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Objective: To estimate the association of improved nu-
trition in early life with adult intellectual functioning, con-
trolling for years of schooling.

Design: Prospective cohort study.

Setting: Four villages in Guatemala, as well as locations
within Guatemala to which cohort members migrated.

Participants: Individuals who had participated as chil-
dren in a nutrition supplementation intervention trial from
March 1, 1969, through February 28, 1977 (N=2392).
From May 1, 2002, through April 30, 2004, adequate in-
formation for analysis was obtained from 1448 of 2118
individuals (68.4%) not known to have died.

Interventions: Individuals exposed to atole (a protein-
rich enhanced nutrition supplement) at birth through age
24 months were compared with those exposed to the
supplement at other ages or to fresco, a sugar-sweet-
ened beverage. We measured years of schooling by
interview.

Main Outcome Measures: Scores on the Serie Inter-
americana (InterAmerican Series) tests of reading com-
prehension and the Raven Progressive Matrices, ob-
tained from May 1, 2002, through April 30, 2004.

Results: In models controlling for years of schooling and
other predictors of intellectual functioning, exposure to
atole at birth to age 24 months was associated with an
increase of 3.46 points (95% confidence interval, −1.26
to 8.18) and 1.74 points (95% confidence interval, 0.53-
2.95) on the InterAmerican Series and Raven Progres-
sive Matrices tests, respectively. There was no statistical
interaction between exposure to atole at birth to age 24
months and years of schooling on either outcome (P=.24
and P=.60, respectively).

Conclusion: Improved early-life nutrition is associated
with increased intellectual functioning in adulthood af-
ter taking into account the effect of schooling.
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S CHOOLING IS A KEY COMPO-
nent of the development of
literacy, reading compre-
hension, and cognitive func-
tioning, and thus of human

capital.1,2 The educational returns of
investments in schooling should have
their greatest effect among well-prepared
children.3 Early-life preparation for
schooling through direct investments in
intellectual development is effective.4,5

However, the literature suggests that in
resource-poor environments, poor nutri-
tional status in early childhood—usually
measured by growth retardation in height
or stunting—is associated with poor per-
formance on cognitive tests in later child-
hood or in adulthood.6-8 Therefore, both
nutrition and early-childhood intellec-
tual enrichment are likely to be impor-
tant determinants of intellectual func-
tioning in adulthood.

We have been observing prospec-
tively a cohort of Guatemalan men and
women who participated as children in a
nutritional supplementation interven-
tion trial.9 In the present study, we assess
the joint contributions of enhanced early-
life nutrition and schooling to intellec-
tual functioning in adult men and women.

METHODS

SUBJECTS AND SETTING

Longitudinal Study

The Institute of Nutrition of Central America
and Panama (INCAP) conducted a study of
child growth and development between March
1, 1969, and February 28, 1977, in 4 villages
whose residents were of mixed Spanish and
American Indian descent, located 40 to 110 km
east of Guatemala City, Guatemala.10 The 4 vil-
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lages were divided into 2 pairs based on size, then randomly
assigned to 1 of 2 treatments. In 1 village in each pair, resi-
dents were offered atole, a dietary supplement made from the
vegetable protein mixture Incaparina (EDT USA Corp, Mi-
ami, Florida), dry skim milk, and sugar that provided protein
(6.4 g/100 mL) and 900 kcal/L. In the other village, residents
were offered fresco, which contained no protein or fat and 330
kcal/L, all from sugar. Beginning in October 1971, both supple-
ments were fortified with micronutrients in equal concentra-
tions by volume. The supplements were available twice daily
at a central location in each village. Between the ages of 15 and
36 months, children who were exposed to atole had a net in-
crease of 8.7 g protein and 94 kcal/d (29.0% and 10.4% of total
intake, respectively) compared with children exposed to fresco.10

Exposure to atole improved growth rates and reduced the preva-
lence of stunting at age 3 years.10-12

The 2002-2004 Follow-up

Between 2002 and 2004, the cohort was resurveyed.13,14 Data col-
lection occurred at INCAP facilities in the study villages, at INCAP
headquarters in Guatemala City, or at respondents’ homes. All
data collection followed protocols that were approved by the in-
stitutional review boards of INCAP and Emory University, and
all study participants gave written informed consent.

