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ABSTRACT
Background: Better early childhood nutrition improves schooling,
adult health, skills, and wages, but there is little evidence regarding
its effect on the next generation.
Objective: We assessed whether nutritional supplementation in
children aged ,7 to 15 y affected their children’s nutritional status
29–38 y later.
Design: We studied 791 children 0–12 y who were offspring of 401
Guatemalan women who had participated as children in a nutritional
supplementation trial in which 2 villages were randomly assigned to
receive a nutritious supplement (atole) and 2 were assigned to re-
ceive a less-nutritious supplement (fresco). We compared anthropo-
metric indicators between the offspring of mothers exposed to atole
and the offspring of mothers exposed to fresco.
Results: Compared with the offspring of women exposed to fresco,
the offspring of women exposed to atole had a 116-g (95% CI: 17,
215 g) higher birth weight, were 1.3-cm (0.4, 2.2 cm) taller, had
a 0.6-cm (0.4, 0.9 cm) greater head circumference, had a 0.26 (0.09,
0.43) greater height-for-age z score, and had a 0.20 (0.02, 0.39)
greater weight-for-age z score. The association for height differed
by offspring sex. Sons of women exposed to atole were 2.0-cm
(95% CI: 1.0, 3.1 cm) taller than the sons of women exposed to
fresco. Supplementation was not associated with 6 other offspring
anthropometric indicators that reflect measures of adiposity. Sup-
plementation in boys did not affect their children’s anthropometric
measures.
Conclusion: Nutritional supplementation in girls is associated with
substantial increases in their offsprings’ (more for sons) birth
weight, height, head circumference, height-for-age z score, and
weight-for-age z score. Am J Clin Nutr 2009;90:1372–9.

INTRODUCTION

Over 200 million children aged ,5 y in developing countries
are not reaching their developmental potential (1, 2). Small
newborn size and childhood stunting predict short stature, re-
duced lean body mass, less schooling, diminished intellectual
functioning, and reduced wage rates in adulthood (3–6). These
same factors may also affect the next generation through mul-
tiple pathways, including parental phenotype (particularly the
intrauterine environment), pelvic size, health and education of
the mothers, and possibly epigenetic channels (7–10).

Little high-quality evidence of nongenetic intergenerational
determinants of body size exists. Studies associating birth
weights across generations, for example, generally do not control
for intergenerationally correlated genetic endowments or family

background (11). Likewise, the positive intergenerational asso-
ciation in schooling is attenuated following appropriate control
for genetic, family, and community background factors (12–14).
Thus, the effect of improvements in child nutrition on next-
generation growth and development are not well understood.

We used quasi-experimental data from Guatemala to in-
vestigate the effect of early-life nutrition of women on 11 an-
thropometric indicators of their offspring under 12 y of age: birth
weight, height, weight, BMI, head and arm circumferences,
triceps and subscapular skinfold thicknesses, and height-for-age,
weight-for-age, and BMI-for-age z scores.

SUBJECTS AND METHODS

Study participants and procedures

Between 1969 and 1977, the Institute of Nutrition of Central
America and Panama (INCAP) undertook a study of the effect of
improved energy and protein intakes on the physical and mental
development of children from 4 villages of mixed Spanish-
Amerindian ethnic origin in El Progreso, Guatemala (15–17).
Two villages, one from each pair matched on population size,
were randomly assigned to receive nutritional supplements called
atole or fresco. Atole is a gruel-like drink made from Incaparina
(a vegetable protein mixture), dry skim milk, and sugar; it
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provided 6.4 g protein and 380 kJ (91 kcal) energy/100 mL.
Fresco contained no protein, and provided 138 kJ (33 kcal)/100
mL from sugar. From October 1971, both supplements were
fortified with micronutrients in equal concentrations by volume.
The supplements were available to all villagers twice daily
throughout the study at central locations in each village, but
records of attendance and consumption were kept only for
children younger than 7 y. INCAP also established and main-
tained medical services for each village. For children younger
than 7 y, participation (defined as any attendance) was between
65% and 85% and varied little by village or age (18). For
children younger than 3 y, daily attendance and the daily aver-
age volume of supplement consumed were higher in villages
assigned to atole than in those assigned to fresco (18), which
resulted in protein, energy, and micronutrient intakes from the
supplements being higher in atole villages (19). For children 4–7
y of age, the average volume of fresco ingested was greater than
the average volume of atole ingested, with the result that the
energy gap from supplementation was much less than for chil-
dren under 3 y of age, but still favored children in the atole
villages, and the micronutrient gap from supplementation was
reversed (18). The salient difference in intakes for children 4–7
y of age was in protein, favoring children in the atole villages
(18).

