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What can work and how? An overview of evidence-based 
interventions and delivery strategies to support health and 
human development from before conception to 20 years 
Tyler Vaivada, Zohra S Lassi, Omar Irfan, Rehana A Salam, Jai K Das, Christina Oh, Bianca Carducci, Reena P Jain, Daina Als, Naeha Sharma, 
Emily C Keats, George C Patton, Margaret E Kruk, Robert E Black, Zulfiqar A Bhutta

Progress has been made globally in improving the coverage of key maternal, newborn, and early childhood 
interventions in low-income and middle-income countries, which has contributed to a decrease in child mortality and 
morbidity. However, inequities remain, and many children and adolescents are still not covered by life-saving and 
nurturing care interventions, despite their relatively low costs and high cost-effectiveness. This Series paper builds on 
a large body of work from the past two decades on evidence-based interventions and packages of care for survival, 
strategies for delivery, and platforms to reach the most vulnerable. We review the current evidence base on the 
effectiveness of a variety of essential and emerging interventions that can be delivered from before conception until 
age 20 years to help children and adolescents not only survive into adulthood, but also to grow and develop optimally, 
support their wellbeing, and help them reach their full developmental potential. Although scaling up evidence-based 
interventions in children younger than 5 years might have the greatest effect on reducing child mortality rates, we 
highlight interventions and evidence gaps for school-age children (5–9 years) and the transition from childhood to 
adolescence (10–19 years), including interventions to support mental health and positive development, and address 
unintentional injuries, neglected tropical diseases, and non-communicable diseases.

Introduction 
More than 6 years into the Sustainable Development 
Goals (SDGs) period, rampant inequalities in newborn, 
child, and adolescent survival and ill health persist both 
between and within countries.1,2 These inequities, 
coupled with inadequate coverage of essential and high-
quality health services,3 continue to prevent many of the 
world’s children from surviving to adulthood and 
achieving their full cognitive, social, and economic 
potential. Although efforts made towards achieving the 
Millennium Development Goals (MDGs) by scaling up 
key interventions and strategies to improve maternal 
and child health and nutrition were successful, progress 
in many areas seems to have slowed down.4,5 As the 
COVID-19 pandemic has shown,6 many of these gains 
are tenuous and at great risk of backsliding.7,8 For 
countries to achieve their SDGs related to child and 
adolescent health, concerted action is needed to scale up 
access to evidence-informed interventions, harness 
innovative delivery strategies to support older children 
and adolescents, and reduce inequities in coverage of 
key interventions.

In the third paper of this Series, a successor to The Lancet 
Child Survival Series,9 we update and summarise the state 
of evidence for the effectiveness of interventions across 
the continuum from preconception through adolescence 
until the 20th birthday, with a focus on interventions that 
enhance human capital across the life course. Building on 
previous evidence syntheses related to younger children 
and adolescents, this Series paper also describes the 
repertoire of integrated interventions for gaps in this 

continuum, especially the missing middle (5–14 year-
olds),10,11 including school-age children and the transition 
to early adolescence. Such gaps also exist across other risk 
factors and conditions, such as gender-based violence, 
mental health, and other non-communicable diseases. We 
have generally assumed a steady state after the pandemic 
and do not consider interventions specific to COVID-19 
mitigation and treatment.

Review of evidence-based interventions and 
delivery platforms across the life course 
We identified a broad range of existing evidence-based 
strategies from overviews and systematic reviews of 
effective reproductive, maternal, newborn, child, and 
adolescent health interventions spanning preconception 
and pregnancy to 20 years of age. We focused on 
interventions with a known effect on four outcomes of 
interest: mortality, morbidity, growth, and development. 
Although we focused on evidence from low-income and 
middle-income countries (LMICs), evidence from 
relevant high-income countries (HICs) was used when 
LMIC evidence was scarce or absent. Interventions were 
selected based on feasibility of implementation in 
LMICs. We recognise that a large proportion of the direct 
and indirect gains in health, nutrition, and human 
capital ensue from investments outside of health and 
nutrition sectors, such as poverty alleviation, education, 
environmental health improvements, addressing gender 
disparities and empowerment, and reducing conflict.12–14 
These key attributes of the inter-connectedness of the 
SDGs will be considered in the fourth paper of this 
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Series. This Series paper will principally focus on what 
can be done within the health and nutrition sectors.

Figure 1 summarises the conceptual framework of key 
intervention domains and opportunities to address risk 
factors for child and adolescent mortality and morbidity 
(adapted from Disease Control Priorities 315,16), with a 
focus on targeting the most vulnerable. Additional 
details on the effectiveness of the interventions described 
in the following sections can be found in the 
appendix (pp 5–54).

Preconception and antenatal care 
Interventions before conception 
Opportunities for optimising the health and 
development of children exist well before conception 
(table 1),17–50 although a clear definition of what that 
period constitutes is unclear. Ensuring adequate 
access to family planning services for all women can 
contribute to optimising inter-pregnancy intervals 
and improving maternal nutritional status during 
pregnancy and fetal growth. Interventions to delay age 
at first pregnancy to prevent adolescent pregnancies can 
also help to improve fetal health and development and 
reduce the risk of complications for this vulnerable 
group at high risk of adverse pregnancy outcomes. 

Despite evidence highlighting the importance of risk 
factors in this period, such as obesity, mental health, 
and exposure to violence,51–53 evidence from actual 
interventions is scarce. Optimising maternal nutrition 
during the early stages of fetal development is crucial, 
with avoidance of either obesity or undernutrition. 
Periconceptional folic acid supplementation can reduce 
the risk of neural tube defects by 47% (95% CI 33–59).19 
Care for type I and II diabetes given to women before 
pregnancy can reduce the risk of congenital 
malformations and perinatal mortality,18 and tetanus 
toxoid immunisation—either before or after con-
ception—can substantially reduce the risk of neonatal 
mortality.17,22 Interventions to address mental health 
needs and reduce intimate partner violence are clearly 
important at every stage and should be considered when 
these risks exist.54

Antenatal care interventions to support maternal and 
fetal health 
Ensuring adequate access to high-quality antenatal care 
in appropriate facility settings throughout pregnancy 
is essential to support maternal health, ensure 
optimal fetal growth and development, and improve 
birth outcomes (table 1). Integrating educational 
components into maternal and newborn community-
based intervention packages—which include ante-
natal registration and care, nutrition supplementation 
and advice, infection prevention and manage-
ment, tetanus toxoid administration, recognition of 
high-risk pregnancies, and treatment of underlying 
medical conditions—can reduce the risk of neonatal 

Key messages

• Effective, evidence-based interventions to support 
survival and development of newborns and children 
younger than 5 years exist, but need to be scaled up 
and linked to interventions in school-age children

• A good start is essential; early nurturing care 
interventions in preconception, pregnancy, childbirth, 
and early childhood have substantial positive effects 
on child survival, birth outcomes, reduced morbidity, 
and improved linear growth and developmental 
trajectories; multi-sectoral approaches are needed for 
optimal benefit

• This multisectorial, nurturing care approach for 
optimising health and wellbeing through nurturing care 
must continue into later childhood and adolescence; it 
cannot be neglected if children are to reach their full 
potential

• Although the evidence base for effective 
interventions in school-age children from systematic 
reviews of randomised trials in LMICs is scarce compared 
with children younger than 5 years, several interventions 
do exist (eg, universal and targeted interventions 
supporting vaccine uptake, injury prevention, mental 
health, sexual and reproductive health, and care 
for chronic non-communicable diseases)

• Robust health systems and key delivery platforms and 
strategies (eg, community, school, digital, and financial 
platforms) are essential to reach vulnerable mothers, 
children, and adolescents in greatest need

Search strategy and selection criteria

A scoping review was done initially with a compilation of all 
existing systematic reviews of intervention effectiveness 
cited in comprehensive overviews (appendix p 2). Additional 
focused searches of PubMed, Cochrane Library, 3ie DEP, EPPI 
DoPHER, and Google Scholar were done for systematic 
reviews, which must have synthesised the evidence for the 
effectiveness of an intervention targeting women of 
reproductive age, pregnancy, childhood, or adolescence 
from trials or quasi-experimental designs. The focused 
searches identified intervention reviews in children younger 
than 5, older children (aged 5–9 years), and adolescents 
(aged 10–19). We updated existing systematic reviews for 
interventions in children younger than 5 years (including 
preconception, pregnancy, and childbirth) and adolescents 
only if the most recent review on a specific intervention was 
done before January, 2018. For interventions targeting older 
children, in whom no comprehensive syntheses have been 
done, a series of de novo systematic reviews was done. 
A more detailed description of data sources and the 
methodology for evidence review and synthesis is outlined 
in the appendix (p 2).

