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Abstract  

A substantial literature has identified that poor nutrition in early childhood has deleterious effects 

on subsequent human capital accumulation in children, with implications for labour market and 

health outcomes in the adult years. In previous work, we established a strong relationship 

between poor early nutrition, indexed by stunting at age two, and reduced cognitive function 

among children in the pre-school years, using birth cohort data for South Africa. We extend this 

work on early childhood development in this study by exploring whether there are possibilities 

for ‘catch-up’ amongst malnourished children. In particular, we investigate a) the extent of 

recovery from stunting among five-year-old children who were stunted at age two, and b) 

whether children who exhibit this ‘catch-up growth’ perform better in cognitive tests than 

children who remain stunted throughout early childhood. Our analysis draws on data from the 

Birth to Twenty Cohort Study on a sample of children born in Johannesburg in 1990, which 

includes detailed information on anthropometry, cognitive function, child and household 

characteristics. In particular, rich information was collected on caregiving and the household 

environment, allowing us to control to some extent for confounding effects. Our findings suggest 

that recovery from stunting is not uncommon amongst children in the early childhood period (as 

has been found for other developing countries). However, children who were no longer stunted 

by age five still perform significantly worse on cognitive tests than children who were not 

stunted during this period, and almost as poorly as children who remain stunted. These findings 

suggest that the timing of nutritional inputs in the early years is imperative in a child’s 

subsequent cognitive development, with implications for human capital accumulation over the 

life cycle.  

Keywords: recovery from stunting; preschool cognitive function; birth cohort; South Africa  
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1. Introduction 

Chronic child malnutrition remains a pervasive problem, with long-term implications for affected 

children. Stunting, measured as height-for-age Z-score (HAZ) of more than two standard 

deviations below the median HAZ of the reference population, is a useful marker of chronic 

malnutrition. Globally, an estimated 171 million children under 5 years of age were stunted in 

2010.1 Stunting early in life has been associated with a range of negative long-term outcomes, 

including impaired cognitive development, poor school outcomes, reduced earnings in adulthood 

and poor maternal reproductive health outcomes.2-4  

The association between early life stunting and long-term outcomes is well-established. 

Where debate continues is in regards to the importance of timing (within the early years) and the 

persistence of stunting. Children in the poorer regions of the world are on average born shorter 

and grow more slowly, leading to a peak in stunting at 24 months, after which stunting 

prevalence either remains stable or begins to decline.5 The extent to which the children who are 

stunted at 24 months can catch up from this poor start and achieve similar adult heights as the 

reference population continues to be debated.6-10 It has been argued that if children can catch up 

then a narrow policy focus on what is now commonly referred to as the first 1,000 days 

(pregnancy and the first two years of life) is not warranted and should be broadened to the entire 

preschool period.8 However, even if complete catch up is possible (and normal adult height 

attained) and it is shown that later life interventions support such catch up, the question of 

whether later growth can undo the harm caused by stunting within the first 1,000 days remains.  

The debate centers on the importance of the first 1,000 days for brain development. 

During pregnancy the process of neurulation leads to the development of the basic architecture of 

the brain. In early childhood the areas associated with vision and hearing, then language and 
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speech, and eventually higher cognitive function, undergo rapid synaptogenesis.11 These 

foundational processes are energy intensive, making brain development highly susceptible to the 

negative consequences associated with malnutrition (both pre and postnatal).12 As the 

development of the brain is cumulative, early difficulties can have life-long implications.13 A 

number of researchers have sought to identify if there are critical phases from a nutrition 

perspective within the first 1,000 days. Glewwe and King14, for example, investigate the impact 

of the timing of poor nutrition within the first two years of life on cognitive development and 

conclude that poor nutrition in the period 18-24 months had the most significant consequences. 

The results in Hoddinott et al from Guatemala suggest that nutritional supplementation during 0-

36 months of age, but not 36-72 months of age, resulted in higher average wages among adult 

men.15 

Given that the period of rapid brain development continues throughout the early years, a 

small but growing literature has examined the extent to which catch-up growth after the first 

1,000 days, measured as a recovery from stunting, mitigates the impact of stunting on cognitive 

development. Mendez and Adair16 using cohort data from Cebu in the Philippines found that 

children who catch up between 2 years and follow up at 8 and 11 years do worse at school than 

children who were never stunted, although less so than those who remain stunted. Crookston et 

al.17, using data from four developing countries, found a similar pattern; catch up between 1 year 

and 8 years appeared to reduce, but not eliminate, the deficit associated with early stunting.  

