuscitation and continuous positive airway pressure 
devices because of adaptation and innovation of 
equipment and training methods. We now have more 
experience with large-scale community-based projects to 
scale-up care in Asia and Africa98 and strategies to 

improve access to universal care. Despite this enhanced 
evidence, overall coverage of interventions remains low, 
reductions in neonatal mortality very poor, and progress 
for stillbirths even more inadequate.3,138

High coverage of available interventions by 2025 
could prevent almost three-quarters of neonatal deaths, 
saving around 2 million lives per year, at a running cost 
of $1·15 per person, and would put countries on track 
to achieve the “Every Newborn” and “A Promise 
Renewed” targets for neonatal mortality reduction by 
2030 and 2035, respectively. Packages for care during 
labour and childbirth (including complications and 
immediate care of the neonate) and for the care of small 
and ill neonates have the potential to save 1·9 million 
newborn infants (almost 92% of all newborn deaths 
averted). These two packages are the main focus of the 
call for action in the Every Newborn Action Plan.139 
Indeed, even if by 2020 every woman delivering a 
newborn in a facility received recommended care, our 
estimates suggest that 1·325 million newborn infants, 
0·531 million stillbirths, and 0·112 million women 
could be saved every year at annual running costs of 
US$4·5 billion, or less than a dollar per person in the 
75 highest burden countries. This closure of the quality 
gap for facility births must become imperative for every 
country and is surely one of the best investments in 
health and also human rights.

According to the Lancet Global Investment 
Framework,127 an even greater eff ect is possible with 
universal coverage in 2035. Especially important is to 
address unmet need for family planning, which would 
reduce births, further reduce deaths and also reduce the 
load on the health-care system. This framework suggests 
that an investment of US$5 per person per year up to 
2035 in 74 high-burden countries could yield up to nine-
times that value in economic and social benefi ts, and 

2017 2020

Maternal deaths Stillbirths Neonatal deaths Maternal deaths Stillbirths Neonatal deaths

Pre-eclampsia/eclampsia management 4200 16 400 ·· 6900 26 000 ··

Diabetes case management ·· 5500 ·· ·· 8700 ··

Antenatal steroids ·· ·· 130 000 ·· ·· 214 300

Antibiotics for PPROM 9000 ·· 13 300 14 000 ·· 22 000

Detection and management of IUGR ·· 20 500 ·· ·· 32 500 ··

Induction after 41 weeks of pregnancy ·· 8300 ·· ·· 19 000 ··

Labour and delivery management 39 100 216 500 191 700 82 700 464 200 389 200

Clean birth practices 5100 ·· 35 900 9200 ·· 67 000

Neonatal resuscitation ·· ·· 111 100 ·· ·· 170 600

Case management of prematurity and severe infection ·· ·· 361 800 ·· ·· 461 800

Total 57 400
(80% of total 
deaths averted 
by 2017)

267 200
(72% of total 
stillbirths averted 
by 2017)

843 800
(74% of total 
neonatal deaths 
averted by 2017)

112 800
(84% of total 
deaths averted 
by 2020)

531 400
(76% of total 
stillbirths averted 
by 2020)

1 324 900
(77% of total 
neonatal deaths 
averted by 2020)

PPROM=preterm premature rupture of membranes. IUGR=intrauterine growth restriction.

 Table 4: Eff ect of provision of facility care on lives saved by 2020, hence reducing the quality gap
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would prevent the needless deaths of 147 million 
children, 32 million stillbirths, and 5 million women by 
2035. The analysis also suggested that scaling up of 
family planning could lead to a 47% reduction in child 
deaths and a 64% reduction in stillbirths. Their estimate 
for running costs—excluding those for health system 
strengthening, new human resources, programme 
management, and conditional cash transfers—was 
US$2·1 per person, which suggests that our estimated 
running costs of US$1·15 per person for maternal and 
newborn interventions are plausible.

The high proportionate reduction in neonatal mortality 
suggests that the major killers of newborn babies in 
low-income and middle-income countries can be 
addressed—a notion supported by the dramatic reduction 
in these deaths in high-income countries. New trend data 

suggest that in some low-income and middle-income 
countries, deaths caused by neonatal infections have fallen 
during the past decade at a rate faster than have deaths due 
to intrapartum complications and substantially more than 
preterm deaths.1 This fi nding might be indicative of 
inadequate attention to care of small babies in facilities in 
low-income and middle-income countries. Importantly, 
since many of these interventions are delivered in the 
antenatal period and around childbirth, they have the 
potential to reduce stillbirths by a third and reduce 
maternal deaths by 50%—a triple return on investment 
with additional benefi ts on later child survival, improved 
growth, reduced disability, and non-communicable 
diseases. The eff ect on stillbirths is smaller and more work 
is needed to increase the scope and scaleability of 
interventions, especially for antepartum stillbirths. The 

Estimated maternal lives 
saved by 2025

Estimated stillbirths 
prevented by 2025

Estimated neonatal lives 
saved by 2025

Estimated additional child lives 
(post-neonatal) saved by 2025

Preconception 
nutrition care

Antenatal care Care during labour 
and childbirth 
including 
complications

Immediate 
newborn care

Care of the
healthy neonate

Care of the small 
and ill neonate

0

23 000 
(17 800–26 500)

110 000 
(111 800–118 300)

7500 

7500 
(6700–9100)

240 000 
(150 800–374 500)

1200

150 000 
(137 100–158 900)

550 000 
(432 500–531 400)

790 000 
(588 500–865 000)

0

43 000 
(36 500–46 900)

NA

NA

NA

NA

NA

NA

190 000 
(136 300–280 400)

0 0

230 000 
(64 300–261 500)

1900 

Costs by 2025
(in billion US$)

1·88 0·4 2·29 0·035 0·960·11

Costs (billion US$) per 100 000
maternal and newborn lives,  
and stillbirths saved

1·38 0·16 0·15 0·02 0·170·05

Costs (billion US$) per 100 000
newborn babies saved

1·65 0·92 0·29 0·02 0·170·05

580 000 
(531 000–621 000)
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Figure 4: Estimated eff ect of the intervention packages on numbers of neonatal lives saved and costs according to levels of care by the year 2025
Error bars represent ranges. NMR=neonatal mortality rate. NA=not applicable. 
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eff ect on maternal mortality would be higher with the 
inclusion of some other postnatal interventions to address 
maternal mortality, such as the prevention and 
management of maternal haemorrhage and infections.

