
Supplemental Information

DATA COLLECTION AND PROCESSING

Socioeconomic Status

Every 6 months during the first
2 years of life, a household
questionnaire was used to collect
information on socioeconomic status.
Questions included the mean monthly
household income, which was
converted from the local currency to
US dollars (using the 2010 exchange
rate); ownership of number of assets
was also recorded, with assets
identified from a pilot study and
selected to maximize predictive
power of stunting17; years of
maternal education; and whether the
household had access to improved
water and sanitation (using World
Health Organization definitions).
Water and sanitation status were
largely constant, but the mode
average used here.

Child Home Environment

An adapted version46 of the HOME
Inventory at 6, 24 (Infant and Toddler
version), and 60 months (Early
Childhood version) was included as
an assessment of the physical and
relational aspects of the home
environment.18 It rates the presence
of objects and behaviors that enhance
child development, such as the
presence of child-appropriate
learning materials (eg, toys
promoting learning the alphabet,
numbers, and puzzle solving), the
quality of interaction with the
caregiver (eg, offering encouragement
and affection), and the safety of the
play environment, among others.
Psychometric analyses of the 2 earlier

time points supported 3 separate
factors (describing the environmental
safety of the home, child cleanliness,
and the emotional and verbal
responsivity of the caregiver),
whereas analyses of the latter
observation supported a single factor
(behaviors and materials to support
learning) for use across sites (based
on exploratory and confirmatory
analyses and Multiple Indicator
Multiple Causes modeling to examine
intersite variability).19

Illness

Households were visited twice per
week from the child’s birth to 2 years
of age, and the caregiver was asked
about symptoms of illness over the
preceding days, therefore
constructing a daily record of
illness.13,47 Information on diarrhea
($3 loose stools within 24 hours or
visible blood in the stool), ALRI
(defined according to the WHO on the
basis of cough, shortness of breath,
and respiration rate), fever, and vomit
(both maternally defined) was
collected. In all cases, the proportion
of days with symptoms (out of the
days with follow-up) between
enrollment and 24 months was
calculated.

Fecal and Urinary Biomarkers

Monthly stools (nondiarrheal) from
the first year and quarterly from the
second year of life were analyzed for
the concentration of 3 fecal
biomarkers (myeloperoxidase,
neopterin, and a-1-antitrypsin).48 All
3 have strong trends with age, and
their log concentrations were

detrended using a linear mixed
effects model to adjust for a child’s
age, whether they had recent (#7
days) fever reported by the mother or
consumption of breast milk.16 The
model also adjusted for the delay
between collection and analysis. The
residuals (adjusted concentrations)
were then retained for analysis.

Urine was collected at 3, 6, 9, and
15 months for analysis with the
lactulose:mannitol dual sugar test of
gut permeability.49 The ratio of the 2
sugars was converted to an age- and
sex-standardized score (relative to
the Brazil population).

Diet

Twice-weekly reports of
breastfeeding practices were
summarized to calculate the
proportion of the 0 to 6 month period
(ie, recommended exclusive
breastfeeding) for which the child
only received breast milk.15 From 9 to
24 months, 24-hour recall was used
to capture quantitative nutrient
intake from complementary feeding
on a monthly basis. Mothers were
asked about the foods consumed by
the child and these were converted
into nutrients using a number of food
composition tables.15 The mean of
each nutrient, representing
a long-term “usual” intake, was scaled
by the total energy from
complementary food and then
square-rooted.

Micronutrient Status

Hemoglobin was assessed at 7, 15,
and 24 months from a finger-prick
blood sample (using the HemoCue
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method).15 Venous blood was
collected at the same time points to
quantify concentrations of plasma
retinol (for vitamin A status, using
high-performance liquid
chromatography), plasma zinc (using
atomic absorption
spectrophotometry), plasma ferritin,
and plasma transferrin receptor (TfR)
(both for iron status, using enzyme
immunoassays [Ramco Laboratories
Inc, Stafford, TX]). Plasma a-1-acid
glycoprotein was additionally
measured (using radial
immunodiffusion; Kent Laboratories,
Bellingham, Washington, DC) to
control for inflammation and used to
adjust ferritin and TfR concentrations
following the BRINDA approach.50

Deficiencies were defined as follows:
vitamin A deficiency, as retinol
concentration ,0.70 mmol/L; zinc
deficiency as plasma zinc
concentration ,9.9 mmol/L; iron
deficiency as plasma ferritin ,12 mg/
L; TfR as elevated with
concentrations .8.3 mg/L; and
anemia was identified as hemoglobin
,11.0 g/dL. Variables were defined
to describe children who had ever
had a micronutrient deficiency (ie,
a child had an observation of
deficiency across any of the 3
observations for each micronutrient).

