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Introduction 

• ~175 million preschool children exhibit growth 
failure with height given their age more than two 
standard deviations below international reference 
standards (“stunted”). 
 

• Substantial body of bio-medical and 
observational studies documents permanent 
physiological  and neurological consequences. 
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Objective 
To assess whether early-life undernourishment has 
consequences over life course by summarizing results 
from several studies supported in part or entirely by 
GCC* pertaining to: 

1. Long-run impacts of early life growth faltering in 
Guatemala. 
2. Benefit/cost estimates of reducing stunting in 
heavily-burdened countries. 
3. Possible post-infancy recovery and faltering in 
Ethiopia, India, Peru and Vietnam. 
 

*Team 1000+ thanks GCC for this support and also acknowledges 
partial support for some of these studies from BMGF and NIH. 
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1. Long-run impacts of early life 
growth faltering in Guatemala 
 Seek to estimate determinants of vector of adult outcomes, 

Y for individual i that are related to early-life nutrition: 
(1) Yi = β∙HAZi + γ’∙Xi + Ui  
where 
 HAZi (height-for-age z score) measure of growth failure.  
  Xi vector of controls (birth-year dummy variables to control 

for macroeconomic, and other, shocks, common to each 
birth-year cohort; observable family background). 

 Ui vector of disturbance terms.  
  Parameters of primary interest are the vector β. 
• If E(HAZi υij) ≠ 0 where υij is the element in Ui for the jth 

element in Yi, the estimation of the jth element in β will be 
biased. CRITICAL ISSUE FOR THIS PAPER 
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Figure 1: A lifecycle approach to investments in the 
First 1000 days 
 

6 

          
 

 

 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
           

Risks in First 1000 Days 
1. Inadequate food intake 
2. Infection 
3. Pregnancy & birth complications 
4. Inadequate stimulation 

I. Outcomes in First 1000 Days 
a. Physical  (health, nut  status) 
b. Cognitive 
c. Socioemotional 
d. Executive function 

2. Outcomes in PreSchool Ages 
(a-d  again) 

3. Outcomes in Late Childhood 
(a-d ,  school attainment, etc) 

4. Outcomes in Adolescence 
(a-d ,  labor market, partnering, 

parenting , household production) 

5. Outcomes in  Adulthood 
(a-d ,  labor market, partnering, 

parenting , household production) 

Familial and public 
investments within given 
context with related costs 

6. Outcomes in  Old Age 
(a-d ,  labor market exits, 

grandparenting , household production, 
chronic diseases,  mortality) 



Need consider reduced-form child HAZ demand function: 
(2) HAZit = αC’∙ Ci + αM’∙ Mt + αW’∙ Wt + αP’∙ Pt + αinv’∙ Qinvi + αvary’∙ 

Qvaryit + vit 
where  
 Ci vector of child characteristics such as sex and genotype  
 Mt vector of characteristics of principal care giver at time t 
 Wt household wealth 
 Pt vector of prices 
 Q vector of health, sanitation and environmental characteristics 
  Some, Qinvi, are time invariant while others, Qvaryit, vary over time  
 vit disturbance term 

Critical Question:  Right-side variables (“identifying 
instruments”) that determine HAZ but not in relation (1) and 
not correlated with disturbance term in relation (1).  If so, in 
“first stage,” relation (2) estimated and predicted HAZ used 
in “second stage” estimate of relation (1) and correlation 
with disturbance term broken.  
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Data demands are formidable. Data needed on: 
• Early life nutritional status 
• For these same individuals, information across a range of life 

course characteristics such as schooling, marriage or union 
formation, child birth, employment, poverty status, as measured in 
adulthood. 

• Because early life malnutrition is behaviorally determined, need 
identifying variables that ensure our results are not plagued by 
endogeneity bias 

INCAP (The Institute of Nutrition of Central America and Panama) 
nutritional supplementation trial in Guatemala in 1969-77 and human 
capital follow-up in 2002-4.  
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The 1969-77 Nutritional Supplementation Trial 

• In 1960s, protein deficiency was seen as the most 
important nutritional problem facing poor in developing 
countries. 

• There was considerable concern that this deficiency 
affected children’s ability to learn with permanent, life-long 
consequences. 

• (INCAP), based in Guatemala, was the locus of a series 
of studies on this subject, leading to a nutritional 
supplementation trial begun in 1969. 