Tracing, Contact, and Sample Size

Of the 2392 persons in the 1969-1977 sample, 1855 (77.6%)
were determined to be alive and living in Guatemala, 274 (11.5%)
had died—most from infectious diseases in early childhood,
162 (6.8%) had migrated abroad, and nothing could be learned
about the remaining 101 (4.2%). During 2002-2004 data col-
lection, 1571 individuals (65.7%) completed at least 1 survey
instrument, and 1448 individuals (60.5% of the original co-
hort and 68.4% of those not known to have died) provided ad-
equate data to be included in the present analysis.

VARIABLES

Schooling

We ascertained years of schooling by interview (n=1471).
Schooling was considered a continuous variable (range, 0-18
years). At the time this cohort was recruited, there was no sys-
tematic kindergarten program in Guatemala. In addition, we
categorized schooling as the completion of primary school (sixth
grade) compared with those who did not complete primary
school. We focus on the completion of primary school be-
cause this is a Millennium Development Goal3; furthermore,
primary schooling is compulsory in Guatemala.

Reading Comprehension

Respondents who reported the completion of less than 3 years
of schooling, or those who reported completing 3 to 5 years of
schooling but could not read the headline of a local newspa-
per article fluently (n=452), received a literacy test consisting
of a series of letters, words, and phrases of increasing complex-
ity. The test was scored. All other respondents were presumed
to be literate and were assigned the maximum score of 35 points.

We administered the Serie Interamericana (InterAmerican
Reading Series) (SIA)15 to 1197 individuals who completed the
literacy test with fewer than 5 errors or were presumed to be
literate, as previously described. The SIA originally was devel-
oped to assess reading abilities of Spanish-speaking children

in Texas. The SIA has demonstrated adequate test-retest reli-
ability (intraclass correlation coefficients 0.85 and 0.87 for read-
ing and vocabulary, respectively) and internal consistency (Cron-
bach �=0.79-0.98) in previous studies in this population.16 We
used reading comprehension level 2 and vocabulary level 3. The
SIA was self-administered in a quiet environment. We summed
the scores on the literacy test with those on the SIA.

Cognitive Functioning

We administered the Raven Progressive Matrices, a nonverbal
assessment of cognitive ability, to 1452 individuals.17,18 The test
consists of a series of pattern-matching exercises, with the pat-
terns getting progressively more complex and hence harder to
match correctly. The Raven Progressive Matrices have shown
adequate test-retest reliability (intraclass correlation coeffi-
cient, 0.87) and internal consistency, as well as construct va-
lidity in earlier studies in this population.16 We administered
scales A to C, 12 items each. Results are presented as the num-
ber of correct answers.

Characterizing Exposure to Supplement

The original intervention study included all children in the vil-
lages younger than 7 years at study launch, pregnant women,
and newborns. Supplementation was provided from March 1,
1969, through February 28, 1977. Children were followed up
through age 7 years or the end of the study. Thus, all children
were exposed to 1 of 2 supplements at some point, and chil-
dren could have been exposed to the intervention at a range of
ages: prenatally through supplement intake by the mother and
postnatally through maternal supplement intake transmitted as
breast milk as well as through the child’s own consumption.

For each child, we created a variable that takes a value of 1
when the respondent was exposed to any form of supplemen-
tation for the entire window at birth to age 24 months (here-
inafter “0 to 24 months”) and 0 otherwise (denoted as “expo-
sure to supplementation at ages 0 to 24 months”). We also
created a variable (“supplement type”) that takes the value 1 if
the child lived in one of the atole villages, and 0 otherwise. The
interaction term between the 2 variables (denoted as “expo-
sure to atole at ages 0 to 24 months”) represents the differen-
tial effect of exposure to atole compared with fresco at ages 0
to 24 months, after subtracting the difference between indi-
viduals exposed to atole compared with fresco at other ages (ie,
those coded 0 for “exposure to supplementation from ages 0
to 24 months”). The interaction term, therefore, provides an
estimate of the double-difference effect of atole relative to fresco
for a given window of exposure. Because this formulation is
not dependent on actual intake of the supplement, our ap-
proach represents the intent-to-treat effect of exposure to atole
at ages 0 to 24 months.