We have been following this cohort of children prospectively
(17). Between January 2006 and October 2007 we collected
information on the original sample members, their parents,
spouses, and children (20). The sampling frame for this survey
was developed based on the sample of 1090 living individuals
from the 1969–1977 study (hereafter referred to as original
sample members, 46% of original sample and 54% of those alive
in 2007) who 1) had been interviewed in our previous survey in
2002–2004 (21), 2) were living in or near one of the original
study villages or in Guatemala City or its suburbs, and 3) had
a biological parent living in the above locations. Of these
original sample members, 1009 (92.6%) were interviewed, of
whom 824 (436 women, 388 men) reported that they had 1400
living children younger than 12 y of age. We attempted to obtain
data on all spouses or partners, all children younger than 12 y of
age living in the same household as original sample members,
and children of original sample members who lived with a for-
mer spouse or partner. We successfully interviewed 558 (93.9%)
eligible original sample women, 436 of whom had children aged
0–12 y. The proportion lost to follow-up was similar between
mothers from the atole and the fresco villages. The distributions
for height-for-age z scores when the mothers were 6-y-old did
not differ between those included and those not included (Kol-
mogorov-Smirnov test for equality of distributions: P = 0.38
overall, 0.96 for those exposed to atole, and 0.24 for those ex-
posed to fresco). For our core analysis we included 791 bi-
ological children of 401 mothers who had been exposed to
supplementation for whom data on all 10 child anthropometric
indicators (excluding weight-for-age z scores for which the
standards are available only through 10 y of age) were available.
The analysis included 405 children of 200 mothers exposed to
atole and 386 children of 201 mothers exposed to fresco. gives
The relation between the original cohort of girls and the mothers
and children in this study is provided in Figure 1.

All adult participants provided informed consent, and parents
provided informed consent for their children. The study was

approved by the Institutional Review Boards of the International
Food Policy Research Institute and Emory University and Latin
Ethics, an Institutional Review Board located in Guatemala City.

Characterization of maternal supplement exposure and
type

The intervention started in March 1969 in the more populous
villages and in May 1969 in the less-populous villages. Sup-
plementation ended in February 1977. We classified the children
as born to mothers exposed to atole or fresco. The original study
enrolled all children under the age of 7 y at study launch in 1969
and newborns from birth until the study ended in 1977. We
defined “exposure to atole” as exposure to this supplement at
any age up to 15 y, but including some exposure when ,7 y. All
of the original sample members in the atole villages were ex-
posed (n = 200 women). We defined “exposure to fresco,” our
reference group, in a parallel manner (n = 201 women).

Child anthropometric outcomes

Birth weight was obtained by interviewing the mother. To
validate these data, we compared, for 244 children, birth weights
obtained from the interview and from an earlier prospective study
of birth weights in the 4 study villages (22). The 2 reports of birth
weight for the same children had a Pearson correlation coefficient
of 0.67. Height was measured to the nearest 0.1 cm, with the
subject barefoot and standing with their back to a stadiometer
(GPM, Zurich, Switzerland), for children older than 36mo of age.
Length was measured to the nearest 0.1 cm with a wood stadi-
ometer for children younger than 36 mo. Weight (kg) was
measured with a digital scale (model 1582; Tanita, Tokyo, Japan)
with a precision of 100 g. Head and arm circumferences (cm)
were measured to the nearest 0.1 cm with a plastic inextensible
measuring tape. Triceps and subscapular skinfold thicknesses
(mm) were measured with a Holtain skinfold caliper (Croswell,
Wales, United Kingdom). All measures were obtained in du-
plicate, and the means were used for analysis.