See Online for appendix
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mortality by 13% (95% CI 4–20) and perinatal mortality 
by 17% (9–25).34 Contact with the health system 
during pregnancy also presents opportunities to provide 
nutrition counselling and supplements. Antenatal 
iron-folic acid supplementation prevents maternal 
anaemia.20 Multiple micronutrient supplementation 
containing iron might reduce the risk of stillbirth by 9% 
(95% CI 2–14) and small for gestational age birth by 7% 
(2–12) compared with iron-folic acid.20 Small-quantity 
lipid nutrient supplements provided to healthy pregnant 
women in LMICs can reduce the risk of small for 
gestational age birth by 6% (1–11) compared with iron-
folic acid alone, and balanced protein energy supplements 
can reduce the risk of stillbirth by 61% (20–81), perinatal 
mortality by 50% (16–70), and small for gestational age 
births by 29% (6–46; appendix p 51).21

Prevention and treatment of infectious diseases in 
pregnant women can reduce the risk of poor birth 
outcomes. Detecting and treating asymptomatic 
bacteriuria can reduce preterm birth risk by 66% (95% CI 
12–87).35 Insecticide-treated nets prevent malaria 
transmission; additional protection through intermittent 
antimalarial drug prophylaxis can reduce maternal 
anaemia by 17% (7–26) and placental parasitaemia by 46% 

(31–57), and increase birthweight (mean difference 92·7 g 
[62·1–123·4]).55 Highlighting the importance of 
vaccination, evidence exists for an increased risk for 
adverse pregnancy and birth outcomes with severe 
maternal COVID-19 infection, which is more likely in 
mothers who smoke, have obesity or diabetes, or have 
pre-eclampsia.56

Complications in pregnancy can be effectively 
diagnosed and addressed to improve maternal and 
neonatal outcomes. Lifestyle interventions to manage 
gestational diabetes mellitus can reduce preterm birth 
risk by 35% (95% CI 14–51%).57 In functioning health 
systems with requisite quality services, for pregnant 
women at high risk of complications, doppler 
velocimetry can help identify at-risk pregnancies 
requiring mitigation strategies, and reduce perinatal 
mortality by 29% (2–48).58 Antithrombotic therapy for 
placental dysfunction can also reduce preterm birth by 
26% (8–40) and perinatal mortality by 60% (22–80).23 
Although cervical cerclage might reduce the risk of 
preterm birth in women at high-risk,59 given technical 
skills needed for execution, it should be used with 
caution in LMICs in comparison with other effective 
approaches.60

Figure 1: Conceptual framework of risk factors and opportunities for intervention across the life course
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Interventions during labour, childbirth, and the 
neonatal period 
Community-based interventions for labour and 
childbirth 
Labour and birth represent a high-risk period, requiring 
a set of interventions to prevent maternal and peri-
natal mortality (table 1). Community-based intervention 
packages targeting women of reproductive age, pregnant 
women, and newborns in LMICs can improve health-
care seeking behaviour for neonatal morbidities by 42% 
(95% CI 14–77) and improve early breastfeeding rates by 
93% (55–139).33 Subgroup analyses of community 
mobilisation and home visitation found that these 
interventions reduced stillbirth by 24% (15–32) and 
neonatal mortality by 40% (28–51); community support 
and women’s groups have been shown to reduce neonatal 
mortality by 16% (4–27).33 The distribution and use of 
clean birth kits in LMIC community settings can reduce 
umbilical cord infections by 58% (3–82) and the odds of 
perinatal mortality by 30% (18–41).24

Facility-based interventions for labour and childbirth 
Attendance of a skilled health-care professional at birth is 
required to provide a safe and hygienic environment for 
the mother and newborn and for recognising and 
addressing potential complications—for which adequate 
access to high-quality emergency obstetric care is 
essential. Labour induction after 41 weeks’ gestation can 
reduce perinatal mortality by 69% (95% CI 36–85).39 
Provision of antibiotics to mothers with preterm 
premature rupture of membranes can reduce neonatal 
infections by 34% (16–48).42 For mothers at risk for 
imminent preterm birth, antenatal corticosteroids for 
fetal lung maturation can reduce neonatal respiratory 
distress syndrome by 29% (22–35), intraventricular 
haemorrhage by 42% (25–55), necrotising enterocolitis by 
50% (22–68), neonatal mortality by 22% (13–30), and the 
risk of developmental delay in childhood by 49% (3–73).38 
Although a large population-based trial61 reported the 
potential for antenatal corticosteroids to cause harm to 
mothers and newborns in LMICs, evidence from WHO 
ACTION-I, a multicountry randomised trial,62 done in 
five LMICs, showed a significant reduction in neonatal 
mortality by 16% (3–28), with no evidence of harm. WHO 
recommends that certain conditions be met to reduce 
risks associated with this intervention, including 
imminent preterm birth, absence of maternal infection, 
accurate gestational age assessment, and availability of 
adequate childbirth and newborn care.63 Magnesium 
sulfate can also provide neuroprotection to the fetus in 
mothers at risk of giving birth before term and has been 
shown to reduce risk of cerebral palsy by 32% (13–46).40,41

Routine interventions for all neonates 
Simple, low-cost, and highly effective neonatal inter-
ventions have the potential to prevent a large proportion 
of child mortality during the highly vulnerable first 

Effects Key outcomes

Mortality Morbidity or 
development

Community-based interventions

Preconception and periconception

Preconception tetanus toxoid 
immunisation (2–3 doses)17

Yes Uncertain Neonatal mortality OR 0·28 (0·15–0·52)

Maternal prepregnancy 
diabetic care18

Yes Yes Perinatal mortality RR 0·57 (0·41–0·79); 
and congenital anomalies RR 0·30 
(0·22–0·40)

Periconceptional folic acid 
supplementation19

Uncertain Yes Congenital anomalies RR 0·53 (0·41–0·67)

Pregnancy

MMN supplementation vs iron 
with or without folic acid20

Yes Yes Stillbirth RR 0·91 (0·86–0·98); and small 
for gestational age RR 0·93 (0·88–0·98)

Balanced protein-energy 
supplementation21

Yes Yes Stillbirth RR 0·39 (0·19–0·80); perinatal 
mortality RR 0·50 (0·30–0·84); and small 
for gestational age RR 0·71 (0·54–0·94)

Maternal tetanus toxoid 
immunisation (2–3 doses)22

Yes Uncertain Neonatal mortality RR 0·32 (0·17–0·55)

Antithrombotic therapy for 
placental dysfunction23

Yes Yes Preterm birth RR 0·74 (0·60–0·92); and 
perinatal mortality RR 0·40 (0·20–0·78)

SQ-LNS vs iron-folic acid20 Uncertain Yes Small for gestational age RR 0·94 
(0·89–0·99)

Labour and childbirth

Clean birth kits24 Yes Uncertain Perinatal mortality OR 0·70 (0·59–0·82)

Neonatal

Neonatal resuscitation 
training25

Yes Uncertain Early neonatal mortality RR 0·88 
(0·78–1·00); and 28-day neonatal 
mortality RR 0·55 (0·33–0·91)

Kangaroo mother care vs 
standard of care for LBW 
newborns26

Yes Uncertain Mortality RR 0·74 (0·61–0·89); severe 
infection and sepsis RR 0·85 (0·79–0·92); 
and EBF (1–3 months) RR 1·20 (1·01–1·43)

Umbilical cord antiseptics27 Yes Uncertain Neonatal mortality RR 0·79 (0·69–0·90); 
and omphalitis RR 0·65 (0·56–0·75)

Effect of preventive zinc 
supplementation in LBW 
neonates for neonatal 
sepsis28,29

Yes Uncertain Neonatal mortality RR 0·28 (0·12–0·67)

Community-based antibiotic 
delivery for possible serious 
bacterial infections30

Yes Uncertain Neonatal mortality RR 0·82 (0·68–0·99)

Breastfeeding promotion vs 
standard of care31

Yes Uncertain Diarrhoea prevalence RR 0·76 (0·67–0·85); 
early EBF initiation RR 1·20 (1·12–1·28); 
EBF at 3 months RR 2·02 (1·88–2·17); and 
EBF at 6 months RR 1·53 (1·47–1·58)

Kangaroo mother care vs 
standard of care for healthy 
term or late preterm 
newborns32

Uncertain Yes Neonatal infection RR 0·68 (0·50–0·91); 
EBF at 1 month RR 1·26 (1·07–1·50); and 
EBF at 6 weeks to 6 months RR 1·41 
(1·18–1·69)

Community-based 
intervention package for 
maternal and newborn 
health33

Yes Yes Neonatal mortality RR 0·75 (0·67–0·83); 
stillbirths RR 0·81 (0·73–0·91); perinatal 
mortality RR 0·78 (0·70–0·86); and early 
breastfeeding rate RR 1·93 (1·55–2·39)

Community-based maternal 
and newborn educational 
care packages for neonatal 
health and survival34

Yes Yes Neonatal mortality RR 0·87 (0·78–0·96); 
perinatal mortality RR 0·83 (0·75–0·91); 
Timely initiation of breastfeeding RR 1·56 
(1·37–1·77)

(Table 1 continues on next page)
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month after birth.64 Prompt neonatal resuscitation is 
necessary when birth asphyxia occurs, and appropriate 
birth attendant training might reduce neonatal mortality 
in LMICs.25,65 Proper cord cleansing, adequate thermal 
care, and promotion of early and exclusive breastfeeding 

should be delivered to all newborns (table 1). Delayed 
cord clamping (1–3 min after birth) is recommended 
for all neonates because it can reduce the risk of 
intraventricular haemorrhage by 17% (95% CI 1–30), 
neonatal mortality by 27% (2–46) in preterm neonates, 
and it might improve infant neurodevelopmental 
outcomes.43 Hygienic cord care through topical application 
of 4% chlorhexidine reduced occurrence of omphalitis by 
35% (25–44) and neonatal mortality by 21% (10–31) when 
used in community settings with high-risk of neonatal 
mortality and unclean births.66 Incentives to promote 
breastfeeding, including education and support for 
optimal breastfeeding practices, delivered by health-care 
workers and telephone platforms can improve early 
initiation of breastfeeding by 20% (12–28).31 Observa-
tional evidence also suggests substantial benefits of early 
breastfeeding initiation on neonatal survival.67 A review of 
community-based delivery platforms suggests that home 
visits from community health workers might improve the 
rates of early initiation of and exclusive breastfeeding, 
and that peer and mother groups are effective in 
increasing children’s dietary diversity and meal 
frequency.68 The combination of home visits and group 
platforms are effective in improving early initiation and 
exclusive breastfeeding rates and children’s growth 
outcomes.69 More research is required to determine the 
mechanisms by which community groups have their 
effect and which enabling factors and barriers must be 
addressed.70