• The principal hypothesis was that improved preschool 
nutrition would accelerate mental development.  
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THE 1969-77 INTERVENTION 
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Features of the intervention 

• Two matched-pair sets of villages (small & large) 
• Randomization into:  

• Atole – high protein, high calorie, micronutrients 
• Fresco – no protein, low calorie, micronutrients 

• Centrally located feeding center open at convenient 
hours, on-demand service 

• Free preventative healthcare including immunization and 
antiparasites campaigns 

• Enrolled all 0-7 year olds in 1969, all new births included 
until supplementation abruptly ended in 1977 (n=2392) 

• All study personnel were rotated periodically throughout 
the four villages 
 



Features of the intervention 

• Consumption by young children from atole villages 
(compared to fresco) were greater by 9 g of protein, and 
approximately 100 kcal/day 

• Atole supplement increased heights (but only in the first 
three years of life) 

• Observational studies of free play together with game 
playing activities suggested that children in atole villages 
showed more exploration of a novel environment, more 
persistence on a frustrating task, and greater alertness 
and motor control on an impulse-control game. 
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Data collected during the 1969-77 
 intervention 

 

• Data collected at child level included precise 
measurement of actual daily supplement intakes  and 
periodic anthropometric measurements until child reached 
seven years of age or until the survey data collection 
ended in 1977, whichever came first.  

• Sample children born between 1962 and 1977 and the 
type, timing, and length of exposure for particular children 
depended on their village and date of birth. 

• Parental and household characteristics including parental 
age, education and socio-economic status. 
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Data collected during the 1969-77 intervention 

• Children’s heights were measured repeatedly:  
• At ages 15 days; and 3, 6, 9, 12, 15, 18, 21, 24, 30, 36, 

42, 48, 54, 60, 72 and 84 months. 
• But not all children were measured at all ages 

• In well-nourished populations anywhere, all children grow 
at approximately same rate until puberty with variations 
reflecting differences in genetic growth potential. 

• In poorly-nourished populations, children grow more 
slowly, with U-shaped age-specific HAZ in comparison to  
reference well-nourished population (WHO). 
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Z scores in the 1969-77 Intervention data set 
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The 2002-04 Human Capital Study 

• Between 2002–04, we attempted to trace the 2392 
participants in the 1969–77 study. Sample members 
ranged from 25 to 42 years of age. 

• We excluded individuals who were deceased (11%), 
international migrants (7%) or who were untraceable (4%).  

• We sought to find and interview the 1855 participants (78% 
of the original sample) who were alive and living in 
Guatemala in 2002. 
• Of these, nearly 70% lived in or near the original study 

villages. 
• We successfully found and interviewed 1471 individuals 

(62% of the original sample; 79% of those targeted for 
interview) 



The 2002-04 Human Capital Study 

• Over the two-year period of the study, respondents 
completed four interviews (approximately eight hours 
in total) covering: 
• Schooling, marital and fertility histories 
• Tests of reading and non-verbal cognitive ability 
• Income and consumption 
• Physical examinations, fitness tests and blood 

samples to measure blood glucose and 
cholesterol levels. 

• Archival work, focus groups and key informant 
interviews to obtain current and retrospective data 
on livelihoods in these villages, economic and other 
shocks, school quality, availability of health care and 
changes in infrastructure. Built on earlier qualitative 
studies of these villages. 
 

17 



Identification 

Our identification strategy relies on two core data types: 
(1) Cohort and location-specific transitory shocks: 

• Exposure to INCAP intervention between ages of 0 and 36 mos 
• Exposure interacted with residing in atole village 

(2) Variation in genotype: 
• Logarithm of maternal height 
• Whether twin  

Attractive features of approach: 
• Several instruments, reducing concerns over LATE 
• Instruments derived from conceptual model, not ad hoc 

But, all instruments open to criticism 
• Explore robustness and diagnostics to different sets of instruments. 
• “Placebo” test for paternal schooling 
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“First stage” estimates of the determinants of HAZ at 36m 

Covariate Parameter estimate Standard Error 

Transitory shocks Exposure from birth to 36 
months 

-0.102 (0.195) 

Exposure from birth to 36 
months × atole 

0.305*** (0.118) 

Random variation in genotype Twin -0.939*** (0.237) 

Log mother’s height 10.006*** (1.131) 