Our scale-up scenarios for the care of the small and ill 
neonates are deliberately ambitious but not unrealistic. 
Our analysis also challenges the view that newborn care 
is prohibitively expensive once intensive care is added.140 
With the scaling up of secondary and tertiary care for 90% 
of newborn infants in need by 2025, the model suggests 
that although the costs are substantial, the eff ect is huge. 
These benefi ts do not yet take into account potential long-
term gains for human capital by lower disability.3

The rapid increase in facility births in many settings in 
recent years gives credence to opportunities for impact 
with more focus on facility care110 but also emphasises the 
crucial need to match the supply-side interventions to 
provide quality maternal and newborn care in health 
systems with ongoing promotion of demand for care. Our 
analysis here, consistent with the 2005 Lancet Neonatal 
Series, estimated that community and primary care 
approaches will save about a third of newborn lives over 
the next 5–6 years. Even when facility-based care coverage 
exceeds 90%, community interventions will still continue 
to contribute to reducing a fi fth of all newborn deaths. The 
maximum benefi ts would be accrued through a focus on 
integrated delivery and scale-up of both community-based 
and primary care strategies while clinical care in facilities 
and transport systems are strengthened (fi gure  6). We 
continue to support the importance of community-based 
strategies, including women’s groups and the key role that 
community health workers have in preventive and 
promotive care and in delivering basic care in primary 
care settings.98 However, in view of the eff ect at community 
level, especially for intrapartum-associated complications 
and preterm infants, improvement of the quality of care in 
referral facilities through evidence-based interventions 
should also be prioritised.

A key programme challenge is to reduce the equity gap, 
to reach those women and newborn infants in the greatest 
need. Although classic equity analysis relies largely on 
tracking diff erentials using income or asset quintiles,141 
many of these diff erentials relate to issues of ethnicity, 
geography, and other forms of social marginalisation. We 
limited our repertoire of interventions to those that 
address the distal pathways within the health sector while 
fully recognising the importance of social determinants. 
We should emphasise that these technological 
advancements and interventions have to be layered on 
approaches to address social determinants, education and 
empowerment of women in society, and human rights, 
especially the health and wellbeing of girls.

Strategies to overcome these obstacles include addressing 
of fi nancial barriers105 and deliberate targeting of patient 
groups through community outreach programmes.98 The 
evidence from the role of women’s groups from various 
settings also underscores the need for continued community 

engagement, demand creation, and empowerment of 
communities—especially women—as a continued adjunct 
to interventions within the health sector. The transition 

Figure 5: Estimated eff ect of interventions on the three largest causes of neonatal deaths
(A) Intrapartum-related neonatal deaths. (B) Infection-related neonatal deaths. (C) Preterm-related direct 
complications. PPROM=preterm premature rupture of membranes.
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from home deliveries to facility births can be accelerated 
through incentives that increase coverage of skilled care in 
facility settings. The latter also necessitates consideration of 

strategies to move beyond community care and task shifting 
to appropriate quality care in district and referral health 
facilities. So far, this approach has not received suffi  cient 

Figure 6: Intervention packages by level of care
PPROM=preterm premature rupture of membranes. IPTp=intermittent preventive treatment in pregnancy. IMCI=integrated management of childhood illnesses.
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• Family planning
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• Tetanus immunisation
• Nutritional counselling/
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management
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• Family planning 
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HIV and malaria

• Tetanus immunisation
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chronic maternal disorders

• Adolescent and pre-pregnancy health 
and nutrition 

• Prevention of sexually transmitted 
infections, HIV, and malaria

• Prevention of female genital 
mutilation and gender violence

• Nutritional counselling/
supplementation 

• Prevention and management of 
sexually transmitted infections, 
HIV, and malaria

• Tetanus immunisation
• Nutritional counselling/

supplementation
• Fetal growth restriction 

management
• Chronic disease management

• Antenatal care visits
• Prevention and management of 

sexually transmitted infections, 
• HIV and malaria; 
• Tetanus immunisation; 
• Nutritional  counselling/
supplementation;
• Diagnosis and 

treatment of chronic maternal 
disorders

• Counselling and preparation for 
safe birth and newborn care

• Prevention and management of 
sexually transmitted infections, 
HIV and malaria

• Prevention of gender violence
• Nutritional counselling/

supplementation

• Management of preterm labour 
including antenatal steroids, 
antibiotics for PPROM

• Skilled birth attendants
• Clean birth practices 
• Emergency obstetric care if needed
• Induction of labour at >41 weeks
• Prevention of mother-to-child 

transmission of HIV 

• Skilled birth attendants
• Clean birth practices 
• Emergency obstetric care 

if needed
• Referral and transport
 

• Counselling and preparation for 
safe birth and newborn care 

• Emergency preparedness including 
transport 

• Skilled birth attendants
• When skilled care is not available, 

consider clean birth practices
 
 

• Immediate newborn care (stimulation,
 warmth, breastfeeding) 

• Extra care of ill/preterm neonate: warmth, 
kangaroo mother care, feeding/fluids, oxygen, 
management of neonatal jaundice

• Emergency care: continuous positive airway 
pressure/intermittent positive pressure 
ventilation and surfactant for respiratory 
distress syndrome

• Management of severe neonatal infections 
 

• Promotion of healthy behaviours  
(eg, hygiene, breastfeeding, warmth)

• Extra care of at-risk babies: kangaroo mother 
care, warmth, feeding support/intravenous 
fluids, oxygen provision

• Management of neonatal jaundice
• Infection prevention/management 
• Early detection and referral for severe illness
 
 

Healthy home care, including: 
• Promotion of preventive newborn care 

(hygiene, warmth)
• Early initiation and exclusive breastfeeding 
• Seek curative services for infections and 

other illnesses 
• Referrals when needed
 
 

• Hospital care of childhood illness 
including HIV 

• Immunisations, nutrition
• Malaria (IPTp and bednets) 
• Care of children with HIV 
• First level care of childhood 

illness (IMCI) 
• Diagnosis and treatment 

of disability
• Infection prevention/management 
• Early detection and referral for 

serious illness
 

• Seek curative services for children
including oral rehydration 
solution for diarrhoea, case 
management for pneumonia, 
malaria and other illnesses 

• Referrals when needed
 

Community care

Intersectoral: Improved living and working conditions including housing, water and sanitation, and nutrition; education and empowerment (especially of girls); folic acid fortification; safe and healthy 
work environments for women and pregnant women

Pre-pregnancy Pregnancy Labour and birth Newborn baby ChildBirth

Annual costs in 2020 (US$) Annual costs in 2025 (US$)

Capital costs Drug and 
supply costs

Labour costs Other recurrent 
costs

Capital costs Drug and 
supply costs

Labour costs Other recurrent 
costs

Preconception nutrition care 231 093 000 1 031 434 000 99 201 000 66 645 000 302 619 000 1 356 250 000 132 059 000 87 272 000