Home and community-based interventions for preterm, 
low birthweight, and ill newborns 
Infants born too small or too early are an especially 
vulnerable group that requires special attention and 
care—including screening and management of serious 
infections—to reduce the risk of mortality and 
morbidity (table 1). Community-based thermal care 
using a plastic wrap can significantly increase neonatal 
core body temperatures.69 A large trial in India found 
substantial reductions in infant mortality when 
kangaroo mother care—in which the infant is carried 
with skin-to-skin contact—is initiated in community 
settings for babies with low birthweight.70 Evidence 
from both HICs and LMICs suggests topical emollient 
therapy with oil for preterm neonates can reduce 
invasive infections by 29% (95% CI 4–48) and improve 
weight gain (mean difference 2·93 g/kg per day 
[95% CI 2·11–3·76]).49 Findings from a large 
community-based trial in India on the effect of 
sunflower seed oil to prevent invasive infections and 
neonatal mortality have shown a significant 52% 
(12–74) reduction in mortality in infants with a very low 
birthweight (≤1500 g).71 In settings in which 
hospitalisation is not feasible, community-based 
provision of antibiotics for possible serious bacterial 
infection in newborns compared with standard hospital 
referral can reduce neonatal mortality.30

Effects Key outcomes

Mortality Morbidity or 
development

(Continued from previous page)

Facility-based interventions

Pregnancy

Asymptomatic bacteriuria 
detection and treatment35

Uncertain Yes Preterm birth RR 0·34 (0·13–0·88)

Periodontal disease 
management36

Uncertain Yes Low birthweight RR 0·67 (0·48–0·95)

Antenatal lower genital tract 
infection screening and 
treatment37

Uncertain Yes Preterm low birthweight RR 0·48 
(0·34–0·66)

Labour and childbirth

Corticosteroid for fetal lung 
maturation38

Yes Yes Neonatal mortality RR 0·78 (0·70–0·87); 
and developmental delay in childhood 
(2–12 years) RR 0·51 (0·27–0·97)

Induction of labour at or after 
37 weeks39

Yes Uncertain Perinatal mortality RR 0·31 (0·15–0·64)

Magnesium sulfate for 
neuroprotection40,41

Uncertain Yes Cerebral palsy RR 0·68 (0·54–0·87)

Antibiotics for preterm 
premature rupture of 
membrane42

Uncertain Yes Neonatal infection RR 0·66 (0·52–0·84)

Neonatal

Delayed cord clamping for 
preterm and LBW neonates43

Yes Yes Neonatal mortality RR 0·73 (0·54–0·98); 
and intraventricular haemorrhage RR 0·83 
(0·70–0·99)

Probiotic supplementation 
for LBW or preterm 
neonates44,45

Yes Yes All-cause mortality RR 0·80 (0·66–0·96); 
necrotising enterocolitis RR 0·46 (0·35–0·61); 
neonatal sepsis RR 0·78 (0·70–0·86); all-cause 
mortality (very preterm or low birthweight) 
RR 0·76 (0·65–0·89); and necrotising 
enterocolitis (very preterm or low 
birthweight) RR 0·54 (0·45–0·65)

Therapeutic hypothermia for 
newborns with hypoxic 
ischaemic encephalopathy or 
asphyxia (≥35 weeks)46

Yes Yes Mortality RR 0·68 (0·59–0·79); and 
neurodevelopmental disability RR 0·72 
(0·59–0·88)

Continuous distending 
pressure, prongs, and tubes 
for RDS in preterm infants47

Yes Uncertain Overall mortality RR 0·53 (0·34–0·83); and 
mortality in babies with birthweight 
>1500 g RR 0·24 (0·07–0·84)

Surfactant therapy for RDS in 
at-risk preterm neonates 
(<37 weeks)48

Yes Yes Mortality RR 0·89 (0·79–0·99)

Topical emollient therapy for 
preterm neonates 
(<37 weeks)49

Uncertain Yes Invasive infection (topical oil) RR 0·71 
(0·52–0·96)

Prophylactic phototherapy 
for preterm (<37 weeks) and 
low birthweight neonates 
with jaundice50

Uncertain Yes Neurodevelopmental impairment RR 0·85 
(0·74–0·99)

Data are effect estimates (95% CI). EBF=exclusive breastfeeding. LBW=low birthweight. OR=odds ratio.  
RDS=respiratory distress syndrome. RR=relative risk. SQ-LNS=small-quantity lipid-nutrient supplements.

Table 1: Effects of selected interventions before and during pregnancy, labour, childbirth, and the 
neonatal period on key outcomes.
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Facility-based interventions for preterm, low 
birthweight, and ill newborns 
Neonates requiring special attention must receive care 
in a specialised facility with skilled health professionals 
(table 1). Therapeutic hypothermia for prevention of 
hypoxic ischaemic encephalopathy has been shown to 
reduce both mortality by 32% (95% CI 21–41) and 
neurodevelopmental disability by 28% (12–41) in HICs.46 
However, emerging evidence suggests that this might 
not be the case in LMICs with higher risk of adverse 
outcomes.72 Prevention of respiratory distress syndrome 
with surfactant therapy in at-risk preterm neonates can 
reduce mortality by 11% (1–21),48 and management with 
continuous distending pressure can reduce mortality by 
47% (17–66);47 however, this evidence is mainly derived 
from studies in HICs. The introduction of low-cost 
nasal continuous positive airway pressure systems in 
LMICs has improved survival and outcomes.73–76

The benefits of early initiation and exclusive breast-
feeding for newborns and young infants are well 
established,77 and a range of packages are available to 
implement exclusive breastfeeding in early infancy.78 
There are also emerging interventions with evidence of 
benefit in diverse settings. Probiotic supplementation in 
preterm and low birthweight neonates in neonatal 
intensive care units in LMICs can reduce necrotising 
enterocolitis by 54% (95% CI 39–65), sepsis by 22% 
(14–30), and mortality by 20% (4–34),44 but caution has 
been advised because supplementation has not been 
standardised and there is a scarcity of pharmaceutical 
grade products.79 Emerging evidence also suggests that 
therapeutic zinc supplementation (3 mg/kg twice daily) 
for neonates and young infants with sepsis in LMICs 
can reduce mortality by 51% (13–73); preventive zinc 
supplementation in neonates with low birthweight 
can reduce mortality by 72% (33–88).28,29 Prophylactic 
postnatal anti-D immunoglobulin administration is 
highly effective in preventing Rhesus alloimmunisation 
in Rhesus-negative mothers with a Rhesus-positive 
child,80 although more research is needed to establish 
the benefits of antenatal anti-D administration.81 
Phototherapy for treatment of neonatal jaundice 
can reduce risk of severe hyperbilirubinaemia and 
neurodevelopmental impairment by 15% (1–26) in low 
birthweight infants.50

Promotion of kangaroo mother care for preterm and 
low birthweight infants born in health facilities reduces 
the risk of infant mortality by 26% (95% CI 11–39) and 
severe neonatal infection or sepsis by 15% (8–21).18 
In healthy term (≥37 weeks gestation) or late 
preterm (34–36 weeks gestation) newborns, kangaroo 
mother care can also reduce neonatal infection risk by 
32% (9–50) and increase coverage of early and 
exclusive breastfeeding until 6 months by 41% (18–69).26 
Emerging evidence also supports the benefits of 
immediate kangaroo mother care in low birthweight 
newborns (1000–1799 g) at birth in LMICs.82

Effects Key outcomes

Mortality Morbidity or 
Development

Facility-based interventions

Effect of therapeutic zinc 
supplementation on 
young infant sepsis29

Yes Yes Mortality in infants <3 months who received 
3 mg/kg twice daily RR 0·49 (0·27 to 0·87)

Community-based interventions

Preventive vitamin A 
supplementation for 
1–6 months83 and 
1–59 months94

Yes Yes All-cause mortality (1–59 months) RR 0·88 (0·83 to 
0·93); and diarrhoeal mortality (1–6 months) 
RR 0·88 (0·79 to 0·98)

Effect of breastfeeding on 
diarrhoea and pneumonia 
(not breastfed vs 
breastfed)85,86

Yes Yes All-cause mortality (0–5 months) RR 14·40 
(6·13 to 33·86); all-cause mortality (6–23 months) 
RR 3·69 (1·49 to 9·17); pneumonia prevalence 
(0–5 months) RR 5·61 (1·23 to 25·53); pneumonia 
prevalence (6–23 months) RR 1·93 (1·39 to 2·69); 
and diarrhoea incidence (6–23 months; not EBF vs 
EBF) RR 2·65 (1·72 to 4·07)