Other controls, C Male 0.006 (0.023) 

Other controls, M Grades attained, mother 0.002 (0.017) 

Other controls, W Grades attained, father 0.001 (0.018) 

Initial wealth index 0.172*** (0.042) 

Other controls, cohort effects Birth year dummy variables Included 

Other controls, Zi Place of birth Included 
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Second-Stage Estimates 

IV estimates treating HAZ as endogenous: 
(1) Yi = β∙HAZi + γ’∙Xi + υi   
• Second-stage control variables (Xi ): 

• Sex and birth year dummy variables 
• Maternal education 
• Paternal education 
• Parental wealth index 
• School quality at age 7 (whether school building permanent 

structure and student teacher ratio) 
• Dummy if biological parent died before age 15 
• Village of origin.  
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Impact on education-related outcomes 
 

Outcome β 
(se) 

Mean 

HAZ STUNTED 

Age Start School -0.200* 0.739 6.80 

(0.118) (0.449) 

Repeated primary grade 0.004 -0.045 0.44 
(0.048) (0.179) 

Grade progression 0.013 -0.057 0.84 

(0.024) (0.095) 

Age left school 0.728*** -2.768** 12.5 

(0.269) (1.120) 

Highest grade attained 0.968*** -3.857*** 4.70 
(0.303) (1.271) 

SIA z score (reading) 0.335*** -1.153*** 0 

(0.100) (0.405) 

Raven's z score 0.277*** -1.044*** 0 

(0.088) (0.351) 
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Impact on marriage market outcomes 
 

Outcome β 
(se) 

Mean 

HAZ STUNTED 
Age, spouse (current union) 1.428*** -5.129*** 33.3 

(0.500) (1.916) 
Highest grade attained, spouse 1.005*** -3.572*** 4.65 

(0.327) (1.320) 
Height, spouse 1.018* -3.456* 155.7 

(0.526) (1.964) 
Age differential (spouse age – own 
age) 

1.368*** -4.900*** 0.76 

(0.497) (1.888) 
Schooling differential (spouse’s 
grade attainment – own grade 
attainment) 

-0.436 1.860 -0.04 

(0.389) (1.525) 
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Impact on fertility-related outcomes 
 

Outcome β 
(se) 

Mean 

HAZ STUNTED 
First birth before 18 -0.073 0.299 0.24 

(0.050) (0.189) 
Interval between first and second 
birth 

0.290 -0.823 3.02 

(0.240) (0.939) 
Number of pregnancies -0.664*** 2.069** 3.23 

(0.238) (0.870) 
Any infant deaths (<1y) -0.041 0.117 0.15 

(0.033) (0.119) 
Any child deaths (<5y) -0.066* 0.171 0.175 

(0.038) (0.136) 
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Impact on health-related outcomes 
 

Outcome β 
(se) 

Mean 

HAZ STUNTED 
Overweight or obese 0.047 -0.214 0.52 

(0.043) (0.177) 
Log fat free mass 0.078*** -0.326*** 3.79 

(0.009) (0.056) 
Log strength, dominant hand 0.061*** -0.239*** 3.41 

(0.018) (0.079) 
Log v02 max 0.034 -0.188 2.82 

(0.037) (0.153) 
Hypertensive or prehypertensive 0.051 -0.216 0.31 

(0.039) (0.149) 
Diabetic or prediabetic 0.027 -0.120 0.21 

(0.037) (0.143) 
Metabolic syndrome 0.037 -0.141 0.31 

(0.038) (0.148) 
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Impact on labour market outcomes, men 
 

Outcome β 
(se) 

Mean 

HAZ STUNTED 
Log hourly earnings 0.194** -0.529 2.15 

(0.089) (0.367) 

Log hours worked -0.131** 0.282 7.67 

(0.066) (0.246) 
Log income 0.041 -0.234 9.84 

(0.101) (0.416) 
Skilled labour or white collar work 0.153** -0.457* 0.36 

(0.065) (0.268) 
Operates own fulltime business 0.048 -0.116 0.20 

(0.043) (0.175) 
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Impact on labour market outcomes, women 
 

Outcome β 
(se) 

Mean 

HAZ STUNTED 
Log hourly earnings 0.039 -0.019 1.70 

(0.132) (0.544) 