However, Crookston et al.18, 19 using data from Peru report that children who catch up between 6-

18 months and 4.5-6 years do the same in cognitive tests as children who were never stunted, and 

better than children who remain stunted. The inconsistencies in reported results highlight the 

need for further analysis. 
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Using data from a South African longitudinal cohort, the Birth to Twenty Study, we 

examine whether recovery from stunting influences cognitive function. In previous work we 

found no association between stunting at 2 years and social maturity at 4 years but a large and 

significant association between stunting at 2 years and cognitive function at 5 years.20 In this 

paper, we compare cognitive function among children who were stunted at 2 years but not at 5 

years, with children who were stunted in both periods and children who were not stunted in 

either period.  

The Birth to Twenty Study (Bt20) in South Africa is well-suited to examine the impact of 

recovery from stunting. Bt20 has both high rates of stunting and high rates of recovery from 

stunting.9 Moreover an extensive assessment of the child’s cognitive development is conducted 

prior to school enrollment. There has been little prior research on stunting and its links to other 

aspects of child development in preschool-aged children using large sample data. The focus has 

been on schooling outcomes or cognitive tests conducted with school-going children. However, 

examining children once in the schooling system is complicated by various school-related 

confounders, such as school quality, and by the possibility that parents of smaller children delay 

enrollment.  

Stunting and cognitive development may be correlated not only because of the impact of 

the former on the latter, but because they are both influenced by the environment (especially the 

home environment in early childhood) and caregiver inputs.  A further advantage of Bt20 is that 

a wealth of data was collected on maternal/caregiver and household variables which we are able 

to use to account for these confounding factors in multivariate analysis.  
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2. Methods  

Data and sample 

The data are drawn from a birth cohort study from South Africa’s largest metropolitan 

area. Referred to as Birth to Twenty (Bt20), this longitudinal study covered children born over a 

7-week period between April and June of 1990 in private and public hospitals or clinics in the 

greater Johannesburg-Soweto area. The full sample comprises 3273 singleton births, however at 

any one interview point data is collected from roughly 1600 to 2200 participants. The attrition 

rate is amongst the lowest recorded for birth cohort studies in developing countries.21, 22 

Norris et al.21 describe attrition in the Bt20 study in detail. The main reason for 

participants being lost to follow-up appears to be child/family mobility, with child and caregiver 

mortality accounting for a very low share of the attrition. White South Africans, who are more 

likely to live in wealthier, suburban areas of the city, and who would have been more likely to 

give birth in private hospitals, are under-represented in the sample due to low enrolment in the 

study and subsequent non-response.22, 23 The Bt20 sample in follow-up waves therefore is most 

representative of children from the black African population group who were born in, and 

remained residents of, Johannesburg over the period.  

Information was collected from mothers at antenatal clinics, at delivery centres, and 

thereafter generally once a year through face-to-face interviews with the caregiver and child. In 

our analysis, we use data from the delivery reports, year 2 (n=1839), year 4 (n=1858) and year 5 

(n=1586). The number of children for whom there is non-missing data on our key explanatory 

variables, namely height-for-age at 2 years and 5 years, is 1574. However, missing data on the 

outcome variable and the control variables in the multivariate analysis result in a regression 

sample of between 1019 and 666, depending on which controls are included. We discuss the 
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implications of a diminishing sample for the mean values of key variables and the regression 

estimations in the Results section below.  

Outcome measure 

Our measure of cognitive function is based on the Revised-Denver Prescreening 

Developmental Questionnaire (R-DPDQ).24 The assessment in Bt20 comprised 32 items 

covering the child’s personal-social, fine motor, gross motor, language and cognitive abilities at 

age five. During the assessment some questions were asked of the caregiver, but the largest part 

of the questionnaire involved tests conducted by the interviewer. Some items were modified to 

be culturally appropriate (for example, the word ‘hedge’ was replaced with ‘fence’).25  A full list 

of items is shown in Table 1 (for the detailed explanation of each question/test in the 

questionnaire, consult Hsiao and Richter25). 