Other Variables

We developed dummy variables for the study villages, captur-
ing fixed characteristics of these localities that might affect edu-
cation-related outcomes. We also derived indicators of house-
hold proximity to the feeding center in each village to account
for differences in accessibility that have been shown to be asso-
ciated with intake,19 as well as indicators for parental character-
istics related to schooling or to intellectual potential, namely,
household socioeconomic status in 1967 (for participants born
before 1971) or in 1975 (for participants born after 1970),20 ma-
ternal and paternal schooling attainment, and maternal and pa-
ternal age when the participant was born.14,21 We used archival
and updated village histories22-24 to derive measures for the avail-
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ability of a permanent structure for the primary school and pri-
mary school student-teacher ratios when the respondent was
aged 7 and 12 years. Although these schooling variables re-

flect community characteristics, they vary by single-year age
cohorts within each village and relate school availability to the
period in a child’s life when critical decisions about schooling
are made.

STATISTICAL ANALYSIS

In the analysis, we retained 1448 individuals for whom data
on schooling, reading comprehension, and the Raven Progres-
sive Matrices were available. Missing values for specific covar-
iates (eg, maternal and paternal schooling; 23.8% of individu-
als had missing values for 1 or more covariates) were handled
using multiple imputation procedures.25 Five replicate data sets
were created using PROC MI in SAS statistical software, ver-
sion 9.1 (SAS Institute, Cary, North Carolina). Each data set
was then analyzed using standard procedures for complete data,
and the results from these analyses were combined using PROC
MIANALYZE in SAS.

Associations of exposure to the intervention and school-
ing, considered in separate models as a continuous measure and
as a binary variable, with the reading comprehension scores and
with the Raven scores were modeled using linear regression.
We present estimates and 95% confidence intervals (CIs).

Our base model included terms for exposure to supplemen-
tation at ages 0 to 24 months, supplement type, and the inter-
action term exposure to atole at ages 0 to 24 months. We then
added schooling to the model. Using interaction terms, we tested
whether the estimated association of exposure to atole at ages
0 to 24 months with the outcomes varied by schooling attain-
ment. We controlled for sex, village, year of birth (continu-
ous), and the community and household covariates described
in the “Other Variables” subsection.

In our population, individuals reside within 4 villages, and
84.7% of participants have 1 or more siblings in the study. There-

Table 1. Characteristics of 1448 Respondents by Exposure to a Nutrition Supplementa and Schoolingb

Characteristic

Nutrition Supplementation

Completed Primary School
Atole Fresco

Exposed at
Ages 0-24 mo

(n=386)

Exposed at Ages
Other Than 0-24 mo

(n=384)

Exposed at
Ages 0-24 mo

(n=336)

Exposed at Ages
Other Than 0-24 mo

(n=342)
No

(n=782)
Yes

(n=666)

Male sex, No. (%) 178 (46.1) 178 (46.4) 167 (49.7) 150 (43.9) 305 (39.0) 368 (55.2)
Age in 2002, y 30.43 (1.84) 33.42 (5.14) 30.28 (1.90) 33.60 (5.26) 32.47 (4.24) 31.31 (4.09)
Socioeconomic status in 1967 or 1975c 0.01 (0.91) 0.03 (0.77) −0.02 (0.88) −0.02 (0.91) −0.10 (0.76) 0.12 (0.97)
Maternal schooling, y 1.18 (1.49) 1.13 (1.53) 1.54 (1.80) 1.61 (1.84) 1.02 (1.48) 1.74 (1.80)
Paternal schooling, y 1.35 (1.93) 1.16 (1.76) 2.13 (2.15) 2.11 (2.24) 1.18 (1.64) 2.23 (2.35)
Maternal age at respondent’s birth, y 27.63 (7.11) 27.41 (7.13) 26.96 (7.25) 28.00 (6.77) 27.73 (6.95) 27.24 (7.22)
Paternal age at respondent’s birth, y 33.22 (8.45) 32.92 (8.26) 32.76 (8.49) 32.56 (7.85) 32.99 (8.33) 32.74 (8.19)
Student to teacher ratio at age 7 y 41.00 (6.24) 43.47 (7.54) 34.18 (5.38) 40.40 (12.61) 40.94 (9.11) 38.75 (8.72)
Student to teacher ratio at age 12 y 37.76 (3.72) 39.41 (7.23) 34.74 (4.18) 33.89 (4.28) 37.09 (5.93) 35.99 (5.01)
Permanent structure of primary school