Log hours worked 0.183 -0.537 6.62 

(0.167) (0.718) 
Log income 0.137 -0.214 8.33 

(0.214) (0.938) 
Skilled labour or white collar work 0.170*** -0.574* 0.08 

(0.060) (0.332) 
Operates own fulltime business 0.090* -0.297 0.37 

(0.048) (0.190) 
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Impact on poverty and consumption outcomes 
 

Outcome β 
(se) 

Mean 

HAZ STUNTED 
Log per capita household consumption 0.190** -0.664** 8.76 

(0.059) (0.233) 

Lives in household that is poor -0.094** 0.322* 0.29 
(0.045) (0.173) 
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Summary 
• Individuals better nourished in the first three years 
of life have dramatically better lives. Higher height 
for age at age 36m is causally linked to: 
More schooling attainment. 
Higher scores on cognitive tests in adulthood. 
Greater success in the marriage market 
Fewer pregnancies 
Higher wages 
Higher consumption levels and a lowered likelihood of living in a poor household 
in adulthood 

• Potential weaknesses: use of IV to identify causality, sample attrition. 
• Assess validity of our instruments through the use of tests of 

instrument weakness and overidentification and find them to be 
satisfactory. Alternative methods that account for sample attrition do 
not lead to different estimates. 
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2. Benefit/cost estimates of 
reducing stunting in 
heavily-burdened countries 
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Per child costs of interventions to reduce stunting in 
children under 36 months (from Horton 2010) 
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Methods 
• Benefits and costs over life cycle (Fig. 1) 
• Individual stunted at age 36m has 66% lower per capita 

income when age 25-42 y (INCAP) if stunting treated as 
endogenous; assume half income gains are realized. 

• Costs of intervention (Table 1).  
• Intervention package estimated to reduce stunting by 

36% (Bhutta et al). 
• Predicted income increase 11.4%. 
• Apply to predicted per capita incomes for 2036-2050 

(i.e., first 15 y of working lives if born in 2015 and start 
work when 21 y) of those stunted in infancy (based on 
current income levels and projected growth rates) in 
selected countries in which stunting widespread.. 

• Construct net present value of increased income using 
5% discount rate. 
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Discussion and conclusions 
• Overall goal: to generate credible estimates of benefit/cost 

ratios for a plausible set of nutritional interventions.  
• Considerable challenges in measuring benefits and costs; 

assumptions probably conservative (e.g., half of INCAP effect , 
only income/consumption and not other effects, only effects 
for young adults 21-35 y of age – not when younger or older,).  

• Estimated average benefit/cost estimates between 3.8 (DRC) 
and 34.1 (India), with median of 18 (Bangladesh).   

• All estimated benefit/cost ratios > 1 even if overestimate by 
factor of 2 or 3. 

• Compare favorably with other investments that public funds 
compete for. 
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• Focus on private benefits, not social benefits that might differ 
from private benefits and create efficiency rationale for policy. 

• Raises question why not more private investment to reduce 
stunting?  Information problems?  Imperfect capital markets? 

• In countries in which stunting widespread, primarily in South 
Asia and Sub-Saharan Africa, estimates suggest that 
investments in reducing stunting have rates of return 
comparable to or better than many other uses of public 
resources, particularly because there are distributional gains in 
terms of reducing poverty in the next generation as well as 
non-economic gains such as reducing child suffering.  
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3. Possible post-infancy 
recovery & faltering in Ethiopia, 
India, Peru and Vietnam 
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Introduction 
• Some claim growth failure essentially irreversible 
after about 2 years of age for children in 
developing countries (Checkley et al. 2003, de 
Onis 2003, Martorell et al. 1994, 2010, Walker et 
al. 1996) 

• A few studies suggest significant post-infancy 
growth faltering and recovery in children in 
developing countries (e.g., Crookston et al. 2010, 
Crookston et al. 2011)  



Young Lives Study 
• Longitudinal study of poverty led by Department 
of International Development at the University of 
Oxford, with research and policy partners in 
Ethiopia, India, Peru and Vietnam 

• Fairly representative of the population, except the 
highest part of the income distribution 

• Involves roughly 12,000 children (8,000 enrolled 
at ages 6 to 18 months, 4,000 at age 8 years)  

• Here use data on younger cohort, collected at 
ages ~1, 5, and 8 in 2002, 2006, 2009 
 



Change in HAZ, 1-5 and 5-8 years 
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Unpredicted change in HAZ 
• Regress HAZ at end of period on HAZ in beginning of 

period and age dummies alone: 
 