Antenatal care 60 508 000 38 413 000 41 791 000 17 450 000 58 279 000 50 952 000 57 102 000 16 807 000

Advanced antenatal care 67 518 000 31 983 000 104 604 000 21 061 000 64 848 000 31 571 000 103 539 000 20 227 000

Care during labour and childbirth, 
including complications

267 028 000 382 064 000 1 020 568 000 88 051 000 335 856 000 555 408 000 1 286 525 000 110 648 000

Immediate neonatal care 1 877 000 3000 1 570 000 601 000 1 869 000 1000 1 017 000 598 000

Care of the healthy neonate ·· 25 125 000 80 291 000 ·· ·· 32 586 000 79 965 000 ··

Care of the small and ill neonate 378 825 000 77 991 000 283 164 000 101 376 000 423 789 000 88 706 000 335 126 000 111 749 000

Total 1 006 849 000 1 587 013 000 1 631 189 000 295 184 000 1 187 260 000 2 115 474 000 1 995 333 000 347 301 000

 Table 5: Incremental cost of the scale-up plan by intervention package for the years 2020 and 2025
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attention and is crucially important, especially in view of the 
longer time frame post-MDGs to 2035. Given the burden of 
preterm births in low-income and middle-income countries, 
low-cost strategies to manage preterm infants with 
respiratory distress syndrome as an adjunct to preventive 
strategies, such as the use of antenatal steroids and 
management of complications in pregnancy, could 
potentially save many lives. The mortality reduction targets 
of the Every Newborn strategy would not be achievable 
without the rational development of high-quality facility-
based newborn care. An urgent need therefore exists to 
develop acceptable standards, norms, and protocols for 
facility-based newborn care, and enhance capacity in this 
crucial area of newborn health care. The vital role of health 
care professionals, especially well-trained midwives, in 
achieving these goals must be recognised.142

Our fi ndings have several limitations that should be 
recognised. We still struggle with the level and quality of 
evidence for many of the interventions considered here, 
with relatively few eff ectiveness assessments of packages 
of care. We have used LiST to estimate eff ect and have 
provided uncertainty ranges that do draw attention to the 
wide uncertainty, more so for partial estimates. Our cost 
estimates are also consistent with those in several recent 
studies (table 3 and appendix pp 68–80) and are based on 
estimated annual running costs. Contextual factors and 
assessment of specifi c health systems gaps are essential 
for planning, and further analysis of the full costs should 
be based on actual country-specifi c planning for human 
resources and infrastructure gaps. The incremental 
running cost approach is also more comparable across 
countries and does provide a basis for more detailed 
national and subnational planning for additional specifi c 
investments.

Integration and further scale-up of these interventions 
in health systems will benefi t women, babies, development 
outcomes, and economic capital—a quadruple return on 
investment. The key is to prioritise implementation to 
overcome context-specifi c bottlenecks.143 Universal health 
coverage, which entitles every citizen and every family to a 
package of health care services guaranteed by the state is 
the lens through which equitable provision of maternal 
and newborn care should be viewed. No country can 
aff ord to ignore this investment case to change survival 
and health for every newborn baby and future generations.
Contributors
ZAB was responsible for overall coordination and oversight of the review 
and writing process; JKD for coordination of reviews and substantial 
contribution to the writing process; RAS for reviews of maternal 
vaccination, emollient and massage therapy, adolescent interventions, and 
quality of care reviews; ZL for community delivery platforms, management 
of gestational diabetes mellitus; VKP, RA, and JMS for respiratory distress 
syndrome, meconium aspiration syndrome, and continuous positive 
airway pressure reviews; HB and JEL for folate supplementation or 
fortifi cation, syphilis, tetanus vaccine, hypothermia management, 
kangaroo mother care, obstetric care, and neonatal resusciation; AI for 
maternal calcium and balanced energy protein supplementation, cord care 
and intrauterine growth restriction; SA and AL for contributing the section 
on mHealth; JEL, VBC, and AR for working on the LiST and cost analysis; 

and NW for overseeing the modelling and costing process. All named 
authors contributed to the conceptualisation, writing, and fi nalisation of 
the paper. ZAB is the overall guarantor.

The Lancet Every Newborn Interventions Review Group
Rehana A Salam, Zohra Lassi, Jai K Das (Aga Khan University, Karachi, 
Pakistan); Zulfi qar A Bhutta (Aga Khan University, Karachi, Pakistan, and 
Sick Kids Centre for Global Child Health, Toronto, Canada); 
Hannah Blencowe, Joy Lawn (London School of Hygiene & Tropical 
Medicine, London, UK); Vinod K Paul, Jeeva M Sankar, Ramesh Agarwal 
(All India Institute of Medical Sciences, New Dehli, India); 
Venkatnarayan Kannan (Command Hospital Eastern Command, Kolkata, 
India); Rajiv Bahl (World Health Organization, Geneva, Switzerland).

The Lancet Every Newborn Study Group
Joy E Lawn, Zulfi qar Bhutta, Gary Darmstadt, Kim Dickson, 
Mary Kinney, Liz Mason, and Lori McDougall.

Declaration of interests
We declare no competing interests.

Acknowledgments
RB’s views are his own and do not represent the offi  cial position of WHO. 
The systematic reviews and the consultative meetings were supported by 
unrestricted support to various review group members from the Aga 
Khan University, WHO, Mother and Child Care Trust, Save the Children 
(USA), and grants from Bill & Melinda Gates Foundation to the US Fund 
for UNICEF. None of the funding bodies had any infl uence on the 
content and scope of the paper. We thank Smisha Agarwal and Alain 
Labrique (USAID) for information about mHealth interventions for 
newborn survival and Ingrid Friberg (JHU) for her support towards the 
LiST analyses. We thank Akber Ali for his assistance in the logistics 
around communications and the preparation of this report.

References
1 Lawn JE, Blencowe H, Oza S, et al, for The Lancet Every Newborn 

Study Group. Progress, priorities, and potential beyond survival. 
Lancet 2014; published online May 20. http://dx.doi.org/10.1016/
S0140-6736(14)60496-7.

2 Lawn JE, Blencowe H, Pattinson R, et al, and The Lancet’s Stillbirths 
Series steering committee. Stillbirths: Where? When? Why? How to 
make the data count? Lancet 2011; 377: 1448–63.

3 Darmstadt GL, Kinney MV, Chopra M, et al, for The Lancet Every 
Newborn Study Group. Who has been caring for the baby? Lancet 
2014; published online May 20. http://dx.doi.org/10.1016/S0140-
6736(14)60458-X.