at age 7 y, No. (%)
64 (16.58) 100 (26.04) 312 (92.86) 210 (61.40) 299 (38.24) 387 (58.11)

Permanent structure of primary school
at age 12 y, No. (%)

334 (86.53) 142 (36.98) 336 (100.00) 328 (95.91) 569 (72.76) 571 (85.74)

Highest grade completed, y 4.28 (3.57) 3.77 (3.20) 5.63 (3.25) 5.26 (3.43) 2.19 (1.69) 7.63 (2.54)
Reading comprehension scored 67.86 (30.45) 61.34 (32.40) 71.42 (24.86) 67.76 (29.07) 50.48 (29.21) 86.25 (14.88)
Raven Progressive Matrices scoree 18.85 (6.22) 17.42 (6.00) 17.44 (6.19) 16.99 (5.99) 15.51 (4.80) 20.28 (6.53)

aVillages were randomized to receive atole (a protein-rich food supplement) or fresco (a carbohydrate beverage). Age at exposure to the supplement was derived
from the birth date of the child and the period of intervention.

bData are given as mean (SD) unless otherwise indicated.
cFirst component of a principal components analysis using household assets and home construction materials in 1967 for individuals born before 1971 or in 1975 for

those born after 1970.
dSum of scores on the literacy prescreen (range, 0-35 points) and the Serie Interamericana (InterAmerican Series) tests of reading comprehension (level 2: range,

0-40 points) and vocabulary (level 3: range, 0-45 points). Individuals presumed literate were assigned 35 points on the literacy pretest.
eNumber of correct answers (range, 0-36).
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Figure 1. Performance on the Serie Interamericana (InterAmerican Reading
Series) reading comprehension tests among participants in the 2002-2004
follow-up survey to a longitudinal study in Guatemala conducted from
1969-1977, by exposure to atole at birth to age 24 months and schooling
(ie, highest grade attained). Data are least-squares means and 95%
confidence intervals and are adjusted for sex; year of birth; socioeconomic
status in 1967 or 1975; maternal and paternal years of schooling, maternal
and paternal age at respondent’s birth (years, log transformed); distance
from house to feeding center (2 dummies); student to teacher ratio when the
respondent was aged 7 and 12 years; school construction materials when
the respondent was aged 7 and 12 years (permanent materials vs other); and
clustering of subjects within family and families within village. Data for
grades 7 through 9 and for grades 10 and higher are pooled because of
small sample sizes and are presented at the group median (grades 8 and 12,
respectively).
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fore, we used the SAS procedure MIXED to fit linear-mixed mod-
els, which account for the clustering of subjects within family
and families within village.

RESULTS

CHARACTERISTICS OF
THE STUDY SAMPLE

Almost 50% of the study sample was male, and male re-
spondents were more likely to have completed primary
school than were female respondents (Table 1). The
mean age was 32 years. Parental years of schooling was
higher among individuals not exposed to atole at ages 0
to 24 months. This difference is attributable to long-
standing differences in schooling observed in 1 village
that was randomized to fresco. Fewer individuals ex-
posed to atole at ages 0 to 24 months attended a school
that was a permanent structure at age 7 years, but that
difference was no longer apparent by age 12 years. So-
cioeconomic status in childhood, parental years of school-
ing, and the probability that the school was a perma-
nent structure were all higher among individuals who
completed primary school.