Effect of complementary 
feeding education and 
supplementary foods31

Uncertain Yes  Stunting (food provision – food secure) RR 0·47 
(0·37–0·59); WAZ (education – food secure) 
MD 0·41 (0·07 to 0·75); and WHZ (supplementary 
feeding) MD 0·15 (0·08 to 0·22)

Prevention and 
management of malaria 
in children with 
insecticide-treated nets87

Yes Uncertain All-cause child mortality RR 0·83 (0·77 to 0·89)

Oral rehydration salts for 
diarrhoea in children 
<5 years old88

Yes Uncertain Diarrhoea mortality OR 0·31 (0·20 to 0·49)

Preventive zinc 
supplementation89

Uncertain Yes Diarrhoea RR 0·89 (0·82 to 0·97); and height 
(undernourished subgroup) MD 0·09 (0·02 to 0·16)

Therapeutic zinc 
supplementation for 
diarrhoea in children aged 
1–59 months90

Uncertain Yes Diarrhoea duration MD –11·46 hours 
(–19·72 to –3·19); and persistent diarrhoea 
(≥7 days) RR 0·73 (0·61 to 0·88)

Preventive SQ-LNS 
compared with control for 
children aged 
6–24 months84,91

Yes Yes Severe stunting RR 0·83 (0·70 to 0·99); moderate 
wasting RR 0·83 (0·73 to 0·95); moderate 
underweight RR 0·88 (0·80 to 0·96); and all-cause 
child mortality RR 0·73 (0·59 to 0·89)

Iron supplementation for 
children aged 
1–59 months84

Uncertain Yes Anaemia RR 0·55 (0·44 to 0·70); haemoglobin 
MD 6·02 g/L (4·28 to 7·76); iron deficiency RR 0·21 
(0·12 to 0·39); iron deficiency anaemia RR 0·14 
(0·04 to 0·54); mental development SMD 0·14 
(0·01 to 0·28); and motor development SMD 0·28 
(0·15 to 0·40)

Multiple micronutrient 
supplementation 
including iron for children 
aged 1–59 months84

Uncertain Yes Anaemia RR 0·69 (0·56 to 0·85); haemoglobin 
MD 4·40g/L (2·91 to 5·90); iron deficiency RR 0·41 
(0·25 to 0·66); and height MD 0·36 cm (0·01 to 0·71)

MMH interventions89,92 Uncertain Yes EBF (primary MMH focus) SMD 0·155 
(0·065 to 0·246); cognitive development 
(secondary MMH focus) SMD 0·568 (0·238 to 
0·899); expressive language development SMD 
0·372 (0·045 to 0·699); EBF (focused MMH and 
integrated interventions) RR 1·39 (1·13 to 1·71); 
and height SMD 0·13 (0·02 to 0·24)

Integrated caregiving and 
early learning 
interventions89

Uncertain Yes Cognitive development SMD 0·57 (0·32 to 0·82); 
language development SMD 0·40 (0·17 to 0·63); 
and motor development SMD 0·40 (0·26 to 0·53)

Data are pooled effect estimates RR (95% CI), MD (95% CI), or SMD (95% CI). EBF=exclusive breastfeeding. MD=mean 
difference. MMH=maternal mental health. RR=relative risk. SMD=standardised mean difference. SQ-LNS=small-
quantity lipid-nutrient supplements. WAZ=weight-for-age Z score. WHZ=weight-for-height Z score.

Table 2: Effects of selected interventions on key outcomes in children younger than 5 years
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Interventions for infants and young children 
(<5 years) 
Interventions supporting the health, growth, and 
development of infants and young children (<5 years; 
table 2)29,31,83–92 involve addressing several different 
domains of risk factors, the most effective of which are 
improving nutrition, reducing the burden of infectious 
disease, and supporting optimal development.92 Although 
they represent a smaller proportion of the global 
burden of disease, addressing non-communicable 
diseases (NCDs), supporting children with disabilities, 
and preventing unintentional injuries are increas-
ingly important and merit greater attention as countries 
continue to reduce their burdens of disease attributable 
to infectious disease and malnutrition.

Infant and young child feeding 
Supporting mothers in practicing optimal breastfeeding 
is the cornerstone of early infant nutrition. Early and 
exclusive breastfeeding until 6 months reduces infant 
exposure to harmful pathogens present in foods and 
untreated drinking water. Infants in LMICs who are not 
breastfed are at substantially higher risk of morbidity and 
mortality from diarrhoea83 and pneumonia.86 Evidence 
from LMICs shows that promotion of breastfeeding can 
substantially increase the likelihood of early and exclusive 
breastfeeding at both 3 months (102% [95% CI 88–117]) 
and 6 months (53% [47–57]), in addition to reducing the 
prevalence of diarrhoea by 24% (95% CI 15–33).31

Complementary feeding education and food provision 
has substantial growth benefits in 6–24-month-old 
children in LMICs. In food secure populations, comple-
mentary feeding education alone can improve weight-for-
age Z score (mean difference 0·41 [95% CI 0·07–0·75]) 
and height-for-age Z score (0·25 [0·04–0·45]), and 
food provision can reduce the risk of stunting by 
53% (95% CI 41–63%).31 In food insecure populations, 
complementary feeding education alone also increases 
weight-for-age Z score (mean difference 0·47 [95% CI 
0·35–0·59]) and height-for-age Z score (0·26 [0·10–0·42]); 
additionally, food provision also increases height-for-age Z 
score and reduces the risk of stunting by 36% (95% CI 
8–56).32 Supplementary food provision might reduce infant 
mortality risk by 39% (3–62).31

Micronutrient supplementation in children is 
particularly important in populations at risk of deficiency. 
Vitamin A supplementation for 6–59-month-old children 
living in LMICs can reduce the risk of diarrhoea by 15% 
(95% CI 13–18) and all-cause mortality by 12% (7–17).93 In 
the neonatal period, vitamin A supplementation has 
shown benefits only in subgroup meta-analyses of trials 
from south Asia,94 which can be explained by inclusion of 
trials in populations with high prevalence of vitamin A 
deficiency.95

Preventive zinc supplementation reduces zinc 
deficiency, reduces the incidence of diarrhoea by 11% 
(95% CI 3–18), pneumonia by 13% (6–19), and might 

improve linear growth in undernourished 6–59-month-
old children.87 Zinc supplementation can modestly 
increase weight-for-age (SMD 0·16 [0·03–0·29]) and 
weight-for-length (SMD 0·15 [0·02–0·28]) Z scores in 
1–6-month-old infants.96

In 1–59-month-olds, iron supplements can reduce the 
risk of anaemia by 45% (95% CI 30–56) and multiple 
micronutrient supplements containing iron can reduce 
the risk of anaemia by 31% (15–44).87 Multiple 
micronutrients could have an effect on linear growth 
(height mean difference 0·36cm [95% CI 0·01–0·71]), 
and iron supplementation might affect mental and 
motor development.87 Micronutrient powders for home 
food fortification have been reported to reduce the risk 
of anaemia by 24% (16–31), but have been associated 
with an increase in the risk of diarrhoea by 30% (11–53).87 
Newer developments with small-quantity lipid-nutrient 
supplements given to infants (aged 6–23 months) in 
LMICs can reduce the risk of severe stunting by 17% 
(95% CI 1–30), moderate wasting by 17% (5–27), and 
moderate underweight by 12% (4–20%); they are 
generally more effective in supplementation durations 
of more than 12 months.87 Small-quantity lipid-nutrient 
supplements might also reduce child mortality by 27% 
(11–41), but more research is needed to clarify the 
mechanisms for this effect.89

The community-based management of acute 
malnutrition with ready-to-use supplementary foods can 
effectively reduce wasting,97 although inpatient care is 
necessary if complications are evident in the case of 
severe acute malnutrition.

Dietary modification interventions delivered alongside 
physical activity promotion can reduce the risk of 
obesity in 0–5-year-old children, whereas physical activity 
promotion alone appears to only be effective in reducing 
obesity in 6–18-year-olds.98

Prevention, treatment, and case management of 
infectious diseases 
Administration of the full schedule of recommended 
routine vaccinations during infancy and childhood is 
the first line of defence against common infections and 
remains one of the most cost-effective public health 
interventions. Use of insecticide-treated nets in highly 
malaria-endemic regions can reduce all-cause child 
mortality by 17% (95% CI 11–23).88 Haemophilus 
influenzae B vaccine and pneumococcal conjugate 
vaccine can also reduce the incidence and severity of 
pneumonia in children.99 Typhoid fever conjugate 
vaccines effectively reduce disease incidence when 
given to children older than 2 years.100 Targeted oral 
cholera vaccination101,102 in high-risk areas can reduce 
risk in outbreak situations. Meningococcal conjugate 
vaccines effectively reduce the risk of invasive 
meningococcal disease.103 Although children were not 
prioritised for COVID-19 vaccine research and 
development, trials have progressively included 
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adolescents, school-age children, and children younger 
than 5 years. Currently COVID-19 vaccines (mainly 
mRNA based) are being used for school-age children 
and adolescents, mainly in HICs. Research is underway 
to assess efficacy and optimal dosage and frequency in 
children younger than 5 years.