4 Bhutta ZA, Yakoob MY, Lawn JE, et al, and The Lancet’s Stillbirths 
Series steering committee. Stillbirths: what diff erence can we make 
and at what cost? Lancet 2011; 377: 1523–38.

5 Darmstadt GL, Bhutta ZA, Cousens S, Adam T, Walker N, 
de Bernis L, and the Lancet Neonatal Survival Steering Team. 
Evidence-based, cost-eff ective interventions: how many newborn 
babies can we save? Lancet 2005; 365: 977–88.

6 Bhutta ZA, Ali S, Cousens S, et al. Alma-Ata: Rebirth and Revision 6 
Interventions to address maternal, newborn, and child survival: 
what diff erence can integrated primary health care strategies make? 
Lancet 2008; 372: 972–89.

7 Jones G, Steketee RW, Black RE, Bhutta ZA, Morris SS; 
Bellagio Child Survival Study Group. How many child deaths can 
we prevent this year? Lancet 2003; 362: 65–71.

8 Bhutta ZA, Das JK, Rizvi A, et al, and the Lancet Nutrition 
Interventions Review Group, and the Maternal and Child Nutrition 
Study Group. Evidence-based interventions for improvement of 
maternal and child nutrition: what can be done and at what cost? 
Lancet 2013; 382: 452–77.

9 Dean SV, Imam AM, Lassi ZS, Bhutta ZA. Importance of 
intervening in the preconception period to impact pregnancy 
outcomes. Nestle Nutr Inst Workshop Ser 2013; 74: 63–73.

10 Mehra S, Agrawal D. Adolescent health determinants for pregnancy 
and child health outcomes among the urban poor. Indian Pediatr 
2004; 41: 137–45.

11 Haldre K, Rahu K, Karro H, Rahu M. Is a poor pregnancy outcome 
related to young maternal age? A study of teenagers in Estonia 
during the period of major socio-economic changes (from 1992 to 
2002). Eur J Obstet Gynecol Reprod Biol 2007; 131: 45–51.



Series

368 www.thelancet.com   Vol 384   July 26, 2014

12 Paranjothy S, Broughton H, Adappa R, Fone D. Teenage pregnancy: 
who suff ers? Arch Dis Child 2009; 94: 239–45.

13 WHO. Adolescent pregnancy: unmet needs and undone deeds. 
A review of literature and programmes. WHO Discussion Papers 
on Adolescence. Geneva: World Health Organization Department of 
Child and Adolescent Health and Development, 2007.

14 Ronnenberg AG, Wood RJ, Wang X, et al. Preconception hemoglobin 
and ferritin concentrations are associated with pregnancy outcome in 
a prospective cohort of Chinese women. J Nutr 2004; 134: 2586–91.

15 DiCenso A, Guyatt G, Willan A, Griffi  th L. Interventions to reduce 
unintended pregnancies among adolescents: systematic review of 
randomised controlled trials. BMJ 2002; 324: 1426.

16 Oringanje C, Meremikwu MM, Eko H, Esu E, Meremikwu A, 
Ehiri JE. Interventions for preventing unintended pregnancies 
among adolescents. Cochrane Database Syst Rev 2009; 4: CD005215.

17 Blank L, Baxter SK, Payne N, Guillaume LR, Pilgrim H. Systematic 
review and narrative synthesis of the eff ectiveness of contraceptive 
service interventions for young people, delivered in educational 
settings. J Pediatr Adolesc Gynecol 2010; 23: 341–51.

18 Blank L, Baxter SK, Payne N, Guillaume LR, Squires H. Systematic 
review and narrative synthesis of the eff ectiveness of contraceptive 
service interventions for young people, delivered in health care 
settings. Health Educ Res 2012; 27: 1102–19.

19 Lopez LM, Hiller JE, Grimes DA, Chen M. Education for 
contraceptive use by women after childbirth. 
Cochrane Database Syst Rev 2012; 8: CD001863.

20 Fedrick J, Adelstein P. Infl uence of pregnancy spacing on outcome 
of pregnancy. BMJ 1973; 4: 753–56.

21 Conde-Agudelo A, Rosas-Bermúdez A, Kafury-Goeta AC. Birth 
spacing and risk of adverse perinatal outcomes: a meta-analysis. 
JAMA 2006; 295: 1809–23.

22 Conde-Agudelo A, Rosas-Bermúdez A, Kafury-Goeta AC. Eff ects of 
birth spacing on maternal health: a systematic review. 
Am J Obstet Gynecol 2007; 196: 297–308.

23 Lopez LM, Steiner M, Grimes DA, Hilgenberg D, Schulz KF. 
Strategies for communicating contraceptive eff ectiveness. 
Cochrane Database Syst Rev 2013; 4: CD006964.

24 Arrowsmith ME, Aicken CRH, Saxena S, Majeed A. Strategies for 
improving the acceptability and acceptance of the copper 
intrauterine device. Cochrane Database Syst Rev 2012; 3: CD008896.

25 De-Regil LM, Fernández-Gaxiola AC, Dowswell T, Peña-Rosas JP. 
Eff ects and safety of periconceptional folate supplementation for 
preventing birth defects. Cochrane Database Syst Rev 2010; 
10: CD007950.

26 WHO. WHO Immunization, surveillance, assessment and 
monitoring. 2009. http://www.who.int/immunization_monitoring/
en/globalsummary/scheduleselect.cfm (accessed Jan 20, 2014).

27 Blencowe H, Lawn J, Vandelaer J, Roper M, Cousens S. Tetanus 
toxoid immunization to reduce mortality from neonatal tetanus. 
Int J Epidemiol 2010; 39 (suppl 1): i102–09.

28 Eisele TP, Larsen D, Steketee RW. Protective effi  cacy of interventions 
for preventing malaria mortality in children in Plasmodium falciparum 
endemic areas. Int J Epidemiol 2010; 39 (suppl 1): i88–101.

29 Blencowe H, Cousens S, Kamb M, Berman S, Lawn JE. Lives Saved 
Tool supplement detection and treatment of syphilis in pregnancy 
to reduce syphilis related stillbirths and neonatal mortality. 
BMC Public Health 2011; 11 (suppl 3): S9.

30 Swadpanich U, Lumbiganon P, Prasertcharoensook W, 
Laopaiboon M. Antenatal lower genital tract infection screening and 
treatment programs for preventing preterm delivery. 
Cochrane Database Syst Rev 2008; 2: CD006178.

31 Brocklehurst P, Gordon A, Heatley E, Milan SJ. Antibiotics for 
treating bacterial vaginosis in pregnancy. 
Cochrane Database Syst Rev 2013; 1: CD000262.