READING COMPREHENSION

The mean reading comprehension score was 66.9 (range,
0-118) (Table 1). Reading comprehension scores had a
curved relationship with schooling, with the slope steep-
est at low levels of schooling (Figure 1). In a linear
model, each year of schooling was associated with a 6.54-
point increment in the score (95% CI, 6.21-6.88). In ad-
justed models that did not include schooling, exposure
to atole at ages 0 to 24 months was associated with a 6.72-
point increment in the reading comprehension score (95%
CI, −0.02 to 13.46). With additional adjustment for

schooling as a continuous variable, exposure to atole at
ages 0 to 24 months was associated with a 3.46-point in-
crement in the reading comprehension score (95% CI,
−1.26 to 8.18) (Table2), whereas adjustment for comple-
tion of primary school resulted in an estimate of 6.39
points (95% CI, 0.79-11.99) (Table 3). No interaction
between exposure to atole at ages 0 to 24 months and
schooling was observed on the reading comprehension
score when schooling was considered a continuous vari-
able (P=.24 for the interaction term) (Table 2) or a bi-
nary variable (P=.26) (Table 3).

We repeated the analysis with the addition of a qua-
dratic term for schooling attainment and using spline re-
gression with 1 node to capture the nonlinear relation-
ship between schooling and the reading comprehension
score. The results were consistent with those from the
linear model (data not shown).

RAVEN PROGRESSIVE MATRICES

The mean Raven score was 17.7 (range, 0-36). The Raven
score was approximately linearly related to schooling at-
tainment (Figure 2). Each year of schooling was asso-
ciated with a 0.90-point increment in the Raven score
(95% CI, 0.82-0.99). In adjusted models that did not in-
clude schooling, exposure to atole at ages 0 to 24 months
was associated with a 2.19-point increment in the Raven
score (95% CI, 0.80-3.57). With additional adjustment
for schooling, exposure to atole at ages 0 to 24 months
was associated with a 1.74-point increment in the Raven
score (95% CI, 0.53-2.95). Adjustment for completion
of primary school resulted in an estimate of 2.09 points
(95% CI, 0.79-3.39). No interaction between exposure
to atole at ages 0 to 24 months and schooling was ob-
served for the Raven score when schooling was in-
cluded as a continuous variable (P=.60) (Table 2) or as
a binary variable (P=.15) (Table 3).

Table 2. General Linear Mixed Modela Estimates of Mean Differences in Schooling Attainment and Reading Comprehension
and Raven Progressive Matrices Scores

Characteristic

Estimate (95% Confidence Interval)

Reading Comprehension Score Raven Progressive Matrices Score

Main Effects
Main Effects

and Interaction Main Effects
Main Effects

and Interaction

Schooling attainment, y 6.54 (6.21 to 6.88) 6.46 (5.84 to 7.07) 0.90 (0.82 to 0.99) 0.85 (0.69 to 1.01)
Supplement exposure at ages 0-24 mo 0.79 (−2.40 to 3.97) 5.16 (−0.71 to 11.04) −0.39 (−1.22 to 0.43) −0.71 (−2.24 to 0.82)
Supplement type, atole vs fresco 4.97 (−3.58 to 13.52) −0.31 (−9.34 to 8.71) 2.69 (1.66 to 3.73) 2.23 (0.73 to 3.72)
Exposure to atole at ages 0-24 mo 3.46 (−1.26 to 8.18) 5.07 (−2.50 to 12.64) 1.74 (0.53 to 2.95) 2.16 (0.19 to 4.13)
Supplement exposure at ages 0-24

mo � schooling attainment
NA −0.75 (−1.63 to 0.13) NA 0.06 (−0.17 to 0.29)

Supplement type � schooling attainment NA 1.26 (0.41 to 2.12) NA 0.09 (−0.13 to 0.32)
Exposure to atole at ages 0-24

mo � schooling attainment
NA −0.72b (−1.92 to 0.48) NA −0.08c (−0.39 to 0.23)

