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Growth from birth to adulthood and abdominal
obesity in a Brazilian birth cohort
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Background: Rapid weight gain in childhood may increase the risk of chronic adult diseases. Few studies have examined the
effects of lifecourse weight gain on waist circumference (WC), hip circumference (HC), or waist-to-hip ratio (WHR).
Objective: To evaluate the effects of birthweight and weight gain from birth to age 23 years on WC, HC, and WHR in young
adults.
Design: Population-based birth cohort study started in 1982. A sample of 856 individuals was examined in 2006. Conditional
growth analyses were carried out with adjustment for confounders. WC and HC were also mutually adjusted.
Results: Weight gains during all age ranges studied (birthweight, 0–2, 2–4, 4–15, 15–18/19, and 18/19–23 years) were
positively associated with WC and HC in both sexes. These effects were strongest from 4 to 15 years range (b¼5.0 cm for both
circumferences). Proxies for visceral adipose tissue (WHR and WC adjusted for HC) were associated with weight gain after 2 years
in females and after 4 years in males. Subcutaneous adipose and muscular tissues, assessed by HC adjusted for WC, were
associated with birthweight and weight gain from 0 to 2 years in both sexes, and again with weight gains from 4 to 18 years in
males and 4 to 15 years in females.
Conclusions: Weight gains in utero and in the first 2 years had long-term effects on HC, but weight gain after age 4 years was
strongly associated with WC. Weight gains up to age 2 years may reduce cardiovascular risk associated with adult fat patterns in
a middle-income setting.
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Introduction

Obesity is a massive and growing problem for public health.

In addition to being a principal risk factor for the develop-

ment of cardiovascular disease (CVD) and other chronic

conditions, it is linked to increased morbidity and mortality

in affected individuals.1 The relatively recent increase in

obesity prevalence is the consequence of a myriad of inter-

connected factors that act throughout the lifecourse,

including biological, environmental, and behavioral vari-

ables.2 Understanding the mechanisms of obesity, etiology is

important to create appropriate public health strategies and

policies to reduce its prevalence and consequences.1

Little is known about the effects of early postnatal growth

on later risk for obesity and CVD. Studies from