HAZ(5) = a + b*HAZ(1) + c (age1) + d(age2) + e(age3) 
 
HAZ(8) = a + b*HAZ(5) + c (age1) + d(age2) + e(age3) 
 
 



Predicting change in HAZ at age 5 with 
only HAZ at age 1 (and age dummies) 
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• Non-negligible moves in and out of stunting between ages 
1 and 8: 

Growth Recovery and Faltering 

Total 

Percent 
Stunted 
at age 1 

Percent of 
Stunted 

Recover by 
Age 8 

Percent 
of Non-
Stunted 
Falter by 

Age 8 

Percent of 
Total 

Persistently 
Stunted 

 (ages 1, 5, 8)  

Percent of 
Total  
Never 

Stunted  
(ages 1, 5, 8) 

Ethiopia 1,757 46.5 65.6 9.4 13.9 43.0 
India 1,825 30.1 44.6 17.8 15.5 51.7 
Peru 1,847 27.6 49.3 8.5 13.3 57.6 
Vietnam 1,837 21.4 44.5 9.6 11.2 67.1 



Multivariable probit regression models for over-age for grade 
on change in stunting status, height-for-age z-score, and 
unpredicted growth, Young Lives cohort 
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  Ethiopia India Peru Vietnam Heterogeneity 
of Country 
Estimates* Odds Ratios 

  

School over-age: Stunting status 1-8 y 
Persistently Stunted 1.64‡  1.38‡  1.52†  1.77‡  None 
Recovered 0.91 1.00 1.47†  1.29 E≠P, E≠V 

Faltered 1.64†  1.44‡  1.14 1.19 None 
School over-age: uHAZ   

aHAZ(1) 0·94†  0·91‡  0·82‡  0·84‡  E≠P, E≠V, 
P≠V 

uHAZ(1:8) 0·83‡  0·84‡  0·82‡  0·80‡  None 
Observations 1757 1815 1845 1829   
    

*Pooled country estimates are derived from a pooled model with country interactions to formally 
test for heterogeneity of associations by country (country differences reported at p<0.05); † 
p<0·05; ‡ p<0·01. 
Notes: Odds ratios from probit regression models presented for school over-age, whether a child is 
behind in comparison to the appropriate age for grade given country-specific schooling norms. 
Regressions control for sex of the child, age of mother, years of schooling of care provider, mother 
is care provider in 0-3 rounds, years of schooling of father, asset index, urban residence, 
community population, community wealth, community has hospital, and country. 



Multivariable linear regression models for cognitive 
outcomes on change in stunting status, Young Lives 
cohort 

  
Ethiopia India Peru Vietnam Heterogeneity 

of Country 
Estimates* Effect Sizes 

Mathematics Achievement 
Persistently Stunted -0·23‡  -0·49‡  -0·30‡  -0·38‡  E≠I, P≠I, V≠I, 

E≠V 

Recovered -0·12†  -0·21‡  -0·13‡  -0·20† None 
Faltered -0·30‡  -0·06 -0·13  0·08  E≠I, E≠V 
Reading Comprehension 
Persistently Stunted -0·24‡  -0·40‡  -0·29‡ -0·36‡ None 
Recovered -0·15† -0·23‡ -0·09‡ -0·12  None 
Faltered -0.36‡ -0·06  -0·27†  -0·23† E≠I 
Receptive Vocabulary    
Persistently Stunted -0·19‡ -0·33‡ -0·29‡ -0·15† P≠I, V≠I 
Recovered -0·10†  -0·25‡ -0·14†  -0·01  P≠I, V≠I 
Faltered -0·24‡  -0·16† -0·15  -0·07 E≠P, E≠V 
  
*Pooled country estimates are derived from a pooled model with country interactions to formally test for heterogeneity of associations by country 
(country differences reported at p<0.05); † p<0·05; ‡ p<0·01. 
Notes: Effect sizes presented from ordinary least squares regression models for cognitive outcomes (effect size = coefficient estimate/standard 
deviation [SD]). Regressions control for age (in months) at round 3and sex of the child, age of mother, years of schooling of care provider, mother 
is care provider in 0-3 rounds, years of schooling of father, asset index, urban residence, community population, community wealth, community 
has hospital, country, exam was administered in native language, and language in which the exam was taken. 
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Multivariable linear regression models for cognitive 
outcomes on height-for-age z-score and unpredicted 
growth, Young Lives cohort 