Paternal characteristics

Completed grade of schooling was self-reported. Height was
measured to the nearest 0.1 cm with the subjects barefoot and
standing with their back to a stadiometer (GPM).

Statistical analysis

We computed means and SDs for each of the key variables,
including raw data and z scores (which condition on age and
sex), for each of the 2 exposure groups and used t tests to test the
equality of the means. We computed intrafamily correlations for
internal z scores (which condition on age and sex).

We used linear regression to estimate the relation between
offspring anthropometric measures and maternal exposure to the
atole supplement using offspring of women exposed to the
fresco supplement as the reference. We controlled for offspring
sex, child’s date of birth (for birth weight estimates), a second-
order polynomial in child age (for measures other than birth
weight), and a linear term in mother’s date of birth to capture
cohort and period effects. In our basic specification, we did not
control for birth weight, maternal height, maternal schooling, or
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paternal height because these variables might be pathways
through which the nutritional supplements may have affected
the child outcomes. We calculated SEs that allow for clustering
at the mother level to account for intrafamily correlations and
heteroscedasticity of unknown form (23). We report parameter
estimates and 95% CIs. Significance was set at P , 0.05. We
used Stata version 10.1 (24) for data analysis.

RESULTS

Descriptive statistics for child outcomes and some maternal
characteristics disaggregated by maternal exposure are provided
in Table 1. This population showed evidence of linear growth
retardation, with a mean height-for-age z score [per World
Health Organization (25, 26) standards] of 21.20, and 20.1%
(n = 159) of the children stunted. The t tests indicate significant
differences between the means for offspring of mothers exposed

to atole and means for offspring of mothers exposed to fresco for
birth weight, head circumference, height-for-age z score, and
weight-for-age z score. The significance of the differences in z
scores for height and weight but not in the raw data for height
and weight may reflect the slightly higher age distribution for
those exposed to fresco than for those exposed to atole, for
which reason controlling for age is important. The intrafamily
correlations are significant for all child anthropometric indicators.

Maternal childhood exposure to atole in comparison with
exposure to fresco was associated with a 116-g (95% CI: 17, 215
g) higher birth weight, 1.3-cm (0.4, 2.2 cm) greater height, 0.6-
cm (0.4, 0.9 cm) greater head circumference, 0.26 (0.09, 0.43)
greater height-for-age z score, and 0.20 (0.02, 0.39) greater
weight-for-age z score (Table 2).

We tested for significant differences between associations for
male and female offspring (see Supplementary Table T2 B under
“Supplemental data” in the online issue). Only for height was

FIGURE 1. A, B: Tracking of the Intergenerational Study 2006–2007 sample (women only). Numbers in brackets reflect number of women from atole
villages. INCAP, Institute of Nutrition of Central America and Panama. aOf 992 living original women in 2006–2007, 285 lived outside the study area, 113
were ineligible because they did not complete the HCS 2002–04 and/or did not have an eligible parent, 589 were eligible because they completed the HCS
2002–04 and had an eligible parent, and 5 were ineligible as original members but sampled because the spouse was an eligible sample member. bRefers to
number of mothers of children aged 0–12 y with full information.
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there a difference, with a larger association for sons (P = 0.04).
We estimated the relations for the child anthropometric in-
dicators that were significantly associated with maternal child-
hood exposure to atole in Table 2, separately by offspring sex
(Table 3). Maternal childhood exposure to atole in comparison
with exposure to fresco was associated for sons with a 123-g
(95% CI:21.8, 248 g) greater birth weight, 2.0-cm (1.0, 3.1 cm)
greater height, 0.6-cm (0.2, 0.9 cm) greater head circumference,
and 0.38 (0.16, 0.59) greater height-for-age z score. Maternal
childhood exposure to atole in comparison with exposure to
fresco was associated for daughters with a 0.7-cm (0.4, 1.0 cm)
greater head circumference.

We assessed the robustness of our basic results in Table 2. We
found the following:

1) Paternal, instead of maternal, exposure to atole was not
associated with any of the 11 offspring measures (see
Supplementary Table T2a under “Supplemental data” in
the online issue).