32 Ohlsson A, Shah VS. Intrapartum antibiotics for known maternal 
Group B streptococcal colonization. Cochrane Database Syst Rev 
2013; 1: CD007467.

33 Smaill F, Vazquez JC. Antibiotics for asymptomatic bacteriuria in 
pregnancy. Cochrane Database Syst Rev 2007; 2: CD000490.

34 McCarthy FP, Giles ML, Rowlands S, Purcell KJ, Jones CA. 
Antenatal interventions for preventing the transmission of 
cytomegalovirus (CMV) from the mother to fetus during pregnancy 
and adverse outcomes in the congenitally infected infant. 
Cochrane Database Syst Rev 2011; 3: CD008371.

35 Hollier LM, Wendel GD. Third trimester antiviral prophylaxis for 
preventing maternal genital herpes simplex virus (HSV) 
recurrences and neonatal infection. Cochrane Database Syst Rev 
2008; 1: CD004946.

36 Peyron F, Wallon M, Liou C, Garner P. Treatments for toxoplasmosis 
in pregnancy. Cochrane Database Syst Rev 2000; 3: CD001684.

37 Di Mario S, Basevi V, Gagliotti C, et al. Prenatal education for 
congenital toxoplasmosis. Cochrane Database Syst Rev 2013; 
2: CD006171.

38 Siegfried N, van der Merwe L, Brocklehurst P, Sint TT. 
Antiretrovirals for reducing the risk of mother-to-child transmission 
of HIV infection. Cochrane Database Syst Rev 2011; 7: CD003510.

39 Newell M-L, Bunders MJ. Safety of antiretroviral drugs in 
pregnancy and breastfeeding for mother and child. 
Curr Opin HIV AIDS 2013; 8: 504–10.

40 Ananth CV, Basso O. Impact of pregnancy-induced hypertension on 
stillbirth and neonatal mortality. Epidemiology 2010; 21: 118–23.

41 Say L, Chou D, Gemmill A, et al. Global causes of maternal death: a 
WHO systematic analysis. Lancet Glob Health 2014; published 
online May 6. http://dx.doi.org/10.1016/S2214-109X(14)70227-X.

42 Abalos E, Duley L, Steyn DW, Henderson-Smart DJ. 
Antihypertensive drug therapy for mild to moderate hypertension 
during pregnancy. Cochrane Database Syst Rev 2007; 1: CD002252.

43 Duley L, Gülmezoglu AM, Henderson-Smart DJ, Chou D. 
Magnesium sulphate and other anticonvulsants for women with 
pre-eclampsia. Cochrane Database Syst Rev 2010; 11: CD000025.

44 Duley L, Henderson-Smart DJ, Meher S, King JF. Antiplatelet 
agents for preventing pre-eclampsia and its complications. 
Cochrane Database Syst Rev 2007; 2: CD004659.

45 Jabeen M, Yakoob MY, Imdad A, Bhutta ZA. Impact of interventions 
to prevent and manage preeclampsia and eclampsia on stillbirths. 
BMC Public Health 2011; 11 (suppl 3): S6.

46 Hunt KJ, Schuller KL. The increasing prevalence of diabetes in 
pregnancy. Obstet Gynecol Clin North Am 2007; 34: 173–99, vii.

47 Bell R, Bailey K, Cresswell T, Hawthorne G, Critchley J, 
Lewis-Barned N, and the Northern Diabetic Pregnancy Survey 
Steering Group. Trends in prevalence and outcomes of pregnancy 
in women with pre-existing type I and type II diabetes. BJOG 2008; 
115: 445–52.

48 Cheung NW, McElduff  A, Ross GP. Type 2 diabetes in pregnancy: 
a wolf in sheep’s clothing. Aust N Z J Obstet Gynaecol 2005; 45: 479–83.

49 Lassi ZS, Bhutta ZA. Risk factors and interventions related to 
maternal and pre-pregnancy obesity, pre-diabetesand diabetes for 
maternal, fetal and neonatal outcomes: a systematic review. 
Expert Rev Obstet Gynecol 2013; 8: 639–60.

50 WHO. Guideline. Daily iron and folic acid supplementation in 
pregnant women. Geneva: World Health Organization, 2012.

51 Black RE, Victora CG, Walker SP, et al, and the Maternal and Child 
Nutrition Study Group. Maternal and child undernutrition and 
overweight in low-income and middle-income countries. Lancet 
2013; 382: 427–51.

52 Imdad A, Bhutta ZA. Eff ects of calcium supplementation during 
pregnancy on maternal, fetal and birth outcomes. 
Paediatr Perinat Epidemiol 2012; 26 (suppl 1): 138–52.

53 Fisk NM, Smith RP. Fetal growth restriction; small for gestational 
age. In: Chamberlain G, Steer P, eds. Turnbull’s Obstetrics. 
London: Churchill Livingstone, 2001: 197–209.

54 Imdad A, Yakoob MY, Siddiqui S, Bhutta ZA. Screening and triage 
of intrauterine growth restriction (IUGR) in general population and 
high risk pregnancies: a systematic review with a focus on reduction 
of IUGR related stillbirths. BMC Public Health 2011; 11 (suppl 3): S1.

55 Crowther CA, Middleton P, McBain RD. Anti-D administration in 
pregnancy for preventing Rhesus alloimmunisation. 
Cochrane Database Syst Rev 2013; 2: CD000020.

56 Crowther C, Middleton P. Anti-D administration after childbirth for 
preventing Rhesus alloimmunisation. Cochrane Database Syst Rev 
2000; 2: CD000021.

57 Karanth L, Jaafar SH, Kanagasabai S, Nair NS, Barua A. Anti-D 
administration after spontaneous miscarriage for preventing Rhesus 
alloimmunisation. Cochrane Database Syst Rev 2013; 3: CD009617.

58 Bhutani VK, Zipursky A, Blencowe H, et al. Neonatal 
hyperbilirubinemia and Rhesus disease of the newborn: incidence 
and impairment estimates for 2010 at regional and global levels. 
Pediatr Res 2013; 74 (suppl 1): 86–100.



Series

www.thelancet.com   Vol 384   July 26, 2014 369

59 Rahman A, Fisher J, Bower P, et al. Interventions for common 
perinatal mental disorders in women in low- and middle-income 
countries: a systematic review and meta-analysis. 
Bull World Health Organ 2013; 91: 593–601.

60 Chowdhary N, Sikander S, Atif N, et al. The content and delivery of 
psychological interventions for perinatal depression by non-specialist 
health workers in low and middle income countries: a systematic 
review. Best Pract Res Clin Obstet Gynaecol 2014; 28: 113–33.