[Table 1 about here] 

 Earlier research found a significant correlation between the Denver Development 

Screening Test and the Griffiths Mental Development Scales among black African preschool 

children in South Africa.26 More recently, using Bt20 data, Hsiao and Richter25 report strongly 

significant associations between performance in the R-DPDQ at age five and various other 

outcomes, namely scores on the Raven’s Coloured Progessive Matrices and the Connor’s 

Teacher Rating Questionnaire at age seven, age of first entry to school, and grade repetition by 

Grade 6. Internal consistency for the R-DPDQ measure in the Bt20 sample is 0.71, measured by 

Cronbach’s .  

An overall score was calculated by adjusting the total raw score by the child’s 

chronological age, and replacing missing values on individual items by the series mean. The 

majority of children had no missing data on the 32 items (73 per cent), and for those who did, 
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most of them were missing data on only one item, with the maximum number of missing items 

per individual being three. The mean value for the R-DPDQ at age 5 is 43.74 (SD=4.68, 

n=1232). 

Key explanatory variable 

The key variables of interest are stunting status at ages two and five, with stunting 

indicated by a height-for-age z-score (HAZ) of < -2 SD from the mean of the reference 

population, using WHO Child Growth Standards.27 We use stunting at age two as the first point 

in the analysis as research has shown that the prevalence of stunting peaks at around 24 months5, 

8; the second point in the analysis is age five where we have information on both anthropometry 

and cognitive development. For our sample of children who had non-missing data on HAZ at 

ages two and five (n=1574), mean HAZ in 1992 when the children were aged two is -1.135 

(SD=1.084) and mean HAZ in 1995 when the children were aged five is -0.664 (SD=0.895). The 

prevalence of stunting in this sample of children is 19.44 per cent at age two and 6.04 per cent at 

age five.  

This pattern of rapid increases in stunting until 2 years followed by substantial recovery 

has been observed in other South African data. The National Health and Nutrition Examination 

Survey (2012), for example, found prevalence rates of 25.9 for girls and 26.9 for boys among 0-3 

year olds, but 9.5 and 13.5 respectively among 4-6 year olds.28 Although prevalence rates in the 

Bt20 sample are somewhat lower than the national figures cited here, this would be expected as 

the prevalence of stunting in urban areas has been found to lower than in rural areas in South 

Africa.29 

To estimate whether recovery from stunting between ages two and five resulted in better 

performance on cognitive test scores, we divide our sample of children into four groups 
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following the nomenclature of Mendez and Adair16: 1) not stunted at 2 y and not stunted at 5 y - 

labelled “neither”; 2) stunted at 2 y and 5 y - “persistent”; 3) not stunted at 2 y but stunted at 5 y 

- “late incident”; and 4) stunted at 2 y but not stunted at 5 y –“catch-up”. There is some debate as 

to what constitutes catch up in height in young children and whether or not it should be defined 

in relation to an external reference group6, 30 For simplicity, and for the sake of comparability 

with other studies, we use the definition most commonly used in the literature on growth and 

cognitive function, namely a recovery from stunting.16, 18, 31 However, in the final section of this 

paper we discuss the possibility of using alternative definitions.  

Data analysis and control variables 

Linear regression was used to estimate the relationship between stunting status in early 

childhood and the scores on the cognitive development test at 5y. The main independent 

variables of interest are introduced as dummy variables, “persistent” stunting at 2y and 5y, “late 

incident” stunting at 5y, and “catch-up” or stunting at 2y but not at 5y, where “neither” stunted at 

2y or 5y is the omitted category.   

Stunting is likely to be correlated with a number of other factors which may also be 

related to cognitive function. We therefore include an extensive set of controls in the regressions 

to try to minimise confounding effects. In addition to the unadjusted model, we show the results 

from models adjusted sequentially for groups of variables representing ‘characteristics at birth’, 

‘socio-economic status’, and ‘the home environment/caregiver inputs’.  

Specifically, characteristics at birth include the sex of the child and the child’s birth 

weight. Socio-economic status is captured by an asset score (based on six items in the survey - 

fridge, car, washing machine, television, phone and radio), maternal age (years) and maternal 

education (years of schooling). A dummy variable for the black African population group is 
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included, where the omitted category consists of Coloureds, Indians and Whites. Decades of 

institutionalised discrimination under apartheid, which affected black Africans most severely, 

resulted in racial disparities in almost all aspects of socio-economic life in South Africa, and the 

aforementioned socio-economic status variables may not capture this inequality adequately. 