2) The use of the Huber-White (27, 28) approach to estimate
SEs, which allows for heteroscedasticity of unknown form
but not for clustering, resulted in greater precision; therefore,
the precision of our basic estimates in Table 2 with cluster-
ing on mothers appears conservative (see Supplementary
Table T2b under “Supplemental data” in the online issue).

3) Adjustment for log maternal height and maternal school-
ing attainment reduced the magnitude and precision of the
estimate for birth weight, but did not change the other
estimated exposure associations substantially, although
one or both of these controls had significant coefficient
estimates for all of the child outcomes except for BMI

and BMI-for-age z score (see Supplementary Table T2c
under “Supplemental data” in the online issue).

4) Adjustment for log paternal height (because mothers who
were better nourished as children may have attracted taller
mates) reduced the precision somewhat particularly for
weight-for-age z score (P = 0.06) but did not change the
estimated exposure associations substantially even though
log paternal height had significant associations with child
height, head circumference, and height-for-age z score
(see Supplementary Table T2d under “Supplemental data”
in the online issue).

5) Adjustment for birth weight for the other 10 outcomes did
not change the exposure coefficients substantially, even
though birth weight had significant positive coefficient
estimates for 7 of the other child anthropometric out-
comes: height, weight, head circumference, arm circum-
ference, height-for-age z score, weight-for-age z score, and
BMI-for-age z score (see Supplementary Table T2e under
“Supplemental data” in the online issue).

6) The estimated associations declined with birth order for
height, height-for-age z score, and weight-for-age z score
but not for birth weight or head circumference (see Sup-
plementary Table T2f under “Supplemental data” in the
online issue).

7) Control for fixed effects by including a dichotomous vari-
able for the less-populous atole and fresco villages, consis-
tent with the original design emphasis on less- compared
with more-populous villages, did not change the pattern of
significant associations (see Supplementary Table T2g un-
der “Supplemental data” in the online issue).

TABLE 1

Children’s and mothers’ characteristics in the Intergenerational Transfers Study (Guatemala, 2006–2007), by type of supplementation received1

Mother exposed

to atole (n = 405)

Mother exposed

to fresco (n = 386)

P for equality of

means (atole 2 fresco)2
Intrafamily

correlation3

Offspring characteristics (n = 791)

Birth weight (g) 3311 6 529.64 3200 6 587.8 ,0.01 0.465

Height (cm) 114.0 6 20.3 113.5 6 21.3 0.75 0.425

Weight (kg) 22.8 6 9.8 22.7 6 9.7 0.94 0.405

BMI (kg/m2) 16.8 6 2.6 16.8 6 2.5 0.98 0.325

Head circumference (cm) 49.8 6 2.7 49.2 6 2.9 ,0.01 0.455

Arm circumference (cm) 17.9 6 2.8 18.0 6 3.0 0.84 0.365

Triceps skinfold thickness (mm) 9.8 6 3.4 9.7 6 3.7 0.63 0.385

Subscapular skinfold thickness (mm) 6.5 6 2.9 6.8 6 3.1 0.23 0.365

Height-for-age z score 21.1 6 1.0 21.3 6 1.0 ,0.01 0.425

Weight-for-age z score6 20.4 6 1.0 20.6 6 1.0 0.02 0.435

BMI-for-age z score 0.3 6 1.0 0.3 6 1.0 0.70 0.315

Male (%) 48.6 52.6 0.27

Age (mo) 84.1 6 37.8 86.4 6 39.8 0.41

Mothers’ characteristics (n = 401)