Intermittent malaria chemoprophylaxis for seasonal 
transmission reduces clinical malaria risk in infants104 
and children.105 Artemisinin-based combination therapy 
is effective for treatment of uncomplicated P falciparum 
malaria.106,107 Effective case management for pneumonia 
requires the provision of appropriate antibiotics and 
oxygen therapy.99

Deaths caused by diarrhoea are preventable with 
timely rehydration. The provision of oral rehydration 
salts for the treatment of diarrhoea in children younger 
than 5 years reduces the risk of diarrhoeal mortality by 
69% (95% 51–80).90 Therapeutic zinc supplementation 
can significantly shorten diarrhoea duration, including 
reducing the risk of diarrhoea persisting for more than 
7 days by 27% (12–39).85 Continued feeding during 
diarrhoea is also essential to maintain nutritional status 
in children; locally sourced home-made foods have 
been shown to be as effective as commercially prepared 
foods for dietary management of diarrhoea.108 In cases 
of diarrhoea or dysentery caused by cholera, shigella, or 
cryptosporidiosis, antibiotics are effective treatments.99

Mass drug administration delivering azithromycin 
every 6 months was shown to reduce child mortality by 
13·5% (95% CI 6·7–19·8%) in three African countries: 
Malawi, Tanzania, and Niger.109 However, WHO 
recommends this intervention only for 1–11-month-old 
children in very high mortality settings, alongside 
continuous antibiotic resistance monitoring.110 The 
potential emergence of macrolide resistance in these 
populations might restrict the public health use of this 
strategy.111

Improving water, sanitation, and hygiene
Increasing access to safe drinking water and sanitation 
infrastructure and improving handwashing practices 
are key preventive measures that benefit entire 
households, but particularly affect young children. 
These interventions have the potential to improve child 
growth by mitigating environmental enteric dysfunction; 
however, trials with the commonly used, low cost 
technologies to improve water supply and disposal of 
human waste have not shown benefits for growth of 
children.112,113

Point-of-use water filtration can reduce the risk of 
diarrhoea in children younger than 5 years by 53% 
(95% CI 38–64); water disinfection can reduce the risk 
of diarrhoea, in the same age group, by 29% (19–37).114 
Promotion of handwashing with soap reduces the 
risk of diarrhoea by 25% (6–40),114 and fly control 
with insecticide spraying can reduce the risk by 
23% (11–33).115

Nurturing care to optimise cognitive, motor, language, 
and socioemotional development 
Ensuring children reach their full developmental 
potential requires nurturing care interventions that 
address a set of risk factors during the crucial periods of 
preconception, pregnancy, infancy, and early childhood.92 
In addition to supporting early child health and 
nutrition, the Nurturing Care Framework1,116,117 describes 
three additional domains that are required to support 
optimal child development: responsive caregiving, safety 
and security, and early learning. Key effective 
interventions in this area encompass parenting support, 
prevention of child maltreatment, out-of-home early 
learning programmes, and social safety nets.92

WHO has released guidelines84 on recommended 
responsive caregiving and maternal psychotherapeutic 
interventions; both sets of guidelines describe inter-
ventions that might improve multiple domains of 
child development, particularly when responsive care-
giving and nutrition interventions are integrated with 
early learning. Evidence for the effect of maternal 
mental health interventions on direct measures of 
early child development is mixed,84,91 with integrated 
interventions seeming to have larger effects. Maternal 
mental health interventions can also improve exclusive 
breastfeeding practices,84,89 and they might also have 
small benefits on child height.91 Promoting safety and 
security and preventing child maltreatment through 
home visiting and positive parenting programmes have 
the potential to improve parent–child interaction and 
reduce abusive parenting in LMICs.118

Support for infants and children with intellectual, 
sensory, and physical disabilities
The early detection and management of rare congenital 
diseases through prenatal and postnatal screening and 
ongoing medical care is necessary to ensure that 
children affected by these conditions are given the 
opportunity to grow and develop optimally and survive 
into adulthood. An association between developmental 
delay and premature mortality in school-age children 
in LMICs has been reported.119 Special attention must 
be given to children living with a disability, who might 
require specialised care or accommodation to support 
their learning and development. This includes children 
with impaired sight and those with hearing loss—
which is common in LMICs due to high rates of 
chronic ear infections.

Interventions in school-age children (5–9 years) 
As children continue to grow, develop, and enter the 
school system, they experience the transitionary period 
between early childhood and adolescence. Autonomy and 
independence increase as children begin to form closer 
peer relationships and spend more time away from their 
families. Children continue to develop lifestyle habits (eg, 
physical activity, eating behaviours, and use of electronic 
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devices), and are influenced by the social and physical 
environments they reside in. Although rates of mortality 
are lower compared with children younger than 5 years, 
infectious diseases and nutritional deficiencies associated 
with poverty continue to be important causes of death 
and disability in school-age children in LMICs.1 NCDs 

and injuries also become important causes of death and 
disability in this age group, particularly in middle-income 
and high-income countries.11 Although the evidence 
base from appropriate randomised trials is scarce, 
school-based and digital platforms (including use of 
hand-held devices and internet-based learning) present 

Key outcomes

School-age children (5–9 years old)

Vaccinations

Vaccination education120 Vaccination coverage RR 2·10 (1·03 to 4·31)

Vaccination reminders120 Vaccination coverage RR 1·57 (1·20 to 2·06)

Provider-based intervention120 Vaccination coverage RR 1·22 (1·10 to 1·35)

School-based intervention120 Vaccination coverage RR 1·22 (1·13 to 1·33)

Multilevel intervention120 Vaccination coverage RR 1·08 (1·06 to 1·09)

Neglected tropical diseases

Mass drug administration for STH infection121 Prevalence of ascaris RR 0·42 (0·35 to 0·52); prevalence of trichuris RR 0·64 (0·53 to 0·77); prevalence of 
hookworm RR 0·43 (0·29 to 0·64); and height MD 0·35 (0·01 to 0·68)

Micronutrient (iron) for STH121 Anaemia prevalence RR 0·34 (0·14 to 0·81); and end of treatment haemoglobin MD 2·29 (0·48 to 4·09)

Mass drug administration for trachoma121 Ocular chlamydial infection prevalence RR 0·19 (0·04 to 0·94)

Health education for trachoma121 Mean prevalence of active trachoma MD –4·00 (–7·80 to –0·20)

Health education for Schistosoma121 Prevalence of S mansoni RR 0·10 (0·05 to 0·19)

Prevention and case management of high-burden infectious diseases

Point of use water treatment for diarrhoea 
prevention122

Diarrhoea RR 0·61 (0·49 to 0·75)

Nutrition and physical activity

Micronutrient supplements and fortification 
(general population and mostly school-age 
children)123

Anaemia RR 0·68 (0·56 to 0·84); iron deficiency anaemia RR 0·28 (0·19 to 0·39); WAZ MD 0·10 
(0·02 to 0·17); WHZ MD 0·10 (0·02 to 0·18); HAZ MD 0·09 (0·01 to 0·18); vitamin A deficiency RR 0·42 
(0·28 to 0·62); vitamin B2 deficiency RR 0·36 (0·19 to 0·68); vitamin B6 deficiency RR 0·09 
(0·02 to 0·38); and vitamin B12 deficiency RR 0·42 (0·25 to 0·71)

Lifestyle modification: obesity prevention (school-
age children and adolescents)124

Combination of diet and exercise BMI Z score MD –0·12 (–0·18 to –0·06); behavioural interventions BMI 
Z score MD –0·07 (–0·14 to 0·00); and behavioural interventions and exercise BMI Z score –0·08 
(–0·16 to 0·00)

Lifestyle modification: obesity management 
(school-age children and adolescents)124

Exercise only BMI Z score MD –0·13 (–0·20 to –0·06); exercise and behavioural therapy BMI Z score MD 
–0·08 (–0·16 to 0·00); diet and behavioural therapy BMI Z score MD –0·16 (–0·26 to –0·07); and diet and 
exercise and behavioural therapy BMI Z score MD –0·09 (–0·14 to –0·05)

School food environment policies125 Direct provision of healthful foods: consumption of fruits and vegetables 0·28 servings per day 
(0·17 to 0·40); competitive food and beverage standards: sugar-sweetened beverage intake –0·18 
servings per day (–0·31 to –0·05) and unhealthy snack intake –0·17 servings per day (–0·22 to –0·13); and 
school meal standards: fruit intake 0·76 servings per day (0·37 to 1·16) and total fat intake –1·49% 
energy (–2·42 to –0·57)

Digital-based interventions to improve health and 
healthy lifestyle choices126

Body fat percentage MD –0·35 (–0·63 to –0·06); vegetable and fruit intake MD 0·63 (0·21–1·04) servings 
per day

Non-digital interventions for screen time and 
sedentary behaviour reduction127

General screen time (mins per day) MD –11·45 (–19·18 to –3·73); TV screen time (mins per day)
MD –12·46 (–20·82 to –4·10); and sedentary behaviour (mins per day, by accelerometery) MD –3·86 
(–6·30 to –1·41)

Non-communicable diseases

Red cell transfusions for sickle cell disease128 Clinical stroke risk reduction 0·12 (0·03 to 0·49)

Treatment of streptococcal pharyngitis for 
rheumatic heart disease prevention129

Rheumatic fever risk reduction 0·41 (0·23 to 0·70)

Mental health and positive development

Vision screening and provision of free corrective 
lenses130

Wearing corrective lenses RR 1·60 (1·34 to 1·90)

School-based social and emotional learning 
interventions131

Positive social behaviour ES (Hedges’ g) 0·13 (0·05 to 0·21); academic performance ES 0·33 
(0·17 to 0·49); behaviour problems ES 0·14 (0·07 to 0·21); emotional distress ES 0·16 (0·08 to 0·23); 
and drug use ES 0·16 (0·09 to 0·24)

