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Objective: To assess the relationship between weight catch-up in infancy and achieved schooling at 18 years of age in Brazilian
males.
Subjects: All newborn infants in the city’s hospitals were enrolled in 1982; 78.8% (2250) of all male participants were located at
age 18 years when enrolling in the national army.
Results: According to the Brazilian school calendar, 18-year-olds should be attending the 11th grade, but school failure was very
common and 78.5% of all subjects had failed at least once. The average achieved schooling was 7.7 years (s.d.¼2.3). After
controlling for possible confounding variables, birthweight was positively associated with achieved schooling. With respect to
postnatal growth, weight gain in the first 20 months was associated with increased schooling. Among SGA infants who caught-
up in weight, achieved schooling was 1.3 higher. Data from a cross-sectional survey in the same population suggest that such a
difference corresponds to a 25% difference in adult income levels.
Conclusion: The study showed that early weight catch-up is associated with achieved schooling. The beneficial effects of early
weight gain should be balanced against its potential harms.
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Introduction

In low and middle-income countries, rapid growth in early

childhood has short-term benefits. Small for gestational age

(SGA) infants with accelerated growth in the first 20 months

of life have lower mortality and fewer hospital admissions

subsequently.(Victora et al., 2001) On the other hand, several

studies suggest that rapid growth might increase the risk of

coronary heart disease, hypertension and insulin resistance

(Eriksson and Forsen, 2002). In view of the conflicting

evidence, more studies are needed to assess the pros and cons

of rapid growth in infancy, to help quantify the so-called

catch-up dilemma (Victora and Barros, 2001).

Several studies from developing countries have reported an

association between malnutrition in infancy and motor

development, deficits in cognition or school performance in

later childhood or adolescence (Sigman et al., 1991; Mendez

and Adair, 1999; Ivanovic et al., 2000; Walker et al., 2000;

Cheung et al., 2001; Berkman et al., 2002; Daniels and Adair,

2004). However, there is scarce evidence on the effect of

rapid growth. Richards et al. (2002) reported that height gain

in early childhood and late adolescence was positively

associated with cognitive function at age 26. Li et al. (2004)

observed that growth in length and head circumference from

birth to 2 years of age—but not birth size or late postnatal

growth—was associated with women’s educational achieve-

ment. Height gain from birth to 9 years was also positively

associated with intelligence quotient score at age 11 years

(Pearce et al., 2005). Lundgren et al. (2001) observed that SGA

subjects who attained normal height at conscription pre-

sented a better intellectual and psychological performance
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than those SGA subjects who failed to reach normal adult

height. Geva et al. (2006) noticed that catch-up growth had a

positive impact on visuomotor functioning of SGA subjects.

Silva et al. (2006) also observed that head and somatic

(height and weight) postnatal growth were independently

associated with cognition at age 10. Among Filipino

children, increase in height-for-age z-score from birth to 2

years was inversely related with the risk of school failure

(Daniels and Adair, 2004).

Given the need for more evidence concerning the effect

of catch-up on schooling, we assessed the effect of weight

gain in infancy and adolescence on achieved schooling in a

cohort of adolescents males aged 18 years, who are being

followed up since birth in Pelotas, southern Brazil.

Methods

The study was carried out in Pelotas, a relatively developed

city in southern Brazil (current population 320 000), located

near the border with Uruguay and Argentina. The popula-

tion is mostly white, of Portuguese and Spanish background.

The infant mortality rate at the time of the study was 38 per

thousand live births.

In 1982, the three maternity hospitals in the city were

visited daily and all 5914 live births were included in the

study. These infants were examined and their mothers

interviewed. Birthweight was assessed with calibrated pedia-

tric scales. Gestational age was calculated according to the

recalled date of the mother’s last menstrual period. Children

whose birthweight was below the 10th centile for gestational

age and sex, according to the reference developed by

Williams et al. (1982) were classified as SGA.

In 1984 (mean age 20 months), a city-wide census was

conducted to locate children born in 1982, and 87% of the

cohort was located. Children were weighed using a portable

spring scale with an accuracy of 7100 g. A similar census was

repeated in 1986 (mean age 42 months), when 84% of all

cohort children were located.

In 2000, all males in the birth cohort who were still living

in Pelotas were required to undergo a medical examination

at the local Army Base, and were then invited to participate

in a separate examination for research purposes. They were

then invited to answer a research questionnaire that

included information on schooling. The outcome variable

was the highest school grade successfully completed by the

subject. This was treated as a continuous variable in the

analyses.