Current age (y) 35.5 6 3.7 35.7 6 4.5 0.71

Height (cm) 151.3 6 5.1 149.7 6 4.9 ,0.01

Completed grades of schooling 4.6 6 3.2 5.3 6 2.9 0.02

1 Mothers were supplemented as children in the 1969–1977 study; the offspring were aged 0–12 y in the 2006–2007 study.
2 Two-sample t test: null hypothesis is difference in means equals zero; alternative hypothesis is difference in means is different from zero.
3 One-factor ANOVA: offspring anthropometric measures in 2006–2007. Intrafamily correlation was calculated by using internal z scores (calculated

from the sample) for height, weight, BMI, head and arm circumferences, and triceps and subscapular skinfold thicknesses.
4 Mean 6 SD (all such values).
5 Significantly different from 0, P , 0.01.
6 Weight-for-age z score covers up to age 120 completed months; thus, numbers of children in the atole and fresco groups are 328 and 293, respectively.
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8) Adjustment for observed village characteristics related to
health (whether a doctor was present when the mother
was 2, 7, 12, and 15 y of age) and schooling (students/
teacher in primary school when mother was 7, 12, and 15
y of age) did not change the pattern of significant asso-
ciations substantially, although the coefficient of mater-
nal exposure to atole in the child-weight relation became
significant (see Supplementary Table T2h under “Supple-
mental data” in the online issue).

9) Use of the Donald-Lang (29) differences-in-difference
estimator based on the mother’s village birth-year means
(after conditioning out variables that vary at the individ-
ual level), which is robust with a small number of vil-
lages, did not change the magnitudes of the estimates
substantially, although only coefficients for height and
head circumference remained significant (see Supple-
mentary Table T2i under “Supplemental data” in the on-
line issue).

10) Conditioning on grandparental socioeconomic status in
1975 did not change the estimates substantively (see Sup-
plementary Table T2j under “Supplemental data” in the
online issue).

11) Conditioning on grandmother height did not change the
estimates substantially (see Supplementary Table T2k
under “Supplemental data” in the online issue).

12) A test of whether the associations for exposure differed
between those mothers exposed only when ,3 y of age,
those exposed completely from 0 to 3 y of age, those
exposed when ,3 y of age but not starting at birth,
and those exposed only when .3 y of age did not in-
dicate significant differences (see Supplementary Table
T2l under “Supplemental data” in the online issue).

13) Use of the maximum number of observations for each
offspring anthropometric indicator did not change the
estimated associations substantively (see Supplementary
Table T2m under “Supplemental data” in the online is-
sue).

14) Use of internal z scores (calculated from the sample) for
height, weight, BMI, head circumference, arm circumfer-
ence, and triceps and subscapular skinfold thicknesses
resulted in significant associations with height, weight,
and head circumference (see Supplementary Table T2n
under “Supplemental data” in the online issue).

15) Addition of offspring of women who received neither
supplement because they did not live in the 4 villages
during the supplementation period (but married men who
were exposed to the supplement) to the offspring of
women who received the supplements did not alter the
estimates of receiving atole or fresco substantively (see
Supplementary Table T2o under “Supplemental data” in
the online issue).

16) Control for attrition with the use of Fitzgerald, Gottschalk,
and Moffitt (30, 31) methodology did not change the esti-
mates substantially, although there was somewhat more
imprecision so that P . 0.05 for birth weight and
weight-for-age z score (see Supplementary Tables T2p
and T2q under “Supplemental data” in the online issue).

17) Exclusion of the 12-y-olds, who were most likely to be
peripubertal in our sample, to investigate whether the
differences in the height estimates by sex might beT
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related to sex differences in entering puberty did not
change the estimates substantially (see Supplementary
Table T3a under “Supplemental data” in the online
issue).

DISCUSSION

We report intergenerational associations of a nutritional
intervention in early childhood with mothers’ offspring’s an-
thropometric indicators. We found that maternal exposure to
a high-calorie and high-protein nutritional supplement (atole) in
comparison with maternal exposure to a low-calorie and no-
protein nutritional supplement (fresco) in the first 15 y of life,
but including some exposure in the first 7 y of life, had signif-
icant and substantial associations with offspring birth weight,
height, head circumference, and height-for-age and weight-for-
age z scores. Our results are robust to a wide range of sensitivity
tests, including alternative approaches to computation of SEs;
possible pathways for effects such as mother’s height and
schooling attainment, paternal height, children’s birth weight,
and children’s birth order; parental family background, in-
cluding socioeconomic status and grandmaternal height; use
of internal z scores; adjustment for village fixed effects for the
2 less-populous villages; adjustment for attrition; use of the
maximum number of available observations for each offspring
anthropometric indicator; and consideration of children born to
mothers of the same ages who were not exposed to the sup-
plement because they were not born or raised in the 4 villages.
These results suggest strong intergenerational associations with
birth weight, height, head circumference, height-for-age z score,
and weight-for-age z score for male and female offspring
combined. The results suggest significantly larger associations
for sons than for daughters for height. Separate estimates for
sons suggest significant associations for birth weight, height,
head circumference, and height-for-age z score. Separate esti-
mates for daughters suggest significant associations only for
head circumference.