School-based psychosocial interventions129 Internalising disorders ES (Hedges’ g) 0·13 (0·002 to 0·26)

Cognitive-behavioural interventions for 
prevention and treatment of anxiety132

Anxiety score SMD –0·81 (–1·00 to –0·63)

(Table 3 continues on next page)
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Key outcomes

(Continued from previous page)

Adolescents (10–19 years old)

Mental health

School-based targeted group-based interventions 
and cognitive behavioural therapy133

Depressive symptoms SMD –0·16 (–0·26 to –0·05); and anxiety SMD –0·33 (–0·59 to –0·06)

School-based suicide prevention programmes133 Short-term knowledge of suicide SMD 1·51 (0·57 to 2·45); and knowledge of suicide prevention SMD 
0·72 (0·36 to 1·07)

Exercise interventions133 Self-esteem SMD 0·49 (0·16 to 0·81); depression SMD –0·62 (–0·81 to –0·42); and depression score 
(vigorous exercise compared with no intervention) SMD –0·66 (–1·25 to –0·08)

Cognitive behavioural therapy compared with 
waitlist for anxiety133

Anxiety remission OR 7·85 (5·31 to 11·6)

Substance use

School-based interventions for smoking, drug, or 
alcohol use134

Smoking uptake RR 0·80 (0·82 to 0·96); new smokers RR 0·76 (0·68 to 0·84); marijuana use 
(>12 months) RR 0·83 (0·69 to 0·99); any drug use (<12 months) RR 0·76 (0·64 to 0·89); alcohol 
consumption frequency SMD –0·91 (–1·21 to -0·61); alcohol consumption RR 0·34 (0·11 to 0·56); 
alcohol consumption (quantity per week per month) SMD 0·13 (0·07 to 0·19); and frequency of 
drinking days SMD 0·07 (0·02 to 0·13)

Family and community-based interventions for 
smoking134

Smoking prevention RR 0·81 (0·70 to 0·93)

Digital platform interventions for alcohol use134 Alcohol-related problems ES 0·16 (0·03 to 0·30); and total alcohol consumption MD –0·65 
(–1·23 to –0·07)

Unintentional injuries

Motor-vehicle injury prevention interventions135 Mean road accidents SMD –2·15 (–2·62 to –1·67)

Helmet use135 Road accidents RR 0·27 (0·09 to 0·77)

Sport-related injury prevention interventions135 Incidence of sport-related injuries RR 0·59 (0·49 to 0·72)

Vaccinations

Vaccination education136 Vaccination coverage RR 1·13 (1·06 to 1·21)

Provider-based intervention136 Vaccination coverage RR 1·09 (1·03 to 1·16)

School-based intervention136 Vaccination coverage RR 1·46 (1·22 to 1·57)

Multilevel intervention136 Vaccination coverage RR 1·16 (1·05 to 1·28)

Vaccine reminders136 Vaccination coverage RR 1·19 (1·14 to 1·23)

Policy and legislative interventions136 Vaccination coverage RR 1·85 (1·58 to 2·17)

SRH

School-based SRH education137 Use of any contraception RR 1·36 (1·05 to 1·75)

Parent-based intervention Condom use RR 1·19 (1·05 to 1·34)

Multi-component SRH education and counselling 
intervention137

Use of any contraception RR 1·76 (1·01–3·07); and condom use RR 1·28 (1·16–1·41)

Prevention of FGM137 FGM prevalence RR 0·86 (0·75 to 0·99); and knowledge of harmful consequences of FGM RR 1·53 
(1·08 to 2·16)

Adolescent nutrition

Obesity prevention and management138 BMI (management) SMD –0·24 (–0·36 to –0·13); and BMI (prevention) SMD –0·05 (–0·11 to 0·01)

Folic acid supplementation138 Serum folate SMD 1·89 (1·00 to 2·79)

Iron and folic acid supplementation138 Anaemia RR 0·48 (0·24–0·96); and haemoglobin concentration SMD 2·95 (1·96–3·95)

Vitamin A supplementation138 Anaemia RR 0·73 (0·56 to 0·93)

Multiple micronutrient supplementation138,139 Haemoglobin concentration (non-pregnant) SMD 0·55 (0·30 to 0·81); and haemoglobin concentration 
(pregnant) SMD 1·0 (0·31 to 2·28)

Nutrition education and counselling in 
pregnancy138

Preterm delivery RR 0·74 (0·57 to 0·97); birthweight SMD 0·09 (0·02 to 0·17); low birthweight RR 0·70 
(0·54 to 0·90); and birth length MD 0·30 (0·05 to 0·55)

Protein-energy supplementation for pregnant 
adolescents138

Anaemia RR 0·32 (0·26 to 0·69)

Any MMN Supplementation in pregnancy138 Iron deficiency anaemia RR 0·34 (0·13 to 0·89)

Data are estimates (95% CI). BMI=body-mass index. ES=effect size. FGM=female genital mutilation. HAZ=height-for-age Z score. MD=mean difference. MMN=multiple 
micronutrients. OR=odds ratio. RR=relative risk. SMD=standardised mean difference. SRH=sexual and reproductive health. STH=soil transmitted helminth. WAZ=weight-for-
age Z score. WHZ=weight-for-height Z score.

Table 3: Effects of selected interventions on key outcomes in 5–9-year-olds and 10–19-year-olds
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opportunities for the delivery of interventions to school-
age children (table 3).120–139

Prevention, treatment, and case management of 
infectious diseases 
Additional routine vaccinations are required during the 
school-age period, either as new vaccines targeting 
infections more common in this age group or as catch-up 
or boosters to previous immunisations. Effective 
interventions to increase vaccine coverage (eg, human 
papillomavirus [HPV] vaccine and diphtheria, pertussis, 
and tetanus vaccine boosters) include reminders, which 
increased coverage by 57% (95% CI 20–106); education, 
which increased coverage by 110% (3–331); school-based 
programmes, which increased coverage by 22% (13–33); 
and provider-based interventions, which increased 
coverage by 22% (10–35).120 Effective vaccines for 
preventing typhoid fever in school-age children and 
adolescents, such as the Vi polysaccharide and Ty21A 
vaccines, are available.140 Provider-based interventions, 
financial incentives, and multicomponent or multilevel 
interventions that combine several delivery strategies are 
also effective in improving HPV vaccine coverage.141 
Alternative dosing schedules can also improve operational 
flexibility in reaching adolescents with HPV vaccines,142 
and preliminary evidence suggests that interventions 
can address inequities in coverage in marginalised 
populations.143 Policy change and legislative action at the 
national level can help improve the coverage of a variety of 
routine vaccinations and address vaccine hesitancy.

Point of use water treatment can reduce diarrhoea 
risk by 39% (95% CI 25–51) in school-age children and 
adolescents.122 Addressing high burdens of neglected 
tropical diseases with targeted strategies is necessary 
to reduce avoidable morbidity in vulnerable child 
populations—particularly people living in extreme 
poverty. In addition to improving water, sanitation, and 
hygiene conditions through continued implementation 
of strategies discussed previously, a combination of 
health education, behaviour change, vector control, 
and drug administration can help to prevent and treat 
neglected tropical diseases.121

 Mass drug administration is effective in reducing 
the prevalence of infection by multiple species of soil-
transmitted helminths, although evidence for the 
effect of mass drug administration on other outcomes 
is mixed. Meta-analyses using a variety of methods 
found little to no benefit of mass drug admini-
stration for deworming on height, weight, haemo-
globin concentration, or cognition.121,144–146 Mass drug 
administration of azithromycin and health education 
is also effective in reducing the prevalence of trachoma 
caused by ocular chlamydial infection.

Nutrition and physical activity for school-age children 
Combined diet and exercise interventions for obesity 
prevention in children and adolescents might reduce 

body-mass index (BMI; mean difference –0·41 [95% CI 
–0·60 to –0·21]);124 however, high-quality evidence from 
LMICs, in which obesity is a growing problem, is 
scarce. For management of obesity, exercise alone; 
combination of diet and behavioural therapy; and 
combination of diet, exercise, and behavioural therapy 
might reduce BMI. Physical activity promotion alone 
appears to be effective in reducing obesity in 6–18-year-
olds.98 Evidence from HICs suggests school food 
environment policies can increase healthy eating 
behaviour.125 School feeding programmes containing 
meals fortified with key micronutrients might provide 
small benefits to disadvantaged children, including 
improved school attendance.147

Prevention of unintentional injuries 
The proportion of child mortality and disability 
resulting from unintentional injuries is higher in 
5–9-year-olds due to increased exposure to situations in 
which drowning, road traffic injuries, falls, burns, and 
poisonings can occur. Key interventions identified by a 
targeted systematic review148 of experimental evidence 
in this age group included laws and legislation, 
infrastructure development, education (eg, cycling 
courses, helmet use, and swimming instruction), and 
multiple modes of general safety training that include 
digital and school-based platforms. However, the 
evidence for the effects of these interventions on 
outcomes was mainly restricted to knowledge and 
practice of safe or unsafe behaviours, with injury-
related and mortality outcomes sparsely reported. 
Formal swimming lessons provided to children and 
adolescents younger than 19 years might substantially 
reduce drowning risk,149 and some evidence suggests 
that the use of crèches or nursery schools in younger 
children (aged 12–47 months) might effectively prevent 
drowning in rural Bangladesh.150

Sexual and reproductive health and rights 
A targeted systematic review151 examining interventions 
promoting sexual and reproductive health and rights for 
school-age children identified effective educational 
interventions designed to prevent childhood sexual abuse 
and HIV in children, and reported strong evidence for 
improved knowledge of childhood sexual abuse 
prevention concepts, and low and very low certainty 
evidence of improved protective attitudes, behaviours, 
and skills to protect against childhood sexual abuse, 
gender-based violence, and HIV infection.