Maternal Reasoning

The Raven Progressive Matrices20

were used to assess maternal
reasoning when the child was
between 6 and 8 months old.
Psychometric analyses supported
a single factor for use with pooled
data across all sites.

Maternal Depressive Symptoms

The Self-Reporting Questionnaire-20
was used to determine maternal
depressive symptoms at 60 months.51

The questionnaire had 18 items that
were valid across all sites, assessed
using exploratory and confirmatory
analyses.

ANTHROPOMETRY

Anthropometry, length and weight,
was measured monthly from birth to
2 years of age by trained field-
workers in addition to recording
them from birth, where available, or
enrollment (#17 days of birth).52

Both measurements were converted
to age- and sex-standardized z-scores
following World Health Organization
methods.53 Weight was also
measured at 60 months.

IMPUTATION

Variables were screened for missing
observations and multiple imputation
chain equations by using predictive
mean matching and 10 imputations.
Any variable that excluded an entire
site was excluded, and variables
deemed too sparse were also
excluded in favor of different
variables from the same domain
(where possible). Of the 58 variables
available to the discriminant analysis,
28 required imputation (a total of
263 of 48 167 [0.5%] observations),
distributed across 123 children.
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SUPPLEMENTAL FIGURE 4
Univariate Cohen k statistics describing the prediction accuracy of linear discriminant analysis classifying cognitive trajectories. aDenotes variables
derived from the HOME Inventory. AGP, a-1-acid glycoprotein; LMZ, lactulose:mannitol z score; MFP, meat, fish, poultry; WAZ, weight-for-age z score.
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SUPPLEMENTAL TABLE 4 The Number of Children Enrolled, the Number of Children Assessed at Each Cognitive Sampling Time and Those Included in the
Analysis

Dhaka,
Bangladesh

Fortaleza,
Brazil

Vellore,
India

Naushero Feroze,
Pakistan

Venda, South
Africa

N

Enrolled 265 233 251 277 314 1340
BSID-III
6 mo 228 122 214 253 187 1004
15 mo 201 115 206 243 189 954
24 mo 181 129 222 240 188 960

WPPSI-III
60 mo 193 115 212 195 195 910

Included in analysis ($2 BSID-III and WPPSI-III)
6, 15, 24, 60 mo 158 47 170 181 131 687
15, 24, 60 mo 3 14 17 4 20 58
6, 24, 60 mo 9 14 17 5 8 53
6, 15, 60 mo 14 11 3 2 7 37
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SUPPLEMENTAL TABLE 5 Candidate Variables To Be Included in the Multinomial Models

Variable Age, mo Statistic Range Unit

Sex — — Boy or girl —

Month of birth — — January to December mo
Child cleanlinessa 6, 24 Score 0 to 4 Score
Environmental safetya 6, 24 Score 0 to 4 Score
Emotional and verbal responsivitya 6, 24 Score 0 to 13 Score
Behaviors and materials to support learninga 60 z score 22.22 to 1.22 z score
Maternal reasoning (Raven Progressive Matrices) 6 to 8 Score 2 to 45 Score
Maternal depressive symptoms (self-reporting questionnaire) 60 Count 0 to 18 Items
Asset score 6, 12, 18, 24 Count 0 to 8 Items
Maternal education 6, 12, 18, 24 Maximum 0 to 16 y
Diarrhea 0 to 24 Proportion 0 to 0.66 d
Study symptoms (diarrhea, fever, vomiting, ALRI) 0 to 24 Proportion 0 to 0.99 d
Weaning after 24 mo — — Yes or no —