As discussed in the introduction key confounders not frequently adjusted for in such 

analyses are the household environment and the caregiver’s inputs in the child’s development, 

referred to in the economics literature as a ‘preference for child quality’.14 We have a variety of 

variables in our very rich dataset which we can use to try to account for these. We include 

whether the mother was the main caregiver, birth order, birth spacing (indicating a birth within 

24 months of the index child), how much time the mother/caregiver spent playing with the child 

each day, whether the mother/caregiver was trying to teach the child anything at the time, how 

often the father (or other man important to the child) spent playing with the child, and whether 

the child had any “playthings, bought toys or things (the caregiver) has made or given him/her to 

play with”.  

The variables described above (except for those captured at birth), were from the year 2 

data round. In a final regression, we include two additional variables from year 4 to capture a 

change in the environment, namely whether the asset score (based on the same six items in year 

2) showed no change or whether it increased between 2y and 4y (where the omitted category 

represents a decrease in assets).  

A number of alternative measures of socio-economic status and the home environment 

were tested for significance in the cognitive function equation, among them, crowding in the 

household (the number of people per sleeping room), mother’s height, paternal education, 

household income quintiles, maternal depression at 6 months, and an index of the quality of the 
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mother/child relationship. This latter variable was based on six items recorded by the 

interviewer, namely whether the child appeared clean and well looked after; seemed happy; 

appeared confident and secure in the mother’s presence; and whether the mother seemed 

unhappy and worn down by worries and troubles; demonstrated any negative feelings towards 

the child; appeared to be confident and assured in her care and management of child; and showed 

affection towards the child.  

None of these variables were found to be independently associated with cognitive 

function in our sample after controlling for the other factors described above, so they were not 

included in the final regressions for the sake of parsimony. (Details of these additional tests are 

available in Casale, Desmond and Richter20). The mean values of the covariates included in the 

final analysis are shown in Table 2. 

[Table 2 about here] 

 

3. Results  

Table 3 presents stunting status and mean height-for-age z-scores (HAZ) at 2y and 5y. 

The frame on the left-hand side of the table shows that at 2y, the 19.4 per cent of children who 

were stunted had a mean HAZ of -.2.72, and the 80.6 per cent who were not stunted had a mean 

HAZ of -0.751. The right-hand side frame shows stunting status and mean HAZ at 5y for these 

same children. Of the full sample of children, 79.3 per cent were not stunted at 2y or 5y 

(“neither”) and mean HAZ at 5y for this group is -0.425. Another 4.7 per cent were stunted at 

both 2y and 5y (“persistent”) with mean HAZ at 5y of -2.464. Only a small percentage of 

children, 1.3 per cent, exhibit late incident stunting and mean HAZ at 5y for this group is -2.216. 

The remaining 14.7 per cent constitute those who were stunted at 2y but not at 5y. The mean 
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HAZ at 5y for this “catch-up” group is -1.287, which is just less than a SD below the mean for 

those who were not stunted in either year, but over one SD higher than the mean of those who 

were stunted in both years or just in year 5.  

[Table 3 about here] 

While late incident stunting is not common in this sample, the rate of recovery from 

stunting is high. About 75 per cent of children who were stunted at 2y had a HAZ score of >= -2 

SD at 5y. Furthermore, this high rate of recovery does not appear to be an artefact of small 

changes around the cut-off. The mean change in HAZ between 2y and 5y for the catch-up group 

is 1.343 (SD=0.864), none had a change in HAZ of less than 0.2 SD, and only 21 of the 231 

children or 9.1 per cent had a change in HAZ of between 0.2 SD and 0.5 SD.  

For the late incident group, however, the mean change in HAZ between 2y and 5y is -

0.532 (SD=0.225). Among the 20 late incident cases only 1 had a change in HAZ of less than -

0.2 SD but another 8 out of 20 (or 40 per cent) had a change in HAZ of between -0.2 and -0.5 

SD. While this still suggests a considerable fall off in growth, we are cautious about the results 

for this group given the low sample size and the smaller changes around the cut-off. 

 Table 4 displays the unadjusted regression estimates, as well as the estimates from 

multivariate linear regressions where an increasing number of covariates is introduced with each 

model. Here, we restrict the analysis to the final regression sample of n=666 so that we can 

observe the varying effects of the covariate sets on the results.  