  
Ethiopia India Peru Vietnam Heterogeneity of 

Country 
Estimates* Effect Size  

Mathematics Achievement 
aHAZ(1) 0·05‡ 0·15‡  0·07‡  0·10‡ E≠I, P≠I, V≠I, 

E≠V, P≠ V  

uHAZ(1:8) 0·10‡ 0·08‡ 0·06† 0·05  None 
Reading Comprehension 
aHAZ(1) 0·07‡  0·14‡  0·07‡  0·10‡  E≠I, P≠I, V≠I  

uHAZ(1:8) 0·08‡  0·02 0·05  0·10‡ None 
Receptive Vocabulary 
  0·04‡  0·11‡  0·06‡ 0·05† E≠I, P≠I, V≠I 

uHAZ(1:8) 0·08‡  0·08‡ 0·07† 0·04  E≠P 
* Pooled country estimates are derived from a pooled model with country interactions to formally test for heterogeneity of 
associations by country (country differences reported at p<0.05); † p<0·05; ‡ p<0·01. 

Notes: Effect sizes presented from ordinary least squares regression models for cognitive outcomes (effect size = 
coefficient estimate/standard deviation [SD]).  Regressions control for age (in months) at round 3and sex of the child, age 
of mother, years of schooling of care provider, mother is care provider in 0-3 rounds, years of schooling of father, asset 
index, urban residence, community population, community wealth, community has hospital, country, exam was 
administered in native language, and language in which the exam was taken. 
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OLS and GMM Estimates of the Direct Impact of Child 
Growth during Infancy, Early, and Middle Childhood on 
PPVT Score at Age 8 Years across Countries  

HAZ at 
Age 

OLS 
Ethiopia India Peru Vietnam 

1 year 0.029** 0.009 0.041**    0.059** 
5 years 0.009 -0.017 0.03 0.122*** 
8 years 0.049* 0.117*** 0.044 0.126*** 
R2 0.50 0.28 0.46 0.35 
  GMM  
1 year 0.109*** 0.046 0.201*** 0.139 
5 years -0.159 0.17 -0.11 0.692*** 
8 years 0.416*** 0.610*** 0.729*** 0.991*** 
No. obs 1690 1810 1791 1773 
Notes: ***statistically significant at 0.01 level, **at 0.05 level, *at 0.10 
level, robust standard errors. Controls include child’s gender, child’s 
birth order, age of the mother in round 3, mother’s schooling, father’s 
schooling, wealth index of household in round 3, dummies for the 
language in which the PPVT was administered, a dummy for whether 
the PPVT was administered in the child’s mother tongue and sentinel 
site dummies for each round. Instruments in GMM include age of the 
child at recruitment, time between round 1 and 2 and between round 2 
and 3 measurements, and interactions of age of the child at 
recruitment with site characteristics related to prices, the hygienic 
environment and health infrastructure in each round.  
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Conclusions 
• Glass partially full or partially empty? 
• Pretty full regarding probable importance of early-life 

nutritional status as indicator of probable important and 
multi-dimensional long-run outcomes, and relatedly high 
benefit/costs. 

• But not entirely full in sense that focus on first 1000 days 
should not be exclusive because significant developments 
in nutritional status thereafter that appear strongly 
associated with schooling and cognitive skills. 
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Appendices:  Extra Slides 
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Physiological consequences 
• Young children have high nutritional requirements 
because growing quickly. 

• Susceptible to infections because their immune 
systems immature. 

• In developing countries, diets often have poor 
energy and nutrient concentrations. Foods and 
liquids are often contaminated. 

• Energy that should go towards growth is instead 
diverted to fighting off these infections.  
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• Over time, “prolonged or severe nutrient 
depletion eventually leads to retardation of linear 
(skeletal) growth in children and to loss of, or 
failure to accumulate, muscle mass and fat” 
(Morris, 2001, p.12). 
 