Abbreviation: NA, not applicable.
aControlled for sex; year of birth; socioeconomic status in 1967 or 1975; maternal and paternal years of schooling; maternal and paternal age at respondent’s birth

(years, log transformed); distance from house to feeding center (2 dummies); student to teacher ratio when the respondent was aged 7 and 12 years; school
construction materials when the respondent was aged 7 and 12 years (permanent materials vs other); also accounting for clustering of subjects within family and
families within village.

bP=.60 for the interaction term.
cP=.24 for the interaction term.
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COMMENT

It is presumed that investments in schooling will have
greater returns if the children arrive at school well pre-
pared.26 Decisions about schooling are made by parents
in accordance with their perceptions of the child’s po-
tential, the costs and expected returns of schooling, and
societal values about investments in schooling. The child’s

potential, as perceived early in life by the parents, thus
may influence the quantity of schooling that might be
obtained and the resulting cognitive attainments. Nutri-
tion in early life is associated with markers of child de-
velopment in this population,27,28 and exposure to atole
for most of the first 3 years of life was associated with an
increase of 0.4 years in attained schooling, with the as-
sociation being stronger for females (1.2 years of school-
ing).21 Thus, schooling might be in the causal pathway
between early childhood nutrition and adult intellec-
tual functioning. Our estimates for the effect of expo-
sure to atole at ages 0 to 24 months on reading compre-
hension scores were attenuated from 6.39 to 3.46 points
with adjustment for schooling (notably, adjustment for
the completion of primary schooling did not attenuate
this estimated association; this may represent inad-
equate control for schooling). No such attenuation was
observed for the Raven scores, regardless of the mea-
sure used to represent schooling. Our data are consis-
tent with the model that early-life nutritional interven-
tion results in improvements in growth and development,
which in turn induce further parental investments, in-
cluding schooling; both the improved nutrition and the
higher levels of schooling are associated with improve-
ments in adult cognitive functioning. Our data specifi-
cally suggest that early-life nutrition is independently as-
sociated with the Raven score, but that the association
with reading comprehension is at least partially medi-
ated through its association with increasing schooling.
Early-life psychosocial interventions have strong asso-
ciations with cognitive development4; these were not
evaluated systematically in our study. Elsewhere, we sug-
gest that the association between schooling and intellec-
tual functioning in adulthood is substantially attenu-
ated with adjustment for factors that predict height at age

Table 3. Completion of Primary School and General Linear Mixed Modela Estimates of Mean Differences in Reading Comprehension
and Raven Progressive Matrices Scores

Characteristic

Estimate (95% Confidence Interval)

Reading Comprehension Score Raven Progressive Matrices Score

Main Effects
Main Effects

and Interaction Main Effects
Main Effects

and Interaction

Completion of primary schoolb 34.06 (31.41 to 36.71) 37.04 (31.98 to 42.09) 4.34 (3.74 to 4.95) 4.16 (2.99 to 5.33)
Exposure at ages 0-24 mo 0.35 (−3.44 to 4.13) 5.93 (0.15 to 11.71) −0.44 (−1.33 to 0.44) −0.16 (−1.50 to 1.19)
Supplement type, atole vs fresco 3.39 (−3.59 to 10.36) 4.15 (−3.56 to 11.87) 2.25 (1.14 to 3.36) 2.22 (0.83 to 3.60)
Exposure to atole at ages 0-24 mo 6.39 (0.79 to 11.99) 2.03 (−5.46 to 9.51) 2.09 (0.79 to 3.39) 1.39 (−0.36 to 3.13)
Exposure at ages 0-24 mo � completion

of primary school
NA −9.05 (−16.18 to −1.93) NA −0.49 (−2.15 to 1.17)

Supplement type � completion of primary
school

NA −0.00 (−6.99 to 6.98) NA −0.04 (−1.66 to 1.58)

Exposure to atole at ages 0-24 mo�
completion of primary school

NA 5.65c (−4.22 to 15.52) NA 1.70d (−0.60 to 4.00)