Proportion of days of exclusive breastfeeding 0 to 6 Proportion 0 to 1 d
Total energy 9 to 24 Mean sqrt 62 to 1554 kcal
Protein density 9 to 24 Mean sqrt 3.9 to 7.24 g/1000 kcal
Animal source protein density 9 to 24 Mean sqrt 0.39 to 6.55 g/1000 kcal
MFP protein density 9 to 24 Mean sqrt 0 to 4.36 g/1000 kcal
MFP iron density 9 to 24 Mean sqrt 0 to 1.12 mg/1000 kcal
Folate density 9 to 24 Mean sqrt 5.99 to 21.8 mg/1000 kcal
Polyunsaturated fat density 9 to 24 Mean sqrt 1.02 to 3.41 g/1000 kcal
Saturated fat density 9 to 24 Mean sqrt 1.21 to 5.8 g/1000 kcal
Monounsaturated fat density 9 to 24 Mean sqrt 1.48 to 4.41 g/1000 kcal
Cholesterol density 9 to 24 Mean sqrt 2.08 to 20 mg/1000 kcal
Carbohydrate density 9 to 24 Mean sqrt 9.24 to 14.0 g/1000 kcal
Iron (non-MFP) density 9 to 24 Mean sqrt 0.95 to 5.25 mg/1000 kcal
Zinc density 9 to 24 Mean sqrt 1.26 to 3.66 mg/1000 kcal
Copper density 9 to 24 Mean sqrt 0.28 to 1.02 mg/1000 kcal
Calcium density 9 to 24 Mean sqrt 7.27 to 35.36 mg/1000 kcal
Vitamin A density 9 to 24 Mean sqrt 4.04 to 34.56 mg/1000 kcal
Vitamin C density 9 to 24 Mean sqrt) 1.2 to 13.09 mg/1000 kcal
Vitamin E density 9 to 24 Mean sqrt 0.58 to 3.04 mg/1000 kcal
Vitamin B6 density 9 to 24 Mean sqrt 0.27 to 1.66 mg/1000 kcal
Vitamin B12 density 9 to 24 Mean sqrt 0.16 to 2.44 mg/1000 kcal
Vitamin D density 9 to 24 Mean sqrt 0 to 3.34 mg/1000 kcal
Phytate density 9 to 24 Mean sqrt 7.69 to 50 g/1000 kcal
LMZ 3, 6, 12, 15 Mean 23 to 2.78 z score
Hemoglobin 7, 15, 24 Mean 6 to 14.2 g/dL
Plasma retinol 7, 15, 24 Mean sqrt 2.85 to 8.18 mmol/L
Plasma ferritin 7, 15, 24 Mean sqrt 0.76 to 15.7 mg/L
Plasma TfR 7, 15, 24 Mean sqrt 0.2 to 4.71 mg/L
AGP 7, 15, 24 Mean sqrt 4.12 to 17.3 mg/dL
Ever anemic? 7, 15, 24 Binary Yes or no —

Ever had low plasma zinc? 7, 15, 24 Binary Yes or no —

Ever had low plasma retinol? 7, 15, 24 Binary Yes or no —

Ever had low plasma ferritin? 7, 15, 24 Binary Yes or no —

Ever had high plasma TfR? 7, 15, 24 Binary Yes or no —

Nondiarrheal pathogen detection rate 0 to 24 Proportion 0.19 to 2.87 Pathogens, stool
Nondiarrheal bacterial pathogen detection rate 0 to 24 Proportion 0.06 to 2.2 Pathogens, stool
Nondiarrheal protozoal pathogen detection rate 0 to 24 Proportion 0 to 1 Pathogens, stool
Nondiarrheal worm detection rate 0 to 24 Proportion 0 to 0.23 Pathogens, stool
Enrollment WAZ 0 — 24.71 to 2.14 z score
Early WAZ velocity (0–2m) 2 — 21.52 to 1.48 z score
Wt 60 — 9.7 to 34 kg

AGP, a-1-acid glycoprotein; LMZ, lactulose:mannitol z score; MFP, meat, fish, poultry; sqrt, square root; WAZ, wt-for-age z score; —, not applicable.
a Derived from HOME Inventory.
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