61 Hoff brand S, Howard L, Crawley H. Antidepressant drug treatment for 
postnatal depression. Cochrane Database Syst Rev 2001; 2: CD002018.

62 Osborn DA, Jeff ery HE, Cole MJ. Opiate treatment for opiate 
withdrawal in newborn infants. Cochrane Database Syst Rev 2010; 
10: CD002059.

63 Osborn DA, Jeff ery HE, Cole MJ. Sedatives for opiate withdrawal in 
newborn infants. Cochrane Database Syst Rev 2010; 10: CD002053.

64 Lavender T, Hart A, Smyth RM. Eff ect of partogram use on 
outcomes for women in spontaneous labour at term. 
Cochrane Database Syst Rev 2008; 4: CD005461.

65 Devane D, Lalor JG, Daly S, McGuire W, Smith V. Cardiotocography 
versus intermittent auscultation of fetal heart on admission to 
labour ward for assessment of fetal wellbeing. 
Cochrane Database Syst Rev 2012; 2: CD005122.

66 Lee ACC, Cousens S, Darmstadt GL, et al. Care during labor and 
birth for the prevention of intrapartum-related neonatal deaths: 
a systematic review and Delphi estimation of mortality eff ect. 
BMC Public Health 2011; 11 (suppl 3): S10.

67 Yakoob MY, Ali MA, Ali MU, et al. The eff ect of providing skilled 
birth attendance and emergency obstetric care in preventing 
stillbirths. BMC Public Health 2011; 11 (suppl 3): S7.

68 Blencowe H, Cousens S, Mullany LC, et al. Clean birth and 
postnatal care practices to reduce neonatal deaths from sepsis and 
tetanus: a systematic review and Delphi estimation of mortality 
eff ect. BMC Public Health 2011; 11 (suppl 3): S11.

69 Mwansa-Kambafwile J, Cousens S, Hansen T, Lawn JE. Antenatal 
steroids in preterm labour for the prevention of neonatal deaths due 
to complications of preterm birth. Int J Epidemiol 2010; 
39 (suppl 1): i122–33.

70 Roberts D, Dalziel S. Antenatal corticosteroids for accelerating fetal 
lung maturation for women at risk of preterm birth. 
Cochrane Database Syst Rev 2006; 3: CD004454.

71 Cousens S, Blencowe H, Gravett M, Lawn JE. Antibiotics for pre-
term pre-labour rupture of membranes: prevention of neonatal 
deaths due to complications of pre-term birth and infection. 
Int J Epidemiol 2010; 39 (suppl 1): i134–43.

72 Gülmezoglu AM, Crowther CA, Middleton P. Induction of labour 
for improving birth outcomes for women at or beyond term. 
Cochrane Database Syst Rev 2006; 4: CD004945.

73 Imdad A, Bautista RMM, Senen KAA, Uy MEV, Mantaring JB 3rd, 
Bhutta ZA. Umbilical cord antiseptics for preventing sepsis and death 
among newborns. Cochrane Database Syst Rev 2013; 5: CD008635.

74 WHO recommendations on postnatal care of the mother and 
newborn. 2013. http://www.healthynewbornnetwork.org/resource/
who-recommendations-postnatal-care-mother-and-newborn-2013 
(accessed March 30, 2014).

75 Rabe H, Diaz-Rossello JL, Duley L, Dowswell T. Eff ect of timing of 
umbilical cord clamping and other strategies to infl uence placental 
transfusion at preterm birth on maternal and infant outcomes. 
Cochrane Database Syst Rev 2012; 8: CD003248.

76 World Health Organization. The optimal duration of exclusive 
breastfeeding: report of an expert consultation. http://www.who.int/
nutrition/publications/infantfeeding/WHO_NHD_01.09/en/index.
html (accessed Jan 25, 2014).

77 Debes AK, Kohli A, Walker N, Edmond K, Mullany LC. Time to 
initiation of breastfeeding and neonatal mortality and morbidity: 
a systematic review. BMC Public Health 2013; 13 (suppl 3): S19.

78 Haroon S, Das JK, Salam RA, Imdad A, Bhutta ZA. Breastfeeding 
promotion interventions and breastfeeding practices: a systematic 
review. BMC Public Health 2013; 13 (suppl 3): S20.

79 Darlow BA, Graham PJ. Vitamin A supplementation to prevent 
mortality and short and long-term morbidity in very low 
birthweight infants. Cochrane Database Syst Rev 2007; 4: CD000501.

80 Haider BA, Bhutta ZA. Neonatal vitamin A supplementation for the 
prevention of mortality and morbidity in term neonates in developing 
countries. Cochrane Database Syst Rev 2011; 10: CD006980.

81 Puckett RM, Off ringa M. Prophylactic vitamin K for vitamin K 
defi ciency bleeding in neonates. Cochrane Database Syst Rev 2000; 
4: CD002776.

82 Lawn JE, Mwansa-Kambafwile J, Horta BL, Barros FC, Cousens S. 
‘Kangaroo mother care’ to prevent neonatal deaths due to preterm 
birth complications. Int J Epidemiol 2010; 39 (suppl 1): i144–54.

83 Conde-Agudelo A, Belizán JM, Diaz-Rossello J. Kangaroo mother 
care to reduce morbidity and mortality in low birthweight infants. 
Cochrane Database Syst Rev 2011; 3: CD002771.

84 Moore ER, Anderson GC, Bergman N. Early skin-to-skin contact for 
mothers and their healthy newborn infants. 
Cochrane Database Syst Rev 2007; 3: CD003519.

85 Lee AC, Cousens S, Wall SN, et al. Neonatal resuscitation and 
immediate newborn assessment and stimulation for the prevention of 
neonatal deaths: a systematic review, meta-analysis and Delphi 
estimation of mortality eff ect. BMC Public Health 2011; 11 (suppl 3): S12.

86 Evans DJ, Levene MI, Tsakmakis M. Anticonvulsants for preventing 
mortality and morbidity in full term newborns with perinatal 
asphyxia. Cochrane Database Syst Rev 2007; 3: CD001240.

87 Jacobs SE, Berg M, Hunt R, Tarnow-Mordi WO, Inder TE, 
Davis PG. Cooling for newborns with hypoxic ischaemic 
encephalopathy. Cochrane Database Syst Rev 2013; 1: CD003311.

88 Pauliah SS, Shankaran S, Wade A, Cady EB, Thayyil S. Therapeutic 
hypothermia for neonatal encephalopathy in low- and middle-
income countries: a systematic review and meta-analysis. PLoS One 
2013; 8: e58834.