Promoting positive child development and mental 
health 
In addition to the continued provision of the elements 
of nurturing care (ie, responsive relationships, safety 
and security, and learning opportunities) supporting 
positive development and mental health in school-
age children involves nurturing resilience, self-esteem, 
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socioemotional skills, and wellbeing. A meta-analysis 
of the effects of school-based social and emotional 
learning interventions131 found significant benefits on 
social-emotion skills, attitudes, and wellbeing indicators 
across racial, socioeconomic, and geographical contexts. 
For children who have difficulty learning due to visual 
acuity issues, vision screening and the provision of free 
corrective lenses can increase the proportion of children 
in need who are wearing glasses.130

A meta-analysis of the effectiveness of school-based, 
teacher-delivered psychosocial interventions found 
significant reductions in internalising outcomes such as 
anxiety or depression.152 Evidence from HICs suggests that 
cognitive behavioural intervention to prevent and treat 
anxiety in younger children can effectively and sustainably 
reduce measures of anxiety (standardised mean difference 
–0·81 [95% CI –1·00 to –0·63]).132 Parenting programmes 
to prevent or treat problems with behaviour in 3–10-year-
old children have been found to be effective and 
translatable to a variety of settings with diverse cultural 
and socioeconomic contexts.153 The findings of a global 
overview of systematic reviews154 suggest that violence 
prevention through parent education programmes can 
prevent and reduce child maltreatment, although high-
quality evidence of effectiveness from LMICs is scarce.

Specialised interventions for neglected NCDs and 
disabilities 
The Lancet Commission on NCDs and injuries in the 
world’s poorest billion people,155 published in 2020, 
identified some key NCD care priorities relevant to 
school-age children. At a hospital level, these include 
treatment of early-stage childhood cancers and universal 
newborn screening for sickle cell disease. At a primary-
care facility level, these include treatment of acute 
pharyngitis for rheumatic fever prevention, which can be 
reduced by 59% (95% CI 30–77) through treatment of 
streptococcal pharyngitis with penicillin in school-based 
and community-based programmes,129 and secondary 
penicillin prophylaxis for rheumatic fever treatment and 
rheumatic heart disease prevention. Additional priorities 
include low-dose inhaled corticosteroids for asthma, and 
acute stabilisation and long-term management of 
epilepsy.

Although hydroxyurea has been shown to be effective in 
reducing the frequency of pain crises and increasing fetal 
haemoglobin concentration in those with sickle cell 
disease, the long-term benefits, potential risks, and 
optimal dose are not yet known.156 In a trial in sub-Saharan 
Africa, which evaluated the feasibility, safety, and benefits 
of hydroxyurea treatment in young children (1–10 years), 
the overall rate of sickle cell-related events was significantly 
reduced (incidence rate ratio 0·47 [95% CI 0·38–0·57]), 
which was mainly due to reduced incidence of vaco-
occlusive pain or dactylitis (IRR 0·45 [0·37–0·56]).157 
Additionally, prompt detection and treatment of children 
with thalassemia or other haemoglobinopathies is crucial 

to support healthy growth and development, with a focus 
on ensuring adequate serum haemoglobin concentrations 
through transfusions and managing iron overload with 
chelation therapy.158

Interventions for adolescents 
Adolescence (10–19 years of age) represents a period of 
rapid change in the lives of children, involving rapid 
growth, pubertal development, sexual maturation, and 
increased autonomy in decision making and relationships. 
This new stage presents emergent risks and conditions, 
including the development of non-communicable 
diseases, mental health conditions, injuries, adolescent 
pregnancy, and sexually transmitted infections. School-
based interventions that work for younger school-age 
children might not have the same effect when delivered 
to adolescents, and so should be tailored to this more 
mature age group to maximise effectiveness.159

Mortality outcomes are sparsely reported in studies 
evaluating interventions directed at adolescents, espe-
cially younger adolescents (10–14 years of age; table 3). 
Outcomes such as self-reported knowledge and behaviour 
are common, but links to clinical and functional 
outcomes are not always clear. Notwithstanding the 
variable quantum and quality of evidence from LMICs, 
studies reporting prevalence of morbidities, such as 
clinically diagnosed mental illness or injury, provide 
much insight into the ultimate effectiveness of these 
interventions on adolescent health, agency, and 
wellbeing.

Infection prevention and treatment 
Catch-up vaccinations and recommended boosters 
should be provided during adolescence to maximise 
coverage of key immunisations (eg, HPV vaccine), for 
which school requirements, vaccine reminders, and 
national permissive recommendations are effective.133 
The provision of sexual health education can increase the 
rate of condom use for the prevention of sexually 
transmitted infections.137

Adolescent nutrition 
Evidence on the effects of micronutrient supplementation 
or fortification on the health and nutritional status of 
adolescents in LMICs is scarce.139 Multiple micronutrient 
supplementation in non-pregnant adolescents can 
effectively improve haemoglobin concentrations,138 
potentially reduce micronutrient deficiencies, and support 
adequate folate status for subsequent pregnancy.138 
Adolescent obesity management interventions might 
have a small effect on BMI reduction.138

Supporting adolescent mental health 
Supportive strategies for adolescent mental health can 
include universal interventions, delivered in schools, 
which promote positive development and social 
relationships, resilience, and healthy coping strategies. 
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School-based, targeted, and group-based interventions; 
exercise; and cognitive behavioural therapy can reduce 
symptoms of depression and anxiety and improve self-
esteem.133 Interventions for the prevention of substance 
abuse can be effectively delivered through schools, 
families, communities, and digital platforms.3,134 A large 
meta-analysis160 of universal and selective interventions for 
mental health promotion (eg, psychoeducation and 
psychotherapy) in young people found improved 
outcomes across a range of domains, with greatest effects 

seen on improved mental health literacy, emotional states, 
and self-perceptions and values.

Restriction of access to lethal means (eg, firearms), 
analgesics, and suicide hotspots, are key population-based 
actions to help prevent suicide.161 Preven-tion of self-harm 
through school-based suicide preven tion programmes can 
effectively improve short-term knowledge of suicide and 
prevention strategies in adolescents,133 and some evidence 
exists that suggests that they can also prevent suicidal 
ideation and attempts.162

Figure 2: Intervention packages by age group and effect on mortality, morbidity, nutrition, growth, and development
More detail is provided in the appendix (p 4).
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Life course

Preconception 
and pregnancy

Labour, birth, and newborn Infancy and toddlerhood
(0–2 years old)

Preschool 
(3–4 years old)

Mid-childhood 
(5–9 years old)

Early adolescence
(10–14 years old)

Late adolescence 
(15–19 years old)

• Routine antenatal care 
and management of 
maternal chronic 
illness and pregnancy 
complications

• Maternal nutritional 
supplementation

• Skilled birth attendance and clean birth kits
• Delayed cord clamping and hygienic cord care
• Emergency management of birth complications and 

asphyxia
• Kangaroo mother care for low birthweight newborns
• Corticosteroids for imminent preterm birth, and 

specialised care for preterm, low birthweight, and ill 
neonates

• Promotion of early initiation and exclusive breastfeeding

• Swimming lessons, unintentional injury prevention 
programmes, and policies for bicycle and road safety

• Diagnosis and management of chronic non-
communicable diseases and disability (eg, epilepsy, 
cancer, and cerebral palsy)

• Suicide prevention programmes 

• Promotion of exclusive breastfeeding 
until 6 months, and continued feeding 
for 2 years 

• Vitamin A supplementation
• Preventive small-quantity lipid-nutrient 

supplements 

• Lifestyle interventions 
for gestational 
diabetes mellitus

• Antenatal infection 
screening and 
treatment

• Maternal antibiotics for preterm premature rupture of 
membranes

• Kangaroo mother care for healthy newborns
• Topical emollient therapy for preterm neonates
• Ibuprofen for patent ductus arteriosus

• Universal promotion of mental health and positive 
development, and targeted interventions for prevention 
and management of mental illness and substance use

• Education and support for management of chronic 
non-communicable diseases (eg, asthma and sickle cell 
disease)

• Treatment of streptococcal pharyngitis for rheumatic 
fever and heart disease prevention

• Mass drug administration, health education, and vector 
control for neglected tropical diseases

• Unintentional injury prevention programmes and 
policies

• Educational interventions for sexual and reproductive 
health and rights, prevention of female genital 
mutilation, and prevention of early marriage and 
adolescent pregnancy

• Preventive and therapeutic zinc 
supplementation

• Promotion of optimal feeding strategies 
for diarrhoea

• Antibiotics for treatment of childhood 
infections

• Periconceptional folic 
acid

• Small-quantity 
lipid-nutrient 
supplements

• Support for maternal 
mental health

• Magnesium sulfate for fetal neuroprotection and early 
developmental intervention for preterm infants

• Sound reduction for preterm in neonatal intensive care 
units

• Prophylactic phototherapy for preterm birth and low 
birthweight neonates with jaundice