• This retardation of linear growth has permanent 
consequences as growth in stature lost in early 
life is never fully regained. 
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Neurological consequences 

• Early life malnutrition damages the hippocampus 
by reducing dentrite density, which adversely 
affects spatial navigation and memory formation  

• In severely malnourished children, dentrites in the 
occipital lobe (responsible for the processing of 
visual information) and in the motor cortex are 
shorter, having fewer spines and greater numbers 
of abnormalities; consequently, chronic 
malnutrition leads to delays in the evolution of 
locomotor skills. 
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• Malnutrition results in reduced myelination of 
axon fibers thus reducing the speed at which 
signals are transmitted 

• Early-life undernutrition decreases the number of 
neurons in the locus coeruleus which plays a role 
in signalling the need to inhibit the production of 
cortisol. Thus early-life malnutrition diminishes 
the ability to exhibit down regulation and handle 
stressful situations 
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The 1969-77 Nutrition Intervention 
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The 1969-77 Nutrition Intervention 
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Key features of the data available to us 

• Recall that we noted that the data demands for this work are 
formidable. We need data on: 
• Early life nutritional status 

• Source: the original 1969-77 intervention 
 
• For these same individuals, we need information across a range of life 

course characteristics such as schooling, marriage or union formation, 
child birth, employment, health, poverty status, as measured in adulthood. 
 

• Source: The 2002-04 Human Capital Study 
 

• Because early life malnutrition is behaviorally determined, we need 
identifying variables that ensure our results are not “plagued by potential 
bias due to unobserved heterogeneity”  

• Not yet discussed 
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Before you say anything else … 
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All these instruments are open to criticism: 
 
Exposure to the intervention could have had an income effect that operated beyond 
the effect of the intervention on child nutritional status; 
 
Maternal height may reflect investments made by the mother’s own parents and 
dimensions (such as quality of child care in early life) might be correlated 
intergenerationally;  
 
The proportion of the sample that are twins is so small (less than one percent) that 
the local average treatment effect (LATE) of this identifying instrument is not likely to 
be of interest and being a twin might have impacts on later life outcomes such as 
schooling attainments 



Estimation strategy (2) 

• Use a small set of outcomes (four) 
 

• Begin with OLS estimates 
 

• Use most plausible instruments: Exposure from birth to 36 months and 
Exposure from birth to 36 months × atole 

• Examine specification tests 
• Test whether other instruments – being a twin and maternal height affect the outcome variable 

 
• Include an addition instrument, being a twin 

• Examine specification tests 
• Test whether other instruments –maternal height - affects the outcome variable 

 
• Include an addition instrument, maternal height 

• Examine specification tests 
 

• Run placebo test 
• Look at full set of outcomes 
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Technical notes 

• Express growth failure in early life in terms of HAZ and as a 0/1 dummy variable which =1 if 
the individual was stunted at age 36m, 0 otherwise. Results are robust to how we construct 
HAZ 
 

• Where outcomes are expressed as 0/1 variables, we estimate linear probability models so 
as to be able to compute the IV test statistics.  
 

• Focus here is on full sample results; gender disaggregated results (generally) show no 
differences 
 

• Construct Kleibergen-Paap test statistics to test for weak instruments. 
• “Rule of thumb for these data.” If test statistic has a value of 6.7 or higher, we reject at a 5% 

significance level the hypothesis that the instruments are weak, in that they have bias in the IV results 
that is larger than 20% of the bias in the OLS results.   

 
• Hansen J statistic for overidentification is heteroskedastic version of Sargan OID test where 

the null hypothesis is that the overidentifying restrictions are valid (i.e., that the model is well 
specified and the instruments do not belong in the second-stage equation).   
 

• Results are robust to potential attrition bias 
 

• Standard errors (in parentheses) are clustered at maternal level. Results are robust to 
clustering at other levels (eg village x birth year). *, significant at 10% level; ** significant at 
5% level 
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Outcome: SIA reading score 

OLS IV (1) IV (2) IV (3) 
Height for age z score, 36m 0.188** 0.743* 0.341 0.335** 

(0.029) (0.411) (0.243) (0.100) 
Twin 0.700 

(0.503) 
Log mother’s height -4.326 -0.132 

(4.316) (2.603) 

Tests of relevance 
F stat on 1st stage 
instruments 

3.38** 7.06** 22.22** 

Kleibergen-Paap LM 
statistic 

6.58** 13.93** 85.78** 

Kleibergen-Paap F statistic 3.24 6.77** 27.89** 
Tests of uncorrelatedness 
Chi squared test on 
maternal height and twins 
dummy 

1.94 

Chi squared test on 
maternal height 

0.01 
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Outcome: Number of pregnancies, females 