[Table 4 about here] 

The unadjusted estimates on the final regression sample suggest that children who are 

persistently stunted score 3.39 points less on the cognitive measure than children who were 

neither stunted at 2y or 5y, and this is significant at the 1 per cent level. Children with late 
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incident stunting also score less, but by a very small amount (0.36 points), and the coefficient is 

not significant. Those who recovered from stunting do considerably worse; they score 2.26 

points less than children who were neither stunted at 2y or 5y, and this result is strongly 

significant at the 1 per cent level. 

 As we would expect, controlling for an increasing number of covariates reduces the 

coefficients on the stunting status variables, with birth characteristics and socio-economic status 

having the largest effects. Overall, the coefficient for children with persistent stunting drops from 

-3. 39 to -2.51, and the coefficient for the catch-up group drops from -2.26 to -1.61, but both 

remain strongly significant. The coefficient on late incident stunting remains small and 

statistically insignificant.  

Although the different size effects for the catch-up and persistent stunting groups suggest 

that the catch-up group do not perform as poorly as the persistently stunted group, the 

coefficients are not significantly different from each other ( F(1, 644) =1.16; Prob > F = 0.283). 

We also tested whether the inclusion of a variable capturing severe stunting (HAZ <-3 SD) at 2y 

affected the results. We might expect this if, for example, children who catch up were not as 

badly stunted to begin with (or similarly, if those who are persistently stunted were more 

severely stunted at 2y). Using Model V controls, we find that the coefficient on severe stunting at 

2y is not significantly correlated with cognitive function at 5y, and the coefficients on 

“persistent”  and “catch-up” remain significant and largely unchanged at -2.61 and -1.65 

respectively (compared to -2.51 and -1.61 without controlling for the severity of stunting). 

 A number of the controls are significantly related to cognitive function. Girl children do 

better than boy children and birth weight has an independent positive effect on cognitive 

function. Of the set of socio-economic status variables, the asset index and the dummy variable 
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for black African children are significant, with positive and negative effects respectively. 

Mother’s education had a significant effect in Model III, but in Model IV when variables 

representing the home environment and caregiver inputs are included, the coefficient is no longer 

significant. This suggests that the positive effect of mother’s education on cognitive function 

operates through some of these other variables.  

Of the home environment/caregiver variables, whether the mother is the main caregiver is 

important, as is whether the mother/caregiver played with the child for at least an hour a day. 

Whether there were toys bought or made for the child in the home also has a strong positive 

effect on cognitive development. Birth spacing, however, has a negative effect on cognitive 

function, suggesting that another birth within 24 months of the index child places pressure on 

parental and other resources. A change in the asset index between 2y and 4y had no impact on 

the child’s cognitive score. 

As noted above, our sample size diminishes quite substantially from 1574 to 1019, due to 

missing values on the cognitive function score, and from 1019 to 666, with the inclusion of the 

covariates. To investigate the implications of this loss, we summarise in Table 5 the mean values 

of some the key variables for the three different samples. The most substantial change is in the 

proportion of Black children in the sample, which increases from 76 per cent to 89 per cent. 

There is very little difference across the samples in, for example, mean birth weight, mother’s 

age, and the cognitive score itself.   

The prevalence of stunting at 2y does increase by 3 percentage points with the loss of 

cases, indicating that taller children are being lost from the analytical sample. However, the loss 

of taller children does not appear to change the overall findings of the research. We attempt to 

show this in Table 6 by comparing the results on the unadjusted regression for the final 
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regression sample of 666 children (Model I in Table 4) with the results of an unadjusted 

regression on the sample of 1019 children for which we have information on cognitive function. 

While the size effects are larger for the persistent stunting variable as cases are dropped, there is 

very little difference in the coefficients on the ‘catch-up’ variable (-2.192 vs -2.258). 

Importantly, the substantive findings are consistent; children with persistent stunting do worse 

than those who were not stunted, as do the children who recovered from stunting between 2y and 

5y. This gives us confidence that the results are not being driven by the non-random exclusion of 

cases due to the introduction of the covariates.  

[Tables 5 and 6 about here] 

4. Discussion  

In our sample of children from the Bt20 cohort study we find that 75% of children who 

were stunted at 2y were no longer stunted at 5y. The children who recovered from stunting at 2y 

still performed significantly worse on our cognitive assessment at 5y than did children who were 

never stunted. This relationship remains significant when we include a full set of controls for 

potential confounding variables. Children who are no longer classified as stunted perform better 

than children who remain stunted, but the difference is not significant. Our results appear to 

provide further evidence that the negative implications for cognitive development of growth 

retardation within the first 1,000 days are not mitigated by subsequent catch-up growth.     