One previous examination of aspects of associations between
maternal exposure to supplements and child size has been

conducted, which used data collected between 1996 and 1999 in
this same longitudinal study population (32). That study found
that children born to women who received atole were taller (age-
adjusted difference: 0.8 cm; 95% CI: 0.2, 1.4 cm) than were
children whose mothers received fresco (32). Several differences
in the model specifications and samples used across these 2
analyses were observed. The present study, in comparison with
the earlier study, has a larger sample of children (791 compared
with 263), larger sample of mothers (401 compared with 231),
a wider age range for children (0–12 y compared with 0–3 y),
a larger number of anthropometric offspring outcomes (11
compared with 1, height), and a wider set of robustness tests (eg,
alternative treatment of standard errors, adjustment for attrition,
inclusion of fixed effects for less-populous villages, aggregation
to birth-year/village cohorts, use of internal z scores, adjustment
for paternal height and child birth order, and alternative esti-
mates that include mothers not exposed to the supplements) but
fewer observations per child (one compared with multiple
measurements). Our results reinforced the basic result of that
previous study that, based on the original experimental design,
maternal supplementation with atole relative to fresco was as-
sociated with offspring linear growth. Our estimates differed
with regard to linear growth in that our estimates covered
a wider age range (0–12 y compared with 0–3 y), and our es-
timates more strongly indicated that male offspring alone were
the beneficiaries of these intergenerational associations (P =
0.04 in our case for heterogeneity by sex for child height
compared with P = 0.08 in the previous study). Our results also
suggest a wider range of associations, including with birth
weight, offspring head circumference, and weight-for-age z
score. Our birth weight results are noteworthy because of the
growing literature describing strong effects of birth weight over
the life cycle (3, 11, 33, 34). Our results further suggest that for
birth weight, height, and height-for-age z scores, the associations
were significant only for sons when offspring was considered
separately by sex, although for head circumference they were
significant for both sons and daughters.

The suggestion of stronger associations with anthropometric
indicators for sons than for daughters is intriguing. Sex-specific

TABLE 3

Association between maternal exposure to atole in comparison with fresco for mothers born between 1962 and 1977 in Guatemala and anthropometric

measures of male and female offspring in 2006–20071

Birth weight Height

Head

circumference

Height-for-age z

score

Weight-for-age z

score2

g cm cm

Boys (n = 400)

Maternal exposure to atole 123 2.04 0.56 0.38 0.21

95% CI 21.8, 248.3 0.97, 3.10 0.22, 0.90 0.16, 0.59 20.04, 0.45

P 0.05 0.01 0.01 0.01 0.10

Girls (n = 391)

Maternal exposure to atole 106 0.60 0.69 0.14 0.20

95% CI 223, 234.6 20.63, 1.84 0.35, 1.03 20.08, 0.37 20.05, 0.44

P 0.11 0.34 0.01 0.21 0.11

1 Mothers were supplemented as children in the 1969–1977 study; the offspring were aged 0–12 y in the 2006–2007 study. Exposure to atole, the more-

nutritious supplement, is a dummy variable that equals 1 for children born to mothers exposed to atole when aged ,15 y. Offspring of mothers exposed to

fresco, the less-nutritious supplement, constitutes the reference group. P values and 95% CIs were calculated allowing for clustering at the mother level.