Abbreviation: NA, not applicable.
aControlled for sex; year of birth; socioeconomic status in 1967 or 1975; maternal and paternal years of schooling; maternal and paternal age at respondent’s birth

(years, log transformed); distance from house to feeding center (2 dummies); student to teacher ratio when the respondent was aged 7 and 12 years; school
construction materials when the respondent was aged 7 and 12 years (permanent materials vs other); also accounting for clustering of subjects within family and
families within village.

bReference group is individuals who did not complete primary school.
cP=.26 for the interaction term.
dP=.15 for the interaction term.
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Figure 2. Performance on the Raven Progressive Matrices among participants
in the 2002-2004 follow-up survey to a longitudinal study in Guatemala
conducted from 1969 through 1977, by exposure to atole at birth to age 24
months and schooling. Data are least-squares means and 95% confidence
intervals, and are adjusted for sex; year of birth; socioeconomic status in 1967
or 1975; maternal and paternal years of schooling; maternal and paternal age
at respondent’s birth (years, log transformed); distance from house to feeding
center (2 dummies); student to teacher ratio when the respondent was aged
7 and 12 years; school construction materials when the respondent was aged
7 and 12 years (permanent materials vs other); and clustering of subjects
within family and families within village. Data for grades 7 through 9 and for
grades 10 and higher are pooled because of small sample sizes and are
presented at the group median (grades 8 and 12, respectively).
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7 years29; those results further reinforce the importance
of early life circumstances in the development of cogni-
tive functioning over the life course.

Our study was conducted in a resource-poor setting
where stunting has been widespread among children and
opportunities for schooling have been limited. In the early
1960s, schools consisted of single rooms with multiple
ages and grades being taught simultaneously by a single
teacher. We lack detailed measures for the quality of
schooling but were able to control for 2 community-
level characteristics that varied across villages and over
time, namely, the student-teacher ratio and the materi-
als used to construct the schools. We also controlled for
year of birth, which captures any similar secular trends
in schooling quality across all villages.

There have been 2 prior investigations of the relation-
ship between nutrition in early life and later intellectual
functioning in this cohort. Pollitt et al16 examined the co-
hort in 1988, when cohort members were aged 11 to 25
years and some, especially the younger members, were
still in school. Li et al30 studied a sample of women who
were living in the study villages and delivered an infant
between 1991 and 1996. Both studies reported that ex-
posure to atole in early childhood was associated with a
larger estimate of the effect of schooling on reading com-
prehension. We did not observe this interaction in our
study, which included a larger proportion of the cohort
at ages when all had completed their schooling. Pollitt
et al did not observe any association between exposure
to atole and the Raven score, and Li et al did not exam-
ine this association.

The study population was not individually random-
ized to receive atole or fresco. With only 2 pairs of vil-
lages randomized, baseline differences among the vil-
lages are not fully addressed by randomization. These
differences include patterns of schooling; rates of school-
ing were, and continue to be, higher in the fresco vil-
lages. We controlled for village and several individual and
community factors potentially related to both decisions
about school enrollment and later cognitive function-
ing. We were concerned that adult literacy programs, tar-
geted at those with little formal schooling, might have
biased our results. In practice, few respondents re-
ported attending adult literacy programs.

Our analysis does not consider the dosage of nutri-
tion supplement received, which previously has been
shown to be related to factors such as the distance from
the home to the feeding center.19 In addition, the poten-
tial for attrition bias must be considered. The major cause
of attrition was mortality (274 deaths, representing 29.0%
of all nonstudied individuals). We were able to obtain
data on outcome measures for 60.5% of the cohort (68.4%
of those not known to have died). For attrition to bias
our results, those who were not studied would need to
differ selectively with respect to their exposure to the in-
tervention, with their schooling attainment, and with their
current cognitive functioning. The first has been shown
to have occurred,13 but we lack information on the lat-
ter two. To preserve the sample size while preventing in-
troduction of further bias, we used multiple imputation
to address covariate nonresponse; we did not impute val-
ues for the key outcome variables.