• Supporting positive child and adolescent development, 
resilience, and wellbeing

• Vision screening and provision of free corrective lenses
• Prevention of bullying, violence, and abuse, and 

addressing behavioural concerns
• Education and media messaging on healthy eating and 

physical activity education
• Lifestyle modification for obesity prevention and 

management
• Micronutrient supplements and school feeding 

programmes
• Health education for oral health

• Zinc supplementation for growth
• Complementary feeding education and 

provision
• Micronutrient supplementation
• Integrated responsive caregiving and 

early learning interventions

• Provision of contraceptives
• Nutrition education and counselling in 

adolescent pregnancy

• Adolescent-friendly health services

• Routine age-appropriate vaccination for mothers, children, and adolescents
• Provision and promotion of insecticide-treated bednets
• Oral rehydration salts for diarrhoea treatment
• Antibiotics for treatment of severe infections and sepsis

• Promotion of improved water, sanitation, and hygiene conditions

• Prevention of gender-based violence
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Prevention of unintentional injuries 
Road traffic injuries represent a significant cause of 
morbidity and mortality in this age group because 
adolescents generally become more independently 
mobile in cars and public transport than their younger 
counterparts. Interventions to prevent motor vehicle 
injury can reduce road traffic injury frequency.135 
Additionally, school-based prevention interventions can 
reduce the risk of sport-related injuries by 41% (28–51).135

Sexual and reproductive health and rights for 
adolescents 
Single and multicomponent education and empower-
ment interventions leveraging multiple delivery platforms, 
including peer-led, parent-based, school-based, clinic-
based, and technology-based interventions, can improve 
adolescents’ knowledge of sexual and reproductive health 
and rights, the use of modern contraceptive methods, and 
reduce the risk of adolescent pregnancy.137 A variety of 
effective interventions exist to help prevent unintended 
pregnancies during adolescence, and the combination of 
education and promotion of contraceptives can reduce 
rates of unintended adolescent pregnancy.163 A review of 
school-based condom availability programmes found that 
they can increase condom obtainment and use, and do not 
increase sexual activity.164

A meta-analysis of three randomised trials examined 
the effect of interventions modifying the school 
environment (including social inclusion and support, 
changing norms and school climate, and educational 
engagement), and found these reduced the odds of 
sexual debut at longest follow-up (odds ratio 0·5 
[95% CI 0·4–0·7]).165 Key characteristics of effective 
sexual health promotion interventions identified in an 
overview of reviews included longer programme 
duration, increased session frequency, multisetting 
implementation, parental involvement, and tailoring to 
the age, gender, and culture of the participants.166 
Interventions to prevent female genital mutilation can 
also help increase knowledge of the harmful 
consequences of female genital mutilation, and might 
help to reduce its prevalence.137

Combining interventions as packages of care for 
child survival, health, and development 
We highlight key interventions to include in a set 
of recommended packages of care to support child 
and adolescent survival, health, and human capital 
development over the life course (figure 2). These 
interventions were selected based on several criteria, 
including evidence of benefit in the context of total 
disease burden; fit with existing services and training 

Panel: Cross-cutting interventions and delivery strategies

Delivery strategies to improve vaccination coverage
In hard to reach areas outreach programmes, such as home 
visits or community immunisation days, can improve 
community ownership and vaccination coverage. Health 
education for caregivers and community members aims to aid 
in informed decision making. A systematic review found that 
face-to-face interventions to inform or educate parents might 
improve vaccination status by 20% (risk ratio [RR] 
1·20 [95% CI 1·04–1·37]).167 Another review found that postal 
and telephone reminders to parents for vaccinations were 
quite effective.168 SMS messages to caregivers alongside 
compliance-linked incentives have been shown 
to improve immunisation coverage.169,170 Similarly, automated 
calls paired with SMS message reminders improved coverage 
of all routine immunisations by 12 months of age 
by 22% (RR 1·22 [95% CI 1·04–1·43]).171 In summary, multiple 
delivery platforms might be required to maximise vaccine 
coverage, and the relative importance of the different 
interventions changes across the life course.

Financial platforms and social safety nets
Financial incentive programmes have been hypothesised 
to improve child health through increased coverage of 
interventions and access to healthcare; however, evidence is 
scarce and of low quality.172 The effects of financial services on 
poverty indicators, women’s empowerment, meaningful 
behavioural change outcomes, health status, and other social 
outcomes appears to be small and inconsistent.173

Conditional cash transfers can affect determinants of health174 
and, depending upon the conditionality,175 are effective in 
improving access to health-care services, maternal and child 
nutrition, immunisation coverage, health service use, 
reducing morbidity risk, addressing household poverty, and 
encouraging healthy behaviours.176–178

A Cochrane review179 examined the effect of conditional cash 
transfers in community settings in low-income and middle-
income countries on food security. The study reported that 
they did not affect child stunting or wasting rates, but they 
could improve cognitive functioning.

Unconditional cash transfers can also improve household 
food security, reduce childhood stunting,179 and have also 
been shown to reduce likelihood of illness (odds ratio 0·73 
[95% CI 0·57–0·93]), increase dietary diversity (mean 
difference 0·59 [95% CI 0·18–1·01]), and school attendance 
(RR 1·06 [95% CI 1·03–1·09]).180 Vouchers for maternity care 
services can increase antenatal care visits by more than five 
percentage points, the proportion of births in health-care 
facilities by five percentage points, births with skilled 
attendants by 12–13 percentage points,181 and general delivery 
of health services.182 Although microcredit and microsavings 
can positively affect health, food security, and housing, some 
counterintuitive effects have been noted on child education 
and women’s empowerment,183 underscoring the 
importance of functional and well connected health and 
education systems.184
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needs; ease of integration and costs of scale-up; 
feasibility and contextual flexibility (eg, extreme poverty, 
conflict, and displacement); and cross-sectoral planning 
and integration. We modified the recommendations for 
these expanded packages from the essential interventions 
within Disease Control Priorities 3 compilation.15,16

Effective cross-cutting strategies that can be delivered 
across the life course—including vaccination promotion, 
financial platforms, and social safety nets—are summa-
rised in the panel.167–184 We also specifically reviewed 
additional interventions involving the promotion of 
healthy lifestyle choices and digital delivery strategies, 
which are described in the appendix (p 3).126,127

Conclusions and implications for action 
Our review of a broad landscape of interventions to 
address fetal health and the spectrum of newborns, 
children younger than 5 years, school-age children 
(5–9 years), and adolescents (10–19 years), suggests that, 
despite limitations and a focus of the published literature 
on children younger than 5 years, we know enough to 
integrate interventions to promote child health and 
development across the entire period encompassing 
pregnancy, early childhood, school-age, and adolescence. 
As underscored in an in-depth review of interventions 
to address maternal and child undernutrition,77 
many evidence-based nutrition interventions in the 
preconception and pregnancy period can influence fetal 
growth as well as linear growth and developmental 
outcomes in childhood. The key challenge relates to 
selecting appropriate delivery platforms and ensuring 
continuation of services across age bands.

We also identify several new and promising oppor-
tunities for promoting and delivering interventions 
beyond traditional community outreach and health 
systems. For school-age children and adolescents, in 
addition to the need for strengthening quality care within 
health systems, schools provide additional exciting 
opportunities for delivering preventive, promotive, 
and supportive care, especially when linked with their 
catchment communities. In addition to addressing 
common ailments and immunisations, school health 
programmes can help screen children for nutritional 
problems, anaemia, vision and dental problems, 
mental health (including anxiety and depression), and 
learning disabilities. Some school-based programmes, 
especially health days and campaigns, can also serve as 
a mechanism for attracting children not enrolled 
in schools and their families and provide important 
epidemiological information on health and nutrition in 
the catchment population. Adolescent groups and youth 
groups provide important opportunities for learning and 
reaching out at a sensitive age to identify individuals at 
risk, and could be linked to digital platforms.

As the COVID-19 pandemic and its related restrictions 
and school closures have shown, the mental health needs 
of school-age children and adolescents are considerable 

and both schools and health systems need to gear up to 
these emerging needs as we rebuild equitable and 
resilient services after the COVID-19 pandemic.

A core principle of these opportunities is the ability 
to reach those in greatest need at scale. Universal 
health coverage is the dominant mechanism proposed 
for health equity and for reaching health and health-
related SDGs.185 An important component of universal 
health coverage in the context of addressing all health 
and development needs of children and adolescents is 
the inclusion of interventions for NCDs, especially 
those that affect the poorest populations.155 Given the 
dominance of mental health disorders186 and accidents 
and injuries149 as children transition to adolescence, 
health systems will need to deal with these challenges 
by engaging competent and well trained multi-
disciplinary teams, and by providing the requisite 
financial protection to families to enable quality care. 
Addressing relatively neglected areas in child health, 
such as the care of children with sickle cell disease187 or 
potentially curable haematological malignancies (eg, 
acute lymphoblastic leukaemia),188 and addressing 
childhood rheumatological disorders will also prevent 
amenable child deaths. Global success in reducing 
infectious disease-related morbidity and mortality in 
early childhood also encourages us to increase the 
repertoire of interventions across the life course to age 
20 years, such as those related to NCD prevention. 
With less than a decade left to achieve the SDG 3 
targets, adding additional evidence-informed inter-
ventions that can be implemented across the entire 
age continuum of childhood to optimise health and 
developmental outcomes and build human capital are 
essential.
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