Our result that children who recover from early stunting perform worse on cognitive 

assessments than those who were never stunted is similar to that of Mendez and Adair16 and 

Crookston et al’s17  multi-country analysis. However, in both of these studies the better 

performance of the catch-up group in relation to the persistently stunted group was significant. In 

our study we find the same pattern, but the difference is not significant. In contrast to these 
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findings, Crookston et al.18, 19 found that children from a Peruvian cohort who experienced catch-

up growth had cognitive scores similar to children who were never stunted. The Crookston et al 

multi-country study includes analysis of the same Peruvian Young Lives dataset, although in the 

multi-country analysis they focus on outcomes at age 8, rather than at age 4.5 – 6 years as was 

the case in the single country study.   

Direct comparison to either the multi-country or single country Crookston et al analyses 

is complicated by the age at which early stunting was assessed. Unlike in our and the Mendez 

and Adair16 analysis, in which stunting was assessed at 2 years, the Young Lives data used by 

Crookston et al.17-19 includes stunting measured at 6-18 months.. The finding by Glewwe and 

King14 that the 18-24 month period is critical suggests that the differences in timing may lead to 

differences in the assessment of the importance of catch-up growth. Some proportion of the 

children who were assigned to the catch-up group in the Crookston et al.17-19 analysis may have 

started to recover from stunting in the second year of life. Had these children been assessed at 2y 

they may not have been classified as stunted. The inclusion of children who experience early 

catch up may be pulling the average cognitive scores for the overall catch-up group upward. 

Similarly, the children who become stunted between 18 and 24 months may be pulling the 

average score for never stunted children downward.   

Although our results on stunting recovery are similar to Mendez and Adair,16 we do not 

find, as they did, that severe stunting played an independent role in predicting cognitive scores. 

Berkman et al.31 also report a significant impact of severe stunting in the second year of life on 

cognitive development. Our failure to find an independent effect of severe stunting may relate to 

the differences in age of children at follow-up. We examined cognitive development at 5 years of 

age, before the start of formal schooling. Mendez and Adair16 have information on cognitive 
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function at 8 and 11 years and Berkman et al.31 at 9 years of age. A supportive schooling 

environment (and continued growth in height) may help mitigate the impact of stunting and 

children who were moderately stunted may be more likely to benefit. Notably, the importance of 

severity increased in the Mendez and Adair16 analysis between 8 and 11 years.     

To allow for comparison with other work in this field we refer to children who were 

stunted at 2y but not at 5y as having experienced catch-up growth. There are alternative 

definitions of catch-up growth. Cameron, Preece and Cole,6 for example, define catch up as an 

improvement in HAZ greater than that which would be predicted by regression to the mean, 

operationalized in the conditional growth measures used in, for example, Adair et al.32 Boersma 

and Wit33 distinguish between three types of catch-up growth: type A where a child experiences 

an increase in height velocity such that their height deficit is swiftly eliminated; type B where the 

period of growth is prolonged; and type C which is a combination of A and B. Moreover, they 

draw a distinction between catch-up growth and the resumption of a normal growth velocity.   

Using the Cameron, Preece and Cole6 definition of catch-up growth or identifying those 

children who could be classified as having type A catch-up, may well alter our findings on the 

association of catch-up growth and later cognitive outcomes. Recovery from stunting is a weak 

definition of catch up. It is possible that a child who is stunted at 2y and then resumes a normal 

growth velocity will no longer be defined at stunted at 5y. As children get older (and taller) a 

standard deviation in the reference population is associated with a larger and larger absolute 

difference in height. A child can remain the same absolute amount shorter than the mean and 

recover from stunting because relative to the mean that absolute difference is no longer 2 

standard deviations below. It is possible that they even fall further behind in absolute height and 

still recover from stunting, because the change in the size of a standard deviation with age is 
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large enough.34, 35 Our use of the most common definition of catch up has allowed for direct 

comparison, but further work is clearly needed to investigate the implications of different 

definitions of catch up on the conclusion that it does not lead to improved cognition.  