89 Ho JJ, Subramaniam P, Henderson-Smart DJ, Davis PG. 
Continuous distending pressure for respiratory distress syndrome 
in preterm infants. Cochrane Database Syst Rev 2002; 2: CD002271.

90 Piper AJ, Wang D, Yee BJ, Barnes DJ, Grunstein RR. Randomised 
trial of CPAP vs bilevel support in the treatment of obesity 
hypoventilation syndrome without severe nocturnal desaturation. 
Thorax 2008; 63: 395–401.

91 Kawaza K, Machen HE, Brown J, et al. Effi  cacy of a low-cost bubble 
CPAP system in treatment of respiratory distress in a neonatal ward 
in Malawi. PLoS One 2014; 9: e86327.

92 Soll R, Özek E. Prophylactic animal derived surfactant extract for 
preventing morbidity and mortality in preterm infants. 
Cochrane Database Syst Rev 1997; 4: CD000511.

93 Seger N, Soll R. Animal derived surfactant extract for treatment of 
respiratory distress syndrome. Cochrane Database Syst Rev 2009; 
2: CD007836.

94 Bhutta ZA, Khan I, Salat S, Raza F, Ara H. Reducing length of stay 
in hospital for very low birthweight infants by involving mothers in 
a stepdown unit: an experience from Karachi (Pakistan). BMJ 2004; 
329: 1151–55.

95 Zaidi AKM, Ganatra HA, Syed S, et al. Eff ect of case management 
on neonatal mortality due to sepsis and pneumonia. 
BMC Public Health 2011; 11 (suppl 3): S13.

96 Kumar P, Chawla D, Deorari A. Light-emitting diode phototherapy 
for unconjugated hyperbilirubinaemia in neonates. 
Cochrane Database Syst Rev 2011; 12: CD007969.

97 Salam RA, Das JK, Darmstadt GL, Bhutta ZA. Emollient therapy for 
preterm newborn infants--evidence from the developing world. 
BMC Public Health 2013; 13 (suppl 3): S31.

98 Lassi ZS, Haider BA, Bhutta ZA. Community-based intervention 
packages for reducing maternal and neonatal morbidity and 
mortality and improving neonatal outcomes. 
Cochrane Database Syst Rev 2010; 11: CD007754.

99 Bang AT, Bang RA, Baitule SB, Reddy MH, Deshmukh MD. Eff ect 
of home-based neonatal care and management of sepsis on neonatal 
mortality: fi eld trial in rural India. Lancet 1999; 354: 1955–61.

100 Baqui AH, El-Arifeen S, Darmstadt GL, et al, and the Projahnmo 
Study Group. Eff ect of community-based newborn-care intervention 
package implemented through two service-delivery strategies in 
Sylhet district, Bangladesh: a cluster-randomised controlled trial. 
Lancet 2008; 371: 1936–44.

101 Carlo WA, Goudar SS, Jehan I, et al, and the First Breath Study 
Group. Newborn-care training and perinatal mortality in developing 
countries. N Engl J Med 2010; 362: 614–23.

102 Prost A, Colbourn T, Seward N, et al. Women’s groups practising 
participatory learning and action to improve maternal and newborn 
health in low-resource settings: a systematic review and 
meta-analysis. Lancet 2013; 381: 1736–46.



Series

370 www.thelancet.com   Vol 384   July 26, 2014

103 UNICEF. Child Health Days 1999–2009: Key achievements and the 
way forward. A report prepared for the UNICEF Joint Working 
Group on Child Health Days. New York: UNICEF, 2011.

104 Darmstadt GL, Baqui AH, Choi Y, et al, and the Bangladesh 
Projahnmo-2 (Mirzapur) Study. Validation of a clinical algorithm to 
identify neonates with severe illness during routine household 
visits in rural Bangladesh. Arch Dis Child 2011; 96: 1140–46.

105 Mittal K, Gupta V, Khanna P, Kaushik JS, Sharma A. Evaluation of 
Integrated Management of Neonatal and Childhood Illness 
(IMNCI) algorithm for diagnosis and referral in under-fi ve children. 
Indian J Pediatr 2013; published online Oct 1. DOI:10.1007/s12098-
013-1225-2.

106 Bhandari N, Mazumder S, Taneja S, Sommerfelt H, Strand TA; 
IMNCI Evaluation Study Group. Eff ect of implementation of 
Integrated Management of Neonatal and Childhood Illness 
(IMNCI) programme on neonatal and infant mortality: cluster 
randomised controlled trial. BMJ 2012; 344: e1634.

107 Armstrong Schellenberg JR, Adam T, Mshinda H, et al. 
Eff ectiveness and cost of facility-based Integrated Management of 
Childhood Illness (IMCI) in Tanzania. Lancet 2004; 364: 1583–94.

108 Zaidi S, Bhutta ZA. Result based fi nancial mechanisms for 
improving maternal, newborn and child health outputs. http://
mother-childlink.tghn.org/articles/result-based-fi nancial-
mechanisms-improving-maternal-newborn-and-child-health-
outputs/ (accessed Dec 30, 2013).

109 Amudhan S, Mani K, Rai SK, Pandav CS, Krishnan A. Eff ectiveness 
of demand and supply side interventions in promoting institutional 
deliveries--a quasi-experimental trial from rural north India. 
Int J Epidemiol 2013; 42: 769–80.

110 Lim SS, Dandona L, Hoisington JA, James SL, Hogan MC, 
Gakidou E. India’s Janani Suraksha Yojana, a conditional cash 
transfer programme to increase births in health facilities: an impact 
evaluation. Lancet 2010; 375: 2009–23.

111 Robertson L, Mushati P, Eaton JW, et al. Eff ects of unconditional 
and conditional cash transfers on child health and development in 
Zimbabwe: a cluster-randomised trial. Lancet 2013; 381: 1283–92.

112 Friberg IK, Kinney MV, Lawn JE, et al, and the Science in Action: 
Saving the Lives of Africa’s Mothers, Newborns, and Children 
working group. Sub-Saharan Africa’s mothers, newborns, and 
children: how many lives could be saved with targeted health 
interventions? PLoS Med 2010; 7: e1000295.

113 PLoS Medicine Editors. Maternal health: time to deliver. PLoS Med 
2010; 7: e1000300.

114 Althabe F, Bergel E, Caff erata ML, et al. Strategies for improving 
the quality of health care in maternal and child health in low- and 
middle-income countries: an overview of systematic reviews. 
Paediatr Perinat Epidemiol 2008; 22 (suppl 1): 42–60.

115 van den Broek NR, Graham WJ. Quality of care for maternal and 
newborn health: the neglected agenda. BJOG 2009; 116 (suppl 1): 18–21.