OLS IV (1) IV (2) IV (3) 
Height for age z score, 36m -0.179** 0.301 -0.672 -0.664** 

(0.083) (0.925) (0.564) (0.238) 
Twin 1.311 

(1.060) 
Log mother’s height -8.833 0.163 

(8.851) (5.906) 
Tests of relevance 
F stat on 1st stage 
instruments 

2.16 3.34** 11.20** 

Kleibergen-Paap LM 
statistic 

4.65* 8.07** 45.13** 

Kleibergen-Paap F statistic 2.22 3.14 13.04** 
Tests of uncorrelatedness 
Chi squared test on 
maternal height and twins 
dummy 

1.58 

Chi squared test on 
maternal height 

0.01 

Hansen J test: P-value 0.71 0.39 0.76 
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Outcome: Log wage, males 

OLS IV (1) IV (2) IV (3) 
Height for age z score, 36m 0.122** 0.977 0.312 0.195** 

(0.036) (0.964) (0.248) (0.090) 
Twin 0.852 

(1.096) 
Log mother’s height -8.676 -1.520 

(10.540) (2.947) 

Tests of relevance 
F stat on 1st stage 
instruments 

0.67 7.01** 15.42** 

Kleibergen-Paap LM 
statistic 

1.36 7.11* 46.11**  

Kleibergen-Paap F statistic 0.65 7.53** 16.74** 
Tests of uncorrelatedness 
Chi squared test on 
maternal height and twins 
dummy 

0.68 

Chi squared test on 
maternal height 

0.27 
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Outcome: Log per capita household expenditure 

OLS IV (1) IV (2) IV (3) 
Height for age z score, 36m 0.087** -0.068 0.348** 0.185** 

(0.020) (0.302) (0.154) (0.059) 
Twin -0.561 

(0.368) 
Log mother’s height 2.691 -1.768 

(3.229) (1.640) 

Tests of relevance 
F stat on 1st stage 
instruments 

2.32* 6.57** 23.56** 

Kleibergen-Paap LM 
statistic 

4.35 11.02** 87.88** 

Kleibergen-Paap F statistic 2.13 6.32* 30.20** 
Tests of uncorrelatedness 
Chi squared test on 
maternal height and twins 
dummy 

2.83 

Chi squared test on 
maternal height 

1.16 
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Placebo test 

• Recall that the fundamental concern about our instruments is that 
they are related to long-term outcomes via other mechanisms than 
child health 
 

• An additional way of testing this is to consider a characteristic that is 
correlated with these long-term outcomes but “should not” be affected 
by these instruments 
 

• Paternal schooling is one such characteristic. It has a statistically 
significant correlation with SIA z scores, number of pregnancies, 
spousal schooling, wages and log per capita expenditures. 

 
• We estimate an OLS regression controlling for all other variables that 

appear in our second stage regression 
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Results of placebo test: 
Outcome variable, paternal schooling 

Coefficient Standard error 
Transitory shocks Exposure from birth 

to 36 months 
-0.192 0.256 

Exposure from birth 
to 36 months × atole 

0.192 0.155 

Random variation in 
genotype 

Twin 0.102 0.456 

Log mother’s height -0.515 2.277 
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Figure 1: A lifecycle approach to investments in the 
First 1000 days 
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Risks in First 1000 Days 
1. Inadequate food intake 
2. Infection 
3. Pregnancy & birth complications 
4. Inadequate stimulation 

I. Outcomes in First 1000 Days 
a. Physical  (health, nut  status) 
b. Cognitive 
c. Socioemotional 
d. Executive function 

2. Outcomes in PreSchool Ages 
(a-d  again) 

3. Outcomes in Late Childhood 
(a-d ,  school attainment, etc) 

4. Outcomes in Adolescence 
(a-d ,  labor market, partnering, 

parenting , household production) 

5. Outcomes in  Adulthood 
(a-d ,  labor market, partnering, 

parenting , household production) 

Familial and public 
investments within given 
context with related costs 

6. Outcomes in  Old Age 
(a-d ,  labor market exits, 

grandparenting , household production, 
chronic diseases,  mortality) 



Introduction 
• Analyze three key growth “periods”,  

• HAZ at about age 1 year 
• Change from 1 to 5 years  
• Change from 5 to 8 years 

 in all four Young Lives countries 
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