Our paper provides further evidence of the importance for cognitive development of 

linear growth, and by implication, nutrition, in the first two years of life. However, additional 

research is required to examine if the age at which early stunting is measured influences the 

assessment of the impact of catch-up growth on subsequent cognitive outcomes. Moreover, 

further research is required to investigate the extent to which the negative cognitive impact fades 

over time, and if it fades equally for moderately and severely stunted children. Finally, 

alternative definitions of catch up need to be tested, before it is concluded that catch-up growth 

does not mitigate the impact of early growth retardation on later cognitive outcomes.      
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TABLES  

 

Table 1. Individual items comprising the R-DPDQ score, Bt20, age 5 

ITEM  

Asked of caregiver* 

1. Can X dress him/herself without help? 

2. Can X play any simple board or card games? 

3. Can X brush his/her teeth without help or supervision sometimes? 

4. Can X get him/herself a bowl of cereal, spoon, dishing it out without making too 

much mess, and pouring milk (or other liquid) on it? 

Interviewer tests+ 

5. Build tower of blocks  

6. Count blocks 1 

7. Count blocks 5 

8. Imitate vertical line  

9. Copy a circle  

10. Copy a cross  

11. Copy a square – demonstrated  

12. Pick a longer line 

13. Draw a person  - 3 parts 

14. Draw a person – 6 parts  

15. Knows use of objects – 3 

16. Knows actions – 4 

17. Understands prepositions – 4 

18. Names colours – 1 

19. Names colours – 4 

20. Defines words – 5 

21. Defines words – 7 

22. Knows adjectives – 3 

23. Opposites 

24. Thumb wiggle 

25. Balance on each foot 2 

26. Balance on each foot 3 

27. Balance on each foot 4 

28. Balance on each foot 5 

29. Balance on each foot 6 

30. Hopping on one foot 

31. Heel-to-toe walk 

32. Interviewer rating of child’s speech (all or half understandable) 

Notes:  
*Responses: Yes (1), No (0), or No opportunity (0)  
+Responses: Correct/Yes (1) or Incorrect/No (0)  
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Table 2. Mean values of the regression variables 

 Mean (SD)/% N 

R-DPDQ 5y (score) 43.91 (4.70) 1019 

Stunted 2y 20.1 1019 

Stunted 5y 6.8 1019 

HAZ 2y -1.153 (1.095) 1019 

HAZ 5y -0.586 (0.949) 1019 

Birth   

Female (%) 50.6 1019 

Birth weight (g) 3071.8 (496.8) 1017 

Socio-economic status    

Black African (%) 83.4 1019 

Asset index 2y 3.86 (1.42) 856 

Mother’s age (years) 25.46 (6.24) 1019 

Mother’s schooling (years) 9.83 (2.55) 970 

Home environment/caregiver inputs   

Mother is main caregiver 2y (%) 59.3 831 

Birth order 2.03 (1.06) 1019 

Child born within 24 months (%) 5.8 850 

Caregiver plays 2y (%):  

- no time  4.0 855 

- for less than an hr/day  36.7 855 

- for more than an hr/day  59.3 855 

Caregiver teaching child 2y (%) 78.1 850 

Father(figure) plays 2y (%):   

- almost never  14.5 835 

- once a week  21.8 835 

- 2- 4 times/week  10.8 835 

- every day 52.9 835 

Child has toys (bought or made) 2y (%)  93.1 860 

Change in SES 2y-4y    

Decrease in asset score 27.3 735 

No change in asset score 47.3 735 

Increase in asset score 25.3 735 
Note: SD = standard deviation. *** p<0.01 ** p<0.05 * p<0.10. 
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Table 3. Stunting status and mean HAZ at 2 years and 5 years 

YEAR 2 YEAR 5 

 Prevalence 

(%) 

HAZ  Prevalence (%) HAZ 

Not 

stunted 
80.6 

-0.751 

(0.762) 

Neither 79.3 -0.415 

(0.767) 

Late incident 1.3 -2.216 

(0.209) 

Stunted 19.4 
-2.72 

(0. 711) 

Persistent 4.7 -2.464 

(0.357) 

Catch up 14.7 -1.287 

(0.503) 

 100 n=1574  100 n=1574 
Notes: Standard deviations in parentheses 
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Table 4. Estimates from cognitive scores regressions at 5y (OLS coefficients) 