Additional variables included but not reported are offspring sex, a second-order polynomial in child age, and a variable for mother’s date of birth.
2 Weight-for-age z score covers up to age 120 completed months; thus, n = 306 boys and 315 girls.
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associations of maternal nutrition with child growth have been
reported in the context of fetal programming, with boys being
more sensitive to nutritional insults (35, 36). On the other hand,
a review of intergenerational height relations finds that mother’s
height is no more closely associated with son’s height than with
daughter’s height (37). The relatively strong associations be-
tween mothers’ childhood nutrition and sons’ anthropometric
indicators may reflect that sons tend to have higher birth weights
than daughters (38, 39), so that maternal nutritional status is more
constraining for sons than for daughters. The data used in this
study indicate that the distribution of birth weights for sons was
significantly higher than that for daughters (2-sample Kolmo-
gorov-Smirnov test for equality of distributions: P = 0.01).

Our study had some limitations. In the original INCAP lon-
gitudinal study, the 4 villages, and not the individuals in the
original sample within them, were randomly assigned to either
atole or fresco supplementation. The small number of villages
does not provide enough power to estimate the effect of expo-
sure to atole or fresco at the village level. Thus, we used mother-
child pairs as the unit of analysis, although in alternative
estimates in which the results remained very similar we used
village-annual birth cohort means, village fixed effects for the 2
less-populous villages, and observed village characteristics re-
lated to health and schooling when the mothers were of different
ages. Thus, whereas it is possible that there may be other village
characteristics that are correlated with exposure to atole or
fresco for which we do not control for in our basic estimates, we
perceived that the probability of significant bias was small.

In our study, women were eligible to participate in the in-
tervention from the time their pregnancy was detected through
lactation. Other studies of maternal nutrition in pregnancy and
outcomes of the third generation (the children born to births of the
affected pregnancy) are limited. Data from the Dutch Famine
suggest inconsistent associations with birth weight (40–42), and
one recent report suggests that the third generation have increased
adiposity at birth (43), which suggests that maternal influences in
gestation may affect adiposity, unlike the postnatal supplemen-
tationweconsideredhere.Ourdatadonotpermitdifferentiationfor
the association between women who received postnatal supple-
mentation and those who received only prenatal supplementation.

The strengths of our study included the nutritional in-
tervention, which was proven to have increased nutrient intakes
and physical growth in children, the extended period of follow-
up, the investigation of many anthropometric outcomes for the
next generation, and the use of appropriate and robust statistical
methods with a range of alternative estimates.

Our results suggest that exposure to the nutritional supple-
ments for females, but not for males, had significant in-
tergenerational associations beyond previously documented
associations in their own lives. Our results also suggest that
exposure to the nutritional supplement had such associations for
exposure at ages .3 y and indeed up to 15 y, although including
some exposure when ,7 y of age, in contrast with studies
finding effects on own growth, education, and wage rates with
the same longitudinal study data that report associations only for
exposure ,3 y (4–6, 16, 19).

The difference between the results for maternal and paternal
exposure suggests some insights about the pathways through
which the effects occurred, which may have resulted because of
the greater reproductive fitness of women if additional energy is

directed toward improving the reproductive fitness of females but
the productive fitness of males (44–48). The differences may have
been due to better own-health care and better mothering because
of more-educated or more-healthy mothers and the sex spe-
cialization of females in child care (49, 50). However, the
pathway probably was not through greater income generated by
more education and better health, although income has been
emphasized as an important determinant of nutrition (51, 52)
because this pathway implies similar effects for females and
males. The differences probably did not result because of adding
shared knowledge that is pooled between mothers and fathers, as
has been suggested to be important in some contexts (53), be-
cause this pathway also implies similar effects for females and
males. The differences probably did not result through
strengthening the bargaining position in households of mothers
who have more interest in the nutritional development of their
children, although this possibility has been emphasized as being
important for investments in children (54, 55) because this
pathway implies opposite effects for females and males.

It will be of great interest in future research to better identify
the pathways through which nutritional supplementation in
mothers when young affects their offspring and to investigate
whether there are effects on other child outcomes, including other
anthropometric indicators, and why the associations were
stronger for male than for female offspring. Finally, our findings
underscore the importance of further investigations of the long-
term intergenerational effects of improving childhood nutrition
on their offspring in other settings.
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