Our intervention was food-based and resulted in in-
creased intakes of protein, fat, carbohydrates, and a range
of micronutrients in those exposed to atole. Hence, we
interpret our findings as suggestive of a role for high-
quality food and not for specific nutrients.

Major efforts are under way to improve the nutrition
of disadvantaged young children,31 and the second Mil-
lennium Development Goal is to achieve universal pri-
mary schooling everywhere by 2015.32 Even if the only
effect of improved early-life interventions, whether nu-
tritional or behavioral, is to induce parents to provide more
schooling for their children, such interventions have a
potential for high returns.33 The increment in the Raven
Progressive Matrices scores associated with exposure to
atole at ages 0 to 24 months represents the equivalent of
1.6 additional years of schooling. Our data, which sug-
gest an effect of exposure to an enhanced nutritional in-
tervention in early life that is independent of any effect
of schooling, provide additional evidence in support of
intervention strategies that link early investments in chil-
dren34 to continued investments in early-life nutrition and
in schooling.1
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22. Pivaral VM. Caracterı́sticas Económicas y Socioculturales de Cuatro Aldeas Ladi-
nas de Guatemala. Guatemala City, Guatemala: Ministerio de Educación Púb-
lica, Instituto Indigenista Nacional; 1972.

23. Bergeron G. Social and economic development in four Latino communities of
eastern Guatemala: a comparative description. Food Nutr Bull. 1992;14(3):
221-236.

24. Estudio 1360. Changes in the socioeconomic and cultural conditions that affect
the formation of human capital and economic productivity. Final report pre-
sented to the Institute of Nutrition of Central America and Panama; May 13, 2002;
Guatemala City, Guatemala.

25. Rubin DB. Multiple Imputation for Nonresponse in Surveys. New York, NY: John
Wiley & Sons Inc; 1987.

26. Walker SP, Wachs TD, Gardner JM, et al; for the International Child Develop-
ment Steering Group. Child development: risk factors for adverse outcomes in
developing countries. Lancet. 2007;369(9556):145-157.

27. Lasky RE, Klein RE, Yarborough C, Engle PL, Lechtig A, Martorell R. The rela-
tionship between physical growth and infant development in rural Guatemala.
Child Dev. 1981;52(1):219-226.

28. Kuklina EV, Ramakrishnan U, Stein AD, Barnhart HX, Martorell R. Early child-
hood growth and development in rural Guatemala. Early Hum Dev. 2006;82
(7):425-433.

29. Behrman, Hoddinott JR, Maluccio J, Soler-Hampejsek JA, Behrman E, Martorell
EL, Ramirez-Zea R, Stein M. What Determines Adult Cognitive Skills? Impacts
of Pre-school, Schooling and Post-school Experiences in Guatemala. Philadel-
phia: University of Pennsylvania; 2006.

30. Li H, Barnhart HX, Stein AD, Martorell R. Effects of early childhood supplemen-
tation on the educational achievement of women. Pediatrics. 2003;112(5):
1156-1162.

31. Rivera JA, Sotres-Alvarez D, Habicht JP, Shamah T, Villalpando S. Impact of the
Mexican program for education, health, and nutrition (Progresa) on rates of growth
and anemia in infants and young children: a randomized effectiveness study. JAMA.
2004;291(21):2563-2570.

32. United Nations. Millennium Declaration, General Assembly resolution 55/2, Sep-
tember 18, 2000. http://www.un.org/millennium/declaration/ares552e.pdf. Ac-
cessed April 14, 2008.

33. Engle PL, Black MM, Behrman JR, et al; for the International Child Development
Steering Group. Strategies to avoid the loss of developmental potential in more
than 200 million children in the developing world. Lancet. 2007;369(9557):
229-242.

34. World Bank. Repositioning Nutrition as Central to Development: A Strategy for
Large-scale Action. Washington, DC: World Bank; 2006.

We have seen that, although American com-
munities are already aiding youth, all can do
even better.

—From The Adolescent Years by William W.
Wattenberg, 1955.
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