Those who were agreeable underwent the interview and

physical examination. Male adolescents who did not attend

the Army examination were sought at their last known

address and invited to attend an examination at a clinic.

Those who still failed to attend were visited at home.

Birthweight z-scores were computed using the Williams’s

reference (Williams et al., 1982). In the follow-up visits,

z-scores were calculated using age and sex-specific values

from the NCHS growth reference (Hamill et al., 1979).

Changes in z-score between birth and the follow-up visits

were calculated; these are hence referred to as ‘weight gain’.

Confounding variables collected in the early phases of

the study included monthly family income, maternal and

paternal education, household assets index (obtained

through factor analysis and based on the ownership of

household goods), (Filmer and Pritchett, 2001) social class

(based on an occupational classification of the head of the

household), birthweight (g), maternal smoking in pregnancy

(non-smokers, 0–14 or 15 or more cigarettes per day) and

number of siblings (in 1986). Information on ethnicity/skin

color was based on self-classification during the 2000

interview (white, mixed, black, Asian, native Brazilian).

Means were compared using analysis of variance. General

linear models were used to adjust for possible confounding

variables. To obtain the coefficients for the life plot analysis,

we used multiple linear regression.

The study was approved by the Ethical Review Board of the

Faculty of Medicine of the Federal University of Pelotas, and

written informed consent was obtained from participating

subjects.

Results

A total of 2250 subjects were interviewed at the age of 18

years. Added to the 143 cohort males known to have died,

they represented 78.8% of all live born boys. As reported

elsewhere, (Victora et al., 2003) losses to follow-up were more

frequent among the poorest (27%) and the richest (23%),

compared to 16% in the middle income group. There were

no clear trends in follow up rates relative to maternal

education, maternal ethnicity, birthweight or breastfeeding

duration.

The prevalence of low birthweight, preterm delivery and

intrauterine growth retardation were 5.9, 5.2 and 15.0%,

respectively. Mean weight for age z-scores were �0.23 and

�0.05 at mean age of 20 and 42 months, respectively.

(Table 1).

According to the Brazilian school calendar, 18-year-old

boys should have achieved at least 11 years of schooling.

However, school failure was very common and 78.5% of all

subjects had failed at least once. The average achieved

schooling was 7.7 (s.d.¼ 2.3), and about one quarter (25.7%)

of subjects were no longer attending school.

Table 2 shows that achieved schooling was lower among

low birthweight infants. Even after controlling for possible

confounding variables, achieved schooling was positively

associated with birthweight (P-value for linear trend¼0.01),

and schooling among low birthweight subjects was 0.5

grades lower than that observed among those whose birth-

weight was X4000 g. Similarly, birthweight for gestational

age z-score was also positively associated with achieved

schooling. Those infants whose birthweight was X2.33

standard deviations below the mean according to gestational
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age and sex had a mean schooling of 7.7 years (95%

confidence interval: 7.0–8.5), infants whose birthweight

was X1.28 above the mean attained in mean 8.2 years

(95% confidence interval: 7.9–8.6). On the other hand,

preterm birth was not associated with achieved schooling.

In the multivariate analysis, anthropometric variables

were included in a stepwise fashion, according to when they

were measured. Table 3 shows that an increment of one

z-score in birthweight increased achieved schooling in 0.275

years (95% confidence interval: 0.166–0.384). When weight

at 20 months was added to the model, the effect of

birthweight was reduced and became no longer significant,

whereas weight at 20 months presented a direct association

with schooling. The effect of weight at 20 months decreased

after inclusion of weight at 42 months, but was still

statistically significant. However, after controlling for

possible confounding variables (model 4), only weight at

20 months continued to show a positive association with

achieved schooling.

Figure 1 presents the regression coefficients of achieved

schooling on weight at the three different ages (model 4

from Table 3), confirming that fast weight gain in the first

2 years of life is positively associated with schooling. The

slightly negative coefficient at birth (�0.009) compared with

the positive coefficient at 20 months (0.169) shows that early

weight gain has a positive effect on achieved schooling.

Because the coefficient at 42 months was similar to that at 20

months, weight gain between 20 and 42 months had no

effect on schooling.

The effect of early weight gain on achieved schooling was

estimated in a multiple linear regression model that included

change in z-score from birth to 20 months, birthweight

z-score and the confounding variables. By increasing one

z-score from birth to mean age 20 months, achieved

schooling increased by 0.258 (0.166–0.350; P¼o0.001)

years. Similar analyses showed that one z-score of weight

gain from 20 to 42 months, after adjustment, was associated

with a change of 0.075 (�0.056 to 0.206; P¼0.26), confirm-

ing that weight gain from 20 to 42 months was not

associated with achieved schooling.