 I II III IV V    

Stunting status  

Reference: Neither  

Persistent -3.390*** -3.091*** -2.583*** -2.530*** -2.506*** 

 (0.800)    (0.808) (0.785) (0.776) (0.778)    

Late incident  -0.357    -0.590 -0.754 -0.381 -0.416    

 (1.298)    (1.292) (1.249) (1.247) (1.249)    

Catch up -2.258*** -1.978*** -1.739*** -1.602*** -1.607*** 

 (0.432)    (0.438) (0.425) (0.423) (0.425)    

Birth characteristics 
Female  1.039*** 0.975*** 0.863*** 0.867*** 

  (0.334) (0.323) (0.321) (0.322)    

Birthweight  0.001* 0.001* 0.001* 0.001*   

  (0.000) (0.000) (0.000) (0.000)    

Socio-economic status 2y 
African   -1.589*** -1.798*** -1.783*** 

   (0.529) (0.546) (0.549)    

Asset score   0.495*** 0.440*** 0.476*** 

   (0.119) (0.121) (0.136)    

Mother’s age   -0.045* -0.028 -0.029    

   (0.026) (0.037) (0.037)    

Mother’s schooling (yrs)    0.175*** 0.110 0.107    

   (0.067) (0.069) (0.069)    

Home environment/caregiver  2y 

Mother main caregiver     0.702** 0.699**  

    (0.321) (0.321)    

Birth order     -0.216 -0.206    

    (0.231) (0.232)    

Birth spacing    -1.271* -1.254*   

    (0.709) (0.712)    

Reference: caregiver doesn’t play with 

child 

     

Plays at least an hour/day    1.662** 1.690**  

    (0.813) (0.815)    

Plays more than an hour/day    0.976 1.001    

    (0.795) (0.797)    

Caregiver teaching child    0.002 0.005    

    (0.387) (0.387)    

Reference: father(figure) never plays 

with child  

     

Father(figure) plays once/week    0.135 0.146    

    (0.526) (0.527)    

Father(figure) plays 2-4/week    0.573 0.582    

    (0.630) (0.631)    

Father(figure) plays everyday    0.573 0.556    

    (0.473) (0.474)    

Toys (bought or made)    2.060*** 2.052*** 

    (0.650) (0.651)    

Change in SES 2y-4y  
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Reference: Decrease in asset score 

No change in asset score     0.257    

     (0.381)    

Increase in asset score     0.370    

     (0.480)    

Constant 44.709*** 42.102*** 41.146*** 38.366*** 38.030*** 

 (0.190) (1.137) (1.574) (1.759) (1.815)    

N 666 666 666 666 666  
Notes: Standard errors in parentheses. *** p<0.01 ** p<0.05 * p<0.10. The regressions are run on the sample of 

children who had non-missing data on the full set of explanatory variables in Regression IV. 
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Table 5: Mean characteristics for varying samples 

 Sample of children 

with data on HAZ at 

2y & 5y 

Regression sample 

without covariates 

Regression sample 

with covariates 

R-DPDQ 5y (score) - 43.91 

(4.70) 

44.14 

(4.38) 

HAZ 2y -1.135 

(1.084) 

-1.153 

(1.095) 

-1.220 

(1.105) 

HAZ 5y -0.664 

(0.895) 

-0.586 

(0.949) 

-0.570 

(0.932) 

Stunted 2y (%) 19.44 20.12  22.52  

Stunted 5y (%) 6.04 6.77 6.16 

Birth weight (g) 3072.30 

(508.95) 

3071.76 

(496.82) 

3084.06 

(489.37) 

Black (%) 75.60 83.42 89.34 

Female (%) 52.35 50.64 49.85 

Mother’s age (yrs) 25.59 

(6.19) 

25.46 

(6.24)   

25.37 

(6.35) 

N 1574 1019 666   

Note: Standard deviations in parentheses 

 

 

 

 

Table 6. Estimates from unadjusted regressions, OLS coefficients (dependent variable = 

cognitive function scores at 5y) 

 Full sample Final regression sample 

Stunting status   

Reference: Neither   

Persistent -2.276*** -3.390*** 

 (0.668) (0.800)    

Late incident  -0.563 -0.357    

 (1.103) (1.298)    

Catch up -2.192*** -2.258*** 

 (0.407) (0.432)    

N 1019 666 
Notes: Standard errors in parentheses. *** p<0.01 ** p<0.05 * p<0.10.  

 