116 Wagaarachchi PT, Fernando L. Trends in maternal mortality and 
assessment of substandard care in a tertiary care hospital. 
Eur J Obstet Gynecol Reprod Biol 2002; 101: 36–40.

117 Ivers N, Jamtvedt G, Flottorp S, et al. Audit and feedback: eff ects on 
professional practice and healthcare outcomes. 
Cochrane Database Syst Rev 2012; 6: CD000259.

118 Opiyo N, English M. In-service training for health professionals to 
improve care of the seriously ill newborn or child in low and 
middle-income countries. Cochrane Database Syst Rev 2010; 
4: CD007071.

119 Msemo G, Massawe A, Mmbando D, et al. Newborn mortality and 
fresh stillbirth rates in Tanzania after helping babies breathe 
training. Pediatrics 2013; 131: e353–60.

120 Witter S, Fretheim A, Kessy FL, Lindahl AK. Paying for performance 
to improve the delivery of health interventions in low- and middle-
income countries. Cochrane Database Syst Rev 2012; 2: CD007899.

121 Spector JM, Agrawal P, Kodkany B, et al. Improving quality of care 
for maternal and newborn health: prospective pilot study of the 
WHO safe childbirth checklist program. PLoS One 2012; 7: e35151.

122 Balas EA, Jaff rey F, Kuperman GJ, et al. Electronic communication 
with patients. Evaluation of distance medicine technology. JAMA 
1997; 278: 152–59.

123 Tan K, Lai NM. Telemedicine for the support of parents of high-risk 
newborn infants. Cochrane Database Syst Rev 2012; 6: CD006818.

124 Hodnett ED, Fredericks S, Weston J. Support during pregnancy for 
women at increased risk of low birthweight babies. 
Cochrane Database Syst Rev 2010; 6: CD000198.

125 Hodnett ED, Gates S, Hofmeyr GJ, Sakala C, Weston J. Continuous 
support for women during childbirth. Cochrane Database Syst Rev 
2011; 2: CD003766.

126 Renfrew MJ, McCormick FM, Wade A, Quinn B, Dowswell T. 
Support for healthy breastfeeding mothers with healthy term 
babies. Cochrane Database Syst Rev 2012; 5: CD001141.

127 Stenberg K, Axelson H, Sheehan P, et al, and the Study Group for 
the Global Investment Framework for Women’s Children’s Health. 
Advancing social and economic development by investing in 
women’s and children’s health: a new Global Investment 
Framework. Lancet 2014; 383: 1333–54.

128 Bhutta ZA, Das JK, Walker N, et al, and the Lancet Diarrhoea and 
Pneumonia Interventions Study Group. Interventions to address 
deaths from childhood pneumonia and diarrhoea equitably: 
what works and at what cost? Lancet 2013; 381: 1417–29.

129 Bryce J, Black RE, Walker N, Bhutta ZA, Lawn JE, Steketee RW. Can 
the world aff ord to save the lives of 6 million children each year? 
Lancet 2005; 365: 2193–200.

130 Lawn J. The price tag for newborn and child survival. Tracking 
progress in child survival: countdown to 2015; University of 
London, London, UK; Dec 13–14, 2005.

131 WHO. World health report 2005: make every mother and child 
count. Geneva: World Health Organization, 2005.

132 Singh S, Darroch JE, Ashford LS, Vlassoff  M. Adding it up: the 
costs and benefi  ts of investing in family planning and maternal 
and newborn health. New York: Guttmacher Institute and UN 
Population Fund, 2009.

133 Guttmacher Institute. Facts on investing in family planning and 
maternal and newborn health. http://www.guttmacher.org/pubs/
FB-AIU-summary.pdf (accessed April 25, 2014).

134 Taskforce for innovative international fi nancing for health systems. 
More money for health, and more health for the money. London: 
International Health Partnership, 2009.

135 WHO Commission on Macroeconomics and Health. Improving 
health outcomes of the poor: the report of Working Group 5 of the 
Commission on Macroeconomics and Health. Geneva: World 
Health Organization, 2002.

136 Bhutta ZA, Darmstadt GL, Hasan BS, Haws RA. Community-based 
interventions for improving perinatal and neonatal health outcomes 
in developing countries: a review of the evidence. Pediatrics 2005; 
115 (suppl): 519–617.

137 The Partnership for Maternal Health, Newborn and Child Health and 
the Aga Khan University. Essential interventions, commodities and 
guidelines for reproductive, maternal, newborn and child health: a 
global review of the key interventions related to reproductive, 
maternal, newborn and child Health. http://www.who.int/pmnch/
topics/part_publications/essential_interventions_18_01_2012.pdf 
(accessed 15 Jan, 2014).

138 Bhutta ZA, Black RE. Global maternal, newborn, and child health—
so near and yet so far. N Engl J Med 2013; 369: 2226–35.

139 Mason E, McDougall L, Lawn JE, et al, for The Lancet Every 
Newborn Study Group, on behalf of the Every Newborn Steering 
Committee. From evidence to action to deliver a healthy start for the 
next generation. Lancet 2014; published online May 20. http://dx.
doi.org/10.1016/S0140-6736(14)60750-9.

140 Martines J, Paul VK, Bhutta ZA, et al, and The Lancet Neonatal 
Survival Steering Team. Neonatal survival: a call for action. Lancet 
2005; 365: 1189–97.

141 Victora CG, Barros AJ, Axelson H, et al. How changes in coverage 
aff ect equity in maternal and child health interventions in 
35 Countdown to 2015 countries: an analysis of national surveys. 
Lancet 2012; 380: 1149–56.

142 Homer CSE, Friberg IK, Bastos Dias MA, et al. The projected 
impact of scaling up midwifery. Lancet (in press).

143 Dickson KE, Simen-Kapeu A, Kinney MV, et al. Health-systems 
bottlenecks and strategies to accelerate scale-up in countries. Lancet 
2014; published online May 20. http://dx.doi.org/10.1016/S0140-
6736(14)60582-1.


	Can available interventions end preventable deaths in mothers, newborn babies, and stillbirths, and at what cost?
	Introduction
	Review of interventions and delivery platforms
	Preconception: interventions before and between pregnancy
	Antenatal: interventions during pregnancy
	Interventions during labour and birth
	Interventions for immediate care for every newborn baby
	Interventions for small and ill newborn babies
	Delivery platforms and strategies to reach mothers and neonates in the greatest need
	Improvement of quality of maternal and newborn care

	Modelling of the cost and effect on stillbirths and maternal and neonatal mortality
	Methods
	Results for estimates of lives saved
	Costing results

	Discussion
	Acknowledgments
	References