Figure 2 shows the effect of weigh gain from birth to 20

months, stratified by tertiles of birthweight for gestational

Table 3 Change in schooling (years) associated with a one z-score
increase in birth weight and weight for age z-scores at the mean ages of
20 months (1984) and 42 months (1986)

Model Multiple linear
equation

Regression coefficient and 95%
confidence interval for years of

schooling in 2000 (age 18 years)

1 Birthweight z-score 1982 0.275 (0.166–0.384)
2 Birthweight z-score 1982 0.022 (�0.095 to 0.139)

Weight for age z-score 1984 0.548 (0.441–0.655)
3 Birthweight z-score 1982 0.023 (�0.093 to 0.140)

Weight for age z-score 1984 0.315 (0.138–0.492)
Weight for age z-score 1986 0.277 (0.110–0.445)

4a Birthweight z-score 1982 �0.009 (�0.113 to 0.093)
Weight for age z-score 1984 0.169 (0.014 to 0.324)
Weight for age z-score 1986 0.106 (�0.041 to 0.253)

aControlling for household assets, family income, parental schooling at birth,

maternal smoking during pregnancy, breastfeeding duration and skin color.

Table 1 Distribution of sample according to key characteristics

Sample characteristics N

At birth
Birthweight (g)a 2250 3294.0 (521.5)
Low birthweight (%) 2250 5.9%
Preterm birth (%) 1821 5.2%
Small for gestational age (%) 1822 15.0%
1984 follow-up visit
Weight for age z-scores

o�2 102 4.9
�2 to �1.01 412 19.9
�1 to 0.99 1260 61.0
X1 293 14.2

Mean and standard deviation 2067 �0.23 (1.15)

1986 follow-up visit
Weight for age z-scores

o�2 50 2.5
�2 to �1.01 321 15.8
�1 to 0.99 1354 66.7
X1 306 15.1

Mean and standard deviation 2031 �0.05 (1.15)

aMean (standard deviation).

Table 2 Mean and 95% confidence limits for highest grade completed
at school by 18-year-old males, according to birthweight, gestational age
and intrauterine growth retardation

Schooling in years (95% confidence interval) N

Crude a Adjusted b

Birthweight (grams) Po0.001z P¼0.01z
o2500 7.0 (6.6–7.4) 7.5 (7.1–7.8) 128
2500–2999 7.5 (7.3–7.7) 7.8 (7.6–8.1) 444
3000–3499 7.7 (7.5–7.8) 7.9 (7.7–8.1) 848
3500–3999 7.9 (7.7–8.1) 8.0 (7.8–8.2) 623
X4000 8.0 (7.7–8.4) 8.0 (7.7–8.4) 179

Preterm delivery P¼0.06w P¼0.19w
Yes 7.4 (6.9–7.9) 7.7 (7.3–8.1) 94
No 7.9 (7.8–8.0) 7.9 (7.8–8.1) 1708

Birthweight for
gestational age z-score

Po0.001z P¼0.02z

o�2.33 7.1 (6.4–7.9) 7.7 (7.0–8.5) 28
�2.33 to 1.28 7.3 (7.1–7.6) 7.9 (7.6–8.1) 240
�1.27 to 0 7.8 (7.6–7.9) 8.0 (7.8–8.2) 787
0 to 1.27 8.0 (7.9–8.2) 8.1 (7.9–8.3) 629
41.27 8.4 (8.0–8.8) 8.2 (7.9–8.6) 118

Total 2222

aAnalysis of variance.
bGeneral linear model (factorial); estimates adjusted for household assets,

family income, parental schooling at birth, maternal smoking during

pregnancy and skin color.

wTest for heterogeneity.

zTest for linear trend.
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age. Children whose change in z-score was in the third tertile

were considered as presenting rapid weight gain, and those

in the first tertile were classified as presenting slow weight

gain. The highest mean schooling was observed among those

infants whose birthweight was at or above the 90th centile

(1.28 or more standard deviations above the mean) and

presented rapid weigh gain from birth to 20 months (9.1

years (95% confidence interval: 7.9–10.2)). On the other

extreme, SGA infants (birthweight z-score p�1.28 s.d. or

10th centile) who presented slow weight gain from birth to

20 months had the lowest achieved schooling (6.8 years

(95% confidence interval: 5.9–7.8)). Mean achieved schooling

among SGA infants who presented rapid weight gain (catch-

up) was 8.2 years (95% confidence interval: 7.8–8.5), being

equal to that of children who were large at birth but

presented slow weight gain (catch-down).

Among children who presented average or rapid weight

gain, achieved schooling increased linearly with birthweight

for gestational age and this association was not modified by

socioeconomic status in childhood. There is a suggestion,

that a linear association may not be present for infants who

showed slow weight gain in early childhood (Figure 2), but a

test for interaction between birthweight for gestational age

and growth velocity was not significant (P¼0.33).

Discussion

At 18 years of age, among male subjects, birthweight for

gestational age z-score was positively associated with school

achievement, but a stronger effect was found for early weight

gain, from birth to 20 months. On the other hand, weight

gain from 20 to 42 months did not have an effect.
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The association between fetal growth and achieved

schooling or cognitive ability has been reported in previous

studies (Cheung et al., 2001; Shenkin et al., 2004; Corbett

et al., 2007) and persisted even after adjusting for socio-

economic variables. Our findings of a stronger effect of early

weight gain are biologically plausible. Growth velocity of the

human brain is higher in the postnatal period than in

intrauterine period, and the growth is particularly rapid in

the first 6 months of life (Dobbing and Sands, 1979). Indeed,

Gale et al. (2004) reported that brain growth during early

childhood was more important than intrauterine growth

in determining cognitive function at 9 years of age. On the

other hand, Richards et al. (2002) assessed the effect of

growth at different ages and observed that height gain from

2 to 4 years was associated with cognition at age 8, whereas

height gain from birth to 2 years did not present such an

association.

The effect of weight gain in childhood on achieved

schooling was not due to an association between early

growth and behavior (smoking, alcohol intake) and morbidity

at adolescence because the effect of early weight gain was

not modified by the control for these variables; the

regression coefficients for birthweight and weight for age

z-score in 1984 changed from �0.009 (95% confidence

interval: �0.113 to 0.093) and 0.169 (confidence interval:

0.014–0.324) to 0.002 (confidence interval: �0.100 to 0.103)

and 0.208 (confidence interval: 0.056–0.360), respectively.

Among SGA infants, early weight gain was able to help

these infants to partially overcome the negative effect of

intrauterine growth restriction, and achieved schooling was

similar to those infants whose birthweight z-score was

between �1.27 and þ1.27 s.d. Furthermore, among SGA

infants, weight gain in early childhood was associated with

an increase of 1.3 grades, as compared to SGA infants who

presented slow weight gain. Based on data from a previous

study (Hallal et al., 2003), we estimated the effect of

increasing number of years of schooling on income; each

additional grade of achieved schooling was associated with

an increase of R$131. Among SGA infants, the difference in

income associated with catch-up growth would be R$170, or

about 25% of the average income level of R$691.

Some limitations may have affected our results. It was not

possible to locate approximately 21% of the target popula-

tion. However, the proportions of children with rapid weight

gain were similar among those who were located at age 18

years and those who were lost to follow-up (27.4 and 25.8%,

respectively). It is therefore unlikely that the above results

have been affected by selection bias. Other studies have

assessed the effect of linear growth on intellectual perfor-

mance (Lundgren et al., 2001; Pearce et al, 2005). Unfortu-

nately, we were not able to assess the effect of linear growth,

as information on birth length was not gathered during the

perinatal study.

In order to prevent confounding by socioeconomic status,

we included several socioeconomic variables, reflecting

different aspects of the social and home environment. These

variables were prospectively measured in early childhood,

thus avoiding recall bias and misclassification. Correlation

coefficients between socioeconomic variables and weight for

age at 2 and 4 years were similar. Therefore, the greater effect

of early weight gain, relative to later weight gain on

schooling levels cannot be due to residual confounding by

socioeconomic factors.

The positive effect of weight gain on achieved schooling

could be due to paternal attention and care, since parental

care is associated with growth and mental development in

childhood (Krugman and Dubowitz, 2003). As, we have not

measured the attention or stimulation that the subjects

received in childhood, we were not able to control for this

variable.

Previous analyses of our cohort data show that weight

catch-up in early infancy has short-term benefits on

morbidity and mortality, (Victora et al., 2001) but on the

other hand is associated with higher blood pressure (Horta

et al., 2003) and overweight (Monteiro et al., 2003) in

adolescence, a finding confirmed by other studies (Monteiro

and Victora, 2005). We now provide evidence of another

beneficial effect of early weight catch-up, this time on school

achievement. There is a clear need for more research to

quantify the advantages and disadvantages of rapid growth

in infancy to help solve the ‘the catch up dilemma’ (Victora

and Barros, 2001).
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