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Abstract

The aim of this study was to evaluate the asso-
ciation between size at birth (birthweight and 
birth length) and height in early adolescence in 
a prospective birth cohort study in Pelotas, Rio 
Grande do Sul, Brazil. Interviews were carried out 
in 1993, including measurements of birthweight 
and length, and in 2004-2005, including mea-
surements of weight and height. This analysis 
includes 4,452 individuals, with a mean age of 
11.3 years (standard deviation – SD = 0.3), rep-
resenting a follow-up rate of 87.5%. Mean height 
at 11 years was 145.8 cm (SD = 7.9), or 144.9 cm 
(SD = 7.7) in boys and 146.8 cm (SD = 7.9) in girls. 
Birthweight and birth length were positively as-
sociated with height in early adolescence in the 
crude analysis, but after adjustment for con-
founding and for each other, only the effect of 
birth length was still significant. A one z-score in-
crease in birth length was associated with a 1.63 
cm increase in height at 11 years. The present 
study shows that birth length is a strong predic-
tor of later height, while the effect of birth weight 
disappears after adjustment for birth length.

Body Height; Birth Weight; Gestational Age; Pro-
spective Studies; Longitudinal Studies

Introduction

The evidence linking nutritional status to subse-
quent risk of morbidity and mortality at all ages 
is well-established 1,2. Evaluating the nutritional 
status of children and adolescents is particular-
ly relevant, given the possibility of carrying out 
early interventions against under- or over-nutri-
tion, both of which are important public health 
problems 3. Studies on the epidemiology of nutri-
tional status have focused much more attention 
on weight and body mass index than on height. 
However, height alone has been associated with 
several outcomes and all-cause mortality 4. Par-
ticularly in terms of respiratory and coronary 
heart disease, shorter subjects are more likely to 
die prematurely than taller ones 5,6.

Prevalence of stunting in Brazilian chil-
dren is still relatively high 7, although marked 
declines have been observed for wasting and 
underweight 8,9. Studying linear growth among 
children may provide clues on the persistence 
of adverse conditions limiting the achievement 
of biological growth potential 10,11. Size at birth 
reflects intrauterine growth, and it has been sug-
gested that it may affect later height 12. In addi-
tion, post-natal growth has also been related to 
attained size 13,14.

Relatively few studies have explored the 
effects of early size on height in later life. In 
Brazil, Drachler et al. 10 reported a positive asso-
ciation between birthweight and stature at 12-59 
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months. In a Polish study 11, birthweight for ges-
tational age was positively associated with height 
at 14 years. In a study of Danish adults, Sorensen 
et al. 12 found that although both birthweight 
and birth length presented a crude positive as-
sociation with adult height, after adjustment for 
each other, the effect of birth length was much 
stronger.

In this paper, we evaluate the association be-
tween size at birth (birthweight and birth length) 
and height in early adolescence in a cohort of 
over 4,000 Brazilian children followed prospec-
tively since birth.

Materials and methods

Pelotas is a city with 323,000 inhabitants located 
in the extreme South of Brazil; 93% living in ur-
ban areas. In 1993, all hospitals were monitored 
daily, and mothers of all newborns were invited 
to join a prospective study (more than 99% of all 
deliveries in the city in 1993 took place in these 
hospitals) 15. Mothers were interviewed shortly 
after delivery on demographic, socioeconomic, 
and health-related variables. Newborns were 
weighed by the study team with pediatric scales 
accurate to 10g, and were measured with stadiom-
eters accurate to 1mm. Gestational age in weeks 
was estimated based on physical examination 
using the Dubowitz method 16. Birthweight and 
birth length were converted into z-scores using 
the Centers for Disease Control and Prevention 
(CDC) reference curve 17 (other available curves 
start at 48cm four birth length, and would have 
excluded almost a fourth of our sample). Chil-
dren were classified as having small (SGA) or ad-
equate (AGA) birthweight for gestational age ac-
cording to the 10th centile of Kramer references 18.

In 2004-2005, a search was conducted for all 
the cohort members using two citywide census-
es. The approximately 100 schools and all 100,000 
households in the city were visited in order to 
help locate subjects born in 1993. Those identi-
fied were linked to the cohort database. Individu-
als who had not been identified through these 
strategies (approximately 15% of the cohort 
members) were searched for in their previously 
available addresses and by asking other cohort 
children. Deaths between 1993 and 2005 were 
monitored. Further details of the strategies used 
to trace cohort members have been described 
elsewhere 19. Height at 11 years was measured in 
the homes using a portable stadiometer accurate 
to 1mm. Weight was measured with an electron-
ic scale (SECA, Australia), accurate to 100g. For 
girls, age at menarche was investigated through 
maternal recall.

Interviewers in the 2004-2005 visit were 
trained for two weeks in the application of a stan-
dardized and pre-tested questionnaire, and in the 
measurement of weight and height. Standardiza-
tion sessions were carried out before the start of 
data collection and every month during the field-
work. Reported measurement errors from the 
National Center for Health Statistics (NCHS) 20 
were used as the maximum acceptable limits in 
these standardization sessions. Approximately 
10% of the interviewees were re-visited by a field 
supervisor one or two weeks after the original 
interview, and a short version of the entire ques-
tionnaire was applied for quality control.

Double data entry was carried out in all phas-
es of the birth cohort study. Descriptive analyses 
included calculation of means and standard de-
viations for quantitative variables, and propor-
tions and 95% confidence intervals (95%CI) for 
categorical outcomes. Mean height at 11 years 
was included as the outcome in simple linear re-
gression models, using continuous birthweight 
and birth length as independent variables. Pear-
son correlation coefficients between height at 11 
years and independent variables were also calcu-
lated. Analyses were stratified according to birth-
weight for gestational age. In the multivariate 
analyses, multiple linear regression models were 
used. Confounding variables included in the 
analyses were maternal weight and height at the 
beginning of the pregnancy, family income, ma-
ternal smoking during pregnancy, parity, mater-
nal schooling, maternal age, and child’s sex. The 
outcome variable (height at 11 years) presented 
normal distribution, as did birth weight and 
length, expressed as continuous variables. Lin-
ear regressions assumptions – normal distribu-
tion of the residuals, linear association between 
outcome and exposures and homogeneity of the 
variance – were confirmed by visual inspection 
of the graphs.

The Ethics Committee of the Medical School 
at the Universidade Federal de Pelotas [Federal 
University in Pelotas], affiliated with the National 
Research Council, gave ethical approval for all 
phases of the 1993 Pelotas Birth Cohort Study. 
Written informed consent was obtained from the 
mothers or guardians of the cohort members.

Results

There were 5,265 live births in Pelotas in 1993. 
Of these, 5,249 were enrolled in our birth co-
hort study. In 2004-2005, 4,452 cohort members 
were traced. Added to the 141 subjects who are 
known to have died, they represent a follow-up 
rate of 87.5%. Mean age in the 2004-2005 fol-
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low-up visit was 11.3 (SD = 0.3) years. Subjects 
located in 2004-2005 had a mean birth length 
of 48.8cm (SD = 2.3), while those who were lost 
to follow-up had a mean of 48.5cm (SD = 2.8; 
p = 0.002). Mean birthweight values were, respec-
tively 3,175g (SD = 522) and 3,050g (SD = 676; 
p < 0.001). Nearly a fourth (23.5%) of those located 
were small for gestational age. At 11 years, mean 
height was 145.8cm (SD = 7.9) in the whole sam-
ple, with 144.9cm (SD = 7.7) for boys and 146.8cm 
(SD = 7.9) for girls.

Table 1 describes the sample visited at 11 
years in terms of perinatal and current vari-
ables. The results are stratified by birthweight 
for gestational age (small or adequate). Small 
for gestational age was significantly associated 
(p < 0.05) with low income, poor maternal educa-
tion, young maternal age, smoking during preg-
nancy, and lower maternal weight and height. 
AGA children were 3.4kg heavier and 3.3cm taller 
than those born SGA.

The Pearson correlation coefficient was calcu-
lated between perinatal (birthweight and length) 
and current (weight and height) anthropometric 
variables. All correlations were positive and sig-
nificant (all p values < 0.001). Current height pre-
sented a 0.24 correlation with birthweight, 0.25 
with birth length, and 0.70 with current weight. 
Birthweight and birth length presented a correla-
tion of 0.76.

Table 2 shows that height at 11 years was pos-
itively associated with both birthweight and birth 
length. Comparing the extreme groups of birth-
weight, a difference of 9.0cm in terms of height 
at 11 years was detected. In terms of birth length, 
the equivalent difference was 7.3cm.

Figure 1 shows two separate regression mod-
els using height at 11 years as the outcome and 
birthweight as the independent variable: one for 
SGA and another for AGA children The associa-
tion between height and birthweight was posi-
tive in both groups, and apparently stronger for 
AGA than for SGA children. However, the p value 
for interaction was 0.56. Figure 2 shows the same 
analyses for birth length. Again, a direct associa-
tion was observed in both groups, but it was sig-
nificantly stronger for AGA children (p for inter-
action equal to 0.001).

Table 3 presents results of the crude and mul-
tivariable analyses. Birthweight and birth length 
(z-scores) were treated as continuous variables. 
The crude positive effect of birthweight on height 
at 11 years became smaller but remained statisti-
cally significant after adjustment for confound-
ing perinatal variables (model 1). This associa-
tion was no longer significant after inclusion of 
birth length in the model. In terms of birth length, 
positive associations were found regardless of the 

model, although the magnitude of the associa-
tion was slightly reduced after adjusting for con-
founders. These results were consistent for AGA 
and SGA children, although the magnitude of the 
association between birth length and height at 
11 years was twice as high in AGA children. Based 
on model 2 results, a one z-score increase in birth 
length is associated with a 1.63cm increase in 
height at 11 years (2.07cm for AGA and 1.15cm 
for SGA children).

Because pubertal stage is associated both with 
birth size 21 and with height in early adolescence, 
we tested whether the association between birth 
length and height persisted after adjustment for 
age at menarche. The unadjusted regression co-
efficient was 0.84 (95%CI: 0.70; 0.99). After ad-
justment for age at menarche, it was virtually 
unchanged (regression coefficient 0.84, 95%CI: 
0.71; 0.97).

Discussion

A positive association between birth length and 
height in early adolescence was found in this 
prospective birth cohort study including almost 
4,500 Brazilian adolescents. A similar effect was 
observed for birthweight in the crude analysis, 
but adjustment for birth length removed the 
effect of birthweight on height in early adoles-
cence. Sorensen et al. observed similar results in 
a study of Danish adults 12, in which both birth 
length and weight presented positive associa-
tions with later height, but after adjustment for 
one another, the effect of length was much more 
marked than that of weight.

Koziel & Jankowska 11 observed an effect of 
birthweight on height at 14 years, but no adjust-
ment was made for birth length. Their findings 
are similar to our crude results. Also consistent 
with our results is their finding that SGA children 
presented lower height in adolescence than AGA 
children. In a Brazilian study of children aged 12-
59 months, Drachler et al. 10 reported that birth-
weight was a strong predictor of stature, but this 
finding is not directly comparable to ours due 
to different age range and lack of adjustment for 
birth length. In short, our analyses are consis-
tent with studies conducted in different settings, 
showing a crude association between height and 
both birth weight and length, and also suggesting 
a stronger role for birth length. A previous Brazil-
ian study using data from the Ribeirão Preto co-
hort 22 also showed that the effect of birth length 
on later height is stronger than the effect of birth 
weight.

An interesting finding of our study, that we 
were unable to find in the published literature, 
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Table 1

Description of the sample visited in 2004-2005 according to perinatal and current variables, stratifi ed by birthweight for gestational age.

 Variables Overall AGA SGA

  n (%) n (%) n (%)

 Sex   

  Male 2,166 (48.7) 1,503 (49.3) 441 (47.1)

  Female 2,285 (51.3) 1,543 (50.7) 496 (52.9)

 Family income in 1993 (minimum wages) *   

  ≤ 1.0 814 (18.3) 503 (16.5) 197 (21.0)

  1.1-3.0 1,932 (43.4) 1,265 (41.5) 437 (46.6)

  3.1-6.0 1,052 (23.6) 765 (25.1) 201 (21.5)

  6.1-10.0 339 (7.6) 257 (8.4) 59 (6.3)

  > 10.0 315 (7.1) 256 (8.4) 43 (4.6)

 Maternal schooling in 1993 (years) *

  0 105 (2.4) 59 (1.9) 11 (1.2)

  1-4 1,132 (25.4) 708 (23.2)  278 (29.7)

  5-8 2,126 (47.8) 1,449 (47.6) 456 (48.8)

  ≥ 9 1,086 (24.4) 830 (27.3) 190 (20.3)

 Maternal age at delivery (years) *   

  < 20 779 (17.5) 488 (16.0) 200 (21.3)

  20-34 3,180 (71.4) 2,199 (72.2) 649 (69.3)

  ≥ 35 492 (11.1) 359 (11.8) 88 (9.4)

 Maternal smoking during pregnancy *   

  No 2,960 (66.5) 2,140 (70.3) 531 (56.7)

  Yes 1,492 (33.5) 906 (29.7) 406 (43.3)

 Maternal weight (kg) *   

  < 60 2,709 (62.0) 11,745 (57.9) 675 (73.1)

  ≥ 60 1,663 (38.0) 1,271 (42.1) 248 (26.9)

 Maternal height (cm) *   

  < 160 2,110 (47.8) 1,304 (43.0) 535 (57.8)

  ≥ 160 2,308 (52.2) 1,726 (57.0) 390 (42.2)

 Birthweight (g) *   

  < 1,500 13 (0.3) 2 (0.1) 8 (0.9)

  1,500-2,499 386 (8.7) 105 (3.5) 210 (22.4)

  2,500-3,499 2,866 (64.5) 1,862 (61.1) 719 (76.7)

  3,500-4,499 1,141 (25.7) 1,039 (34.1) 0 (0.0)

  ≥ 4,500 39 (0.8) 38 (1.3) 0 (0.0)

 Birth length (cm) *   

  < 45.0 168 (3.8) 62 (2.1) 76 (8.2)

  45.0-46.9 480 (10.9) 195 (6.5) 219 (23.6)

  47.0-48.9 1,236 (28.0) 690 (22.8) 407 (43.9)

  49.0-50.0 1,676 (38.0) 1,309 (43.3) 208 (22.4)

  ≥ 51 851 (19.3) 769 (25.4) 17 (1.8)

 Weight at 10-12 years (kg) *   

  < 30 624 (14.1) 339 (11.2) 202 (21.6)

  30-39.9 1,997 (45.0) 1,327 (43.7) 444 (47.4)

  40-49.9 1,140 (25.7) 845 (27.8) 187 (20.0)

  ≥ 50 681 (15.3) 529 (17.4) 103 (11.0)

 Height at 10-12 years (cm) *   

  < 140 1,005 (22.6) 556 (18.3) 308 (32.9)

  140-149.9 2,094 (47.1) 1,458 (48.0) 424 (45.3)

  150-159.9 1,168 (26.3) 871 (28.7) 189 (20.2)

  ≥ 160 175 (3.9) 155 (5.1) 15 (1.6)

AGA: adequate for gestational age; SGA: small for gestational age.

* Differences signifi cant at the 0.05 level.
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Table 2

Mean (standard deviation – SD) height at 11 years according to birthweight and birth length categories.

 Variable Mean (SD) height at 10-12 years (cm) p

 Birthweight (g)  < 0.001

  < 1,500 141.0 (6.3) 

  1,500-2,499 142.6 (8.3) 

  2,500-3,499 145.3 (7.7) 

  3,500-4,499 148.2 (7.5) 

  ≥ 4,500 150.0 (8.5) 

 Birth length (cm)  < 0.001

  < 45.0 142.2 (8.0) 

  45.0-46.9 143.5 (7.5) 

  47.0-48.9 144.3 (7.6) 

  49.0-50.0 146.2 (7.5) 

  ≥ 51 149.5 (7.7) 

Figure 1

Linear regression between birthweight and height at 11 years among small (SGA) and adequate for gestational age (AGA) 

children.

p value for interaction = 0.56.

was documentation of a stronger effect of size at 
birth on later height among AGA than SGA chil-
dren. One may speculate whether the adverse so-
cial and environmental conditions faced by SGA 
children – both in utero and probably persisting 
after birth – may somehow contribute to weaken-
ing the expected association between birth size 
and later height. Data from Table 1 confirm that 
SGA and AGA children differ in various aspects: 
mothers are poorer, younger, less educated, more 

likely to smoke during pregnancy, shorter, and 
thinner. Family income is also lower among SGA 
children in comparison to AGA ones.

The study limitations include not being able 
to trace 12% of the original sample and lack of 
information on paternal height, a variable that 
was difficult to collect because many of the fa-
thers were not available during the interview. 
The overall follow-up rate (87.5%) can be con-
sidered excellent in comparison to other cohort 
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Figure 2

Linear regression between birthweight and height at 11 years among small (SGA) and adequate for gestational age (AGA) 

children.

p value for interaction < 0.001.

Table 3

Effect of perinatal variables on height at 11 years; crude and multivariable analysis.

 Variable Linear regression coefficients (95%CI)

 Crude analysis Model 1 Model 2

 All children

  Birthweight (z-score) 2.06 (1.82; 2.29) 1.42 (1.18; 1.65) 0.25 (-0.10; 0.60)

   p < 0.001 p < 0.001 p = 0.16

  Birth length (z-score) 2.40 (2.15; 2.67) 1.81 (1.57; 2.06) 1.63 (1.27; 1.99)

   p < 0.001 p < 0.001 p < 0.001

 AGA children

  Birthweight (z-score) 1.84 (1.53; 2.16) 1.31 (1.00; 1.62) -0.04 (-0.47; 0.40)

   p < 0.001 p < 0.001 p = 0.87

  Birth length (z-score) 2.51 (2.18; 2.84) 2.04 (1.72; 2.37) 2.07 (1.62; 2.51)

   p < 0.001  p < 0.001 p < 0.001

 SGA children

  Birthweight (z-score) 1.56 (0.60; 2.51) 1.14 (0.22; 2.07) -0.33 (-1.65; 0.99)

   p = 0.001 p = 0.02 p = 0.63

  Birth length (z-score) 1.31 (0.68; 1.94) 1.02 (0.41; 1.62) 1.15 (0.33; 1.97)

   p < 0.001 p < 0.001 p = 0.006

Model 1: adjusted for maternal weight and height at the beginning of the pregnancy, family income, maternal smoking during 

pregnancy, parity, maternal schooling, maternal age, and child’s sex; model 2: adjusted for model 1 variables plus perinatal 

anthropometric variables (birthweight adjusted for birth length and vice-versa); AGA: adequate for gestational age; SGA: small 

for gestational age.
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studies that also need to actively search for par-
ticipants. Although mean birth weight and length 
were significantly different between those traced 
at 11 years and those not traced, the magnitude 
of the differences is not large. Maternal height 
was measured, and its inclusion in the analyses 
helps to at least partially adjust for the effect of 
genetic conditions on adolescent height 23. An 
important variable to adjust for is pubertal stage. 
Among girls, we were able to collect data on age 

at menarche, and our results did not change after 
adjusting for this variable. Therefore, we do not 
believe our findings are confounded by pubertal 
stage.

Birth length has received considerably less 
attention than birthweight in the literature, pos-
sibly because it is measured less often, and – even 
when it is – more difficult to assess precisely. Fur-
ther studies are required comparing the long-
term consequences of being short at birth.

Resumo

O objetivo deste estudo foi avaliar a associação entre 
o tamanho ao nascer (peso e comprimento) e altura 
no início da adolescência em uma coorte de nasci-
mentos prospectiva em Pelotas, Rio Grande do Sul, 
Brasil. Entrevistas foram conduzidas em 1993, in-
cluindo mensuração de peso e comprimento ao nas-
cer, e em 2004-2005, incluindo mensuração de peso e 
altura. Esta análise inclui 4.452 indivíduos com idade 
média de 11,3 anos (DP = 0,3), representando uma ta-
xa de acompanhamento de 87,5%. A média de altura 
aos 11 anos foi de 145,8cm (DP = 7,9), sendo 144,9cm 
(DP = 7,7) entre os meninos e 146,8cm (DP = 7,9) en-
tre as meninas. O peso e o comprimento ao nascer as-
sociaram-se positivamente com a altura no início da 
adolescência na análise bruta, mas após ajuste para 
fatores de confusão e um para o outro, apenas o efeito 
do comprimento continuou significativo. Um aumen-
to de um escore-z no comprimento ao nascer esteve as-
sociado com um aumento de 1,63cm na altura aos 11 
anos. O estudo mostra que o comprimento ao nascer é 
um forte preditor da altura futura, enquanto o efeito 
do peso ao nascer desaparece após ajuste para o com-
primento ao nascer.

Estatura; Peso ao Nascer; Idade Gestacional; Estudos 
Prospectivos; Estudos Longitudinais
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