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Learning Objectives
 Review historical trends in child mortality

 Define Millennium Development Goal 4 (MDG-4) and 
Sustainable Development Goal 3.2

 Identify current progress in mortality reduction

 Identify major causes of domestic and international mortality

 Identify and describe effective interventions

Historical Trends in Child Mortality
 Under-5 mortality = probability of dying by 5th birthday/1000 

live births

Why under 5?
 Shift in major causes of mortality

 Early life causes have less of an impact afterwards

 U5MR has plummeted since the 19th century
 Role of modern transition / standard of living increase

 Advances in science and technology

 Public health campaigns

Historical Trends in Child Mortality
 Rate of U5MR (CMR) was halved 1960-1990
 Developing world

 88-93/1000

 12.4 million deaths in 1990

 Large inequities

 1990 World Summit for Children
 Goal: reduction to 70/1000 or 1/3 by region

 10-year goal

 Unsuccessful
 Slowing in reduction: 2.5% annual decrease-> 1.1%

Black, R. E., Morris, S. S., & Bryce, J. (2003). Where and why are 10 million children dying each year? Lancet , 361, 
2226-34.
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MDG-4
Millennium Declaration by the United Nations (2000)

Every individual has the right to dignity, freedom, equality, and 
a basic standard of living that includes freedom from hunger 
and violence, and encourages tolerance and solidarity

MDG-4
 2002 – Office of Economic Cooperation and Development
 Release of the Millennium Development Goals (MDG)
 Health

 Economic

 Education

 Environmental

 MDG-4: Reduce by two-thirds, between 1990 and 2015, the 
under-five mortality rate
 Target: 31/1000

 Required an average 4.4% annual reduction globally
Black, R. E., Morris, S. S., & Bryce, J. (2003). Where and why are 10 million children dying each year? Lancet , 361, 
2226-34.

Target Countries
 Low/Middle Income (LMIC) vs High Income Countries (HIC)
 18x more likely to die before 5

 42 countries account for 90% of deaths

 68 countries account for 97% of deaths

 Highest rates in Sub-Saharan Africa and Southern Asia

Countdown Coverage Writing Group. (2008). Countdown to 2015 for maternal, newborn, and child 
survival: the 2008 report on tracking coverage of interventions. 
Lancet , 371, 1247-58.
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Black, R. E., Morris, S. S., & Bryce, J. (2003). Where and why are 10 million children dying each year? Lancet , 361, 2226-
34.

Child Deaths (2000)

Countdown Coverage Writing Group. (2008). Countdown to 2015 for maternal, newborn, and child survival: the 2008 
report on tracking coverage of interventions. Lancet , 371, 1247-58.

Target Countries (2008)

Target Countries
Total Deaths (2000) Probability of Death (2000)

Country Under-5 deaths Country U5MR

India 2,402,000 Sierra Leone 316

Nigeria 834,000 Niger 270

China 784,000 Angola 260

Pakistan 565,000 Afghanistan 257

DR Congo 484,000 Liberia 235

Black, R. E., Morris, S. S., & Bryce, J. (2003). Where and why are 10 million children dying each year? Lancet , 361, 2226-
34.
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Was MDG-4 Successful?
 Overall reduction rate of 53%
 43/1000 

 Fell short of total goal of 31/1000

 4 million fewer deaths/year in 2015 (compared to 2000)

 Regional variations in success
 Sub-Saharan African countries experienced a two-fold increase 

in reduction rates
 2.947 million fewer deaths annually by 2015

 Asia experienced a 50% increase in reduction rates (compared to 
pre-MDG implementation in 2000)

Target Countries
Total Deaths

Country 2000 2017

India 2,402,000 1,040,000

Nigeria 834,000 790,000

Pakistan 565,000 340,000

DR Congo 484,000 250,000

Black, R. E., Morris, S. S., & Bryce, J. (2003). Where and why are 10 million children dying each year? Lancet , 361, 2226-
34.

Progress
 Downtrend in under 5 

mortality
 1990: 12.4 million deaths

 2000: 10.8 million

 2010: 7.6 million

 2015: 5.9 million

 Neonatal mortality 
 slow to change

Rajaratnam et al. (2010). Neonatal, postneonatal, childhood, and under-5 mortality for 187 countries, 1970-2010: a 
systematic analysis of progress towards Millennium Development Goal 4. Lancet , 375, 1988-2008.
Liu et al. (2012). Global, regional, and national causes of child mortality: an updated systematic analysis for 2010 
with time trends since 2000. Lancet, 379:2151-2161. 
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The Lancet 2016 388, 1725-1774DOI: (10.1016/S0140-6736(16)31575-6) 

Under-5 Mortality (2015)

Causes of Mortality (2015)
 5.942 million deaths 
 Preterm
 Pneumonia
 Intrapartum

 45% in neonatal period
 Preterm
 Intrapartum
 Sepsis

 54% in 1 m/o-59 m/o
 Pneumonia
 Diarrhea
 Injuries
 Malaria

The Lancet 2016 388, 3027-3035DOI: (10.1016/S0140-6736(16)31593-8) 
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The Lancet 2016 388, 3027-3035DOI: (10.1016/S0140-6736(16)31593-8) 

The Lancet 2016 388, 1725-1774DOI: (10.1016/S0140-6736(16)31575-6) 

Variations by mortality strata
U5MR Mortality 
Strata (x/1000)

# of 
countries

% of total 
deaths

Causes

Very high
(≥ 100)

7 20% • Pneumonia
• Malaria
• Diarrhea

High (75-<100) 17 23.7% • Pre-term birth
• Pneumonia
• Intrapartum

Medium-High
(50-<75)

20 11%

Medium (25-
<50)

36 34.9%

Low
(10-<25)

54 9% • Congenital abnormalities
• Preterm birth complications
• Pneumonia
• Intrapartum

Very Low
(<10)

60 2% • Congenital abnormalities
• Preterm birth complications
• Injuries
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Webappendix	5.	CSMFs	of	the	10	countries	with	the	highest	U5MR	in	2015		

	
	*CSMFs	are	not	labeled	if	less	than	2%	
Countries	are	ordered	from	the	highest	U5MR	to	the	lowest	from	left	to	right.	
The Lancet 2016 388, 3027-3035DOI: (10.1016/S0140-6736(16)31593-8) 

Webappendix	4.	CSMFs	of	the	top	10	countries	with	the	highest	number	of	under‐five	deaths	in	2015		

	
*CSMFs	are	not	labeled	if	less	than	2%	
Countries	are	ordered	from	the	highest	number	of	under‐five	deaths	to	the	lowest	from	left	to	right.		

The Lancet 2016 388, 3027-3035DOI: (10.1016/S0140-6736(16)31593-8) 

Africa (3.552 million) SE Asia (2.096 million)

Regional Variation (2010)

Liu et al. (2012). Global, regional, and national causes of child mortality: an updated systematic analysis for 2010 
with time trends since 2000. Lancet, 379:2151-2161. 
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Impact of Malnutrition
 Malnutrition
 Not reported as direct cause
 Major precipitant
 53% of all deaths
 Mild malnutrition: 2x risk of death
 Moderate to severe malnutrition: 5-

8x risk of death

 Correlation to death (> -1 SD):
 Diarrhea: 61%
 Malaria: 57%
 Pneumonia: 53%
 Measles: 53%

Black, R. E., Morris, S. S., & Bryce, J. (2003). Where and why are 10 million children dying each year? Lancet , 361, 2226-34.

Neonatal Mortality (2008)
 Accounts for 41% of total U5M
 28 days vs 1800 days

 30x Risk

 99% of neonatal deaths in LMIC

 Greatest risk of death: first 24 hours

 Slowest group of decline

 Linked to maternal mortality
 500,000 deaths per year

 Lifetime risk: 1/10 in some regions

Lawn, J. E., Cousens, S., & Zupan, J. (2005). 4 millions neonatal deaths: When? Where? Why? Lancet , 365, 891-900.
Black et al. (2010). Global, regional, and national causes of child mortality in 2008: a systematic analysis. Lancet , 375, 
1969-87.

Neonatal Mortality
 Causes
 Preterm
 Infection – Pneumonia, Sepsis
 Asphyxia – Intrapartum ischemic 

injury
 Tetanus

 Low birth weight infants have 
worse outcomes
 IUGR
 Prematurity
 Linked to maternal health

Lawn, J. E., Cousens, S., & Zupan, J. (2005). 4 millions neonatal deaths: When? Where? Why? Lancet , 365, 891-900.
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Lawn, J. E., Cousens, S., & Zupan, J. (2005). 4 millions neonatal deaths: When? Where? Why? Lancet , 365, 891-900.

Risk of Death By Day of Life

Mortality in the US (2018)
 Child mortality in children aged 1-4: 0.932/1000/yr

 U5MR: 6.53/1000 live births (UNICEF)
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Comparison: Deaths/1000 live births (2011)
0-6 days

(Early Neo)
7-28 days
(Late neo)

29-364 
days

(Post-neo)

1-4 years Under 5y

Worldwide 16.1 5.2 16.0 16.5 52.8

Developing 17.7 5.8 17.8 18.4 58.5

Developed 2.6 0.8 1.9 1.2 6.6

USA 3.1 0.8 2.0 1.2 7.1

Lozano, et al. (2011) Progress towards Millennium Development Goals 4 and 5 on maternal and child mortality: an updated 
systematic analysis. Lancet, 378:1139-1165.

Sustainable 
Development 
Goals (2015)

• 3.2: End preventable deaths of 
newborns and children under-5 
by 2030

• Equates to mortality rate of 25 
child deaths/1000 live births

• 12 neonatal deaths/1000 live 
births

Interventions
The way forward…



3/10/2020

12

Task:
 X-axis: Major causes of mortality

 Y-axis: Proposed interventions

 Challenge: Mark the boxes where an intervention has a 
measureable and evidence based impact on mortality

 Hint: Interventions can be effective against more than one 
cause

Jones et al. (2003). How many child deaths can we prevent this year. Lancet , 362, 65-71.
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Interventions
 Lancet 2003 meta-analysis: 
 At least one intervention for every cause

 Exception: neonatal asphyxia 

 New data (2008): 
 CPAP

 Maternal interventions

The Lives Saved Tool (LiST)

Interventions
 Exclusive breastfeeding (EBF)
 0-6 months

 Early initiation (1 hour post delivery)

 Target coverage 90%

 Wide amount of variation

 Complementary breastfeeding
 6-24 months
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Lives Saved Tool listvisualizer.org; Retrieved March 6th, 2020 

Impact of Breastfeeding

Interventions
 Intermittent Preventive Treatment in pregnancy (IPTp) for 

malaria
 Scheduled administration of three doses of antimalarials during 

pregnancy, regardless of malaria infection

 Reduces maternal mortality 

 Reduces maternal and fetal anemia

 Reduces low birth weight

Lives Saved Tool listvisualizer.org; Retrieved March 6th, 2020 

Impact of IPTp
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Interventions
 Vitamin A – Two doses per year from 6 - 59 m/o
 Reduces incidence: diarrhea

 Treatment for measles

 Treatment for malnutrition
 Improving nutrition status reduces overall mortality

 Zinc
 Reduced severity of diarrheal illness in micronutrient deficiency

Lives Saved Tool listvisualizer.org; Retrieved March 6th, 2020 

Vitamin A Supplementation

Lives Saved Tool listvisualizer.org; Retrieved March 6th, 2020 

Impact of Zinc: Supplementation 
and Treatment
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Interventions
 99% coverage rate of 

interventions would:
 Reduce 6.3 million deaths

 Achieve MDG-4 goal

 Assumes 90% coverage of 
EBF

Jones et al. (2003). How many child deaths can we 
prevent this year. Lancet , 362, 65-71.

Coverage (2000)
Highest Lowest

Breastfeeding (6-11 months, 90%) NVP + replacement feeding (5%)

Measles vaccine (68%) Newborn Resuscitation (3%)

Vitamin A (55%) Insecticide treated malarials (2%)

Clean delivery (54%) Hib vaccine (1%)

Tetanus Toxoid (49%) IPTp (1%)

EBF (39%) Zinc (0%)

Jones et al. (2003). How many child deaths can we prevent this year. Lancet , 362, 65-71.

Coverage (2008)

Countdown Coverage Writing Group. (2008). Countdown to 2015 for maternal, newborn, and child survival: the 2008 
report on tracking coverage of interventions. Lancet , 371, 1247-58.
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Coverage (2010)

Bhutta el al. (2010). Countdown to 2015 decade report (2000-10): taking stock of maternal, newborn, and child survival. Lancet
, 375, 2032-44.

Coverage

Bhutta el al. (2010). Countdown to 2015 decade report (2000-10): taking stock of maternal, newborn, and child survival. Lancet
, 375, 2032-44.

Coverage
 Cost: Bryce et al (2005)
 Implementation of 23 known effective interventions
 42 target countries with 90% mortality

 18 scheduled contacts for mother and child

 Packaging of services at community level

 Assume: 99% coverage

 Does not include structural/training cost

 Conclusion
 $5.1 billion USD annually 

 $887 per life saved

Bryce, J., Black, R. E., Walker, N., Bhutta, Z. A., Lawn, E. J., & Steketee, R. W. (2005). Can the world afford to save the lives 
of 6 million children each year. Lancet , 365, 2193-2200.
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Coverage: Pneumonia and 
Diarrhea Interventions
 Account for 35% of all deaths (2 million in total)

 If known interventions were scaled to 80% coverage
 1.4 million deaths could be averted

 Total cost of $6.715 billion

The Partnership for Maternal, Newborn & Child Health. 2011. A Global Review of the Key Interventions Related to 
Reproductive, Maternal, Newborn and Child Health (RMNCH). Geneva, Switzerland: PMNCH. 

HouseholdCommunityHospital

The Three Delays: Current work by 
UCSF EM Faculty
 Delay in recognition of illness severity
 Nursing eduction

 Delay in transport to a health facility
 Prehospital systems/emergency medical services

 Delay in adequate care upon arrival at a health facility
 Basic Emergency Care course

 Curriculum for Pediatric Emergency Medicine

 Residency training program in Uganda, Tanzania



3/10/2020

19

Conclusions
 Major progress has been made in under 5 mortality 

 5 million children are likely to die this year

 Known interventions exist for every major cause of mortality
 Coverage rates are a challenge

Future
 Maternal care
 Maternal mortality exceedingly high
 Female education impacts:
 Child mortality
 Maternal mortality

 Family planning
 Community based interventions
 Packaged services
 Scale up of primary health care delivery
 Novel interventions
 Community based neonatal care, treatment of sepsis
 Vaccine development 

 Impact of climate change
 Food and water insecurity
 Civil unrest
 Migration
 Vector transmission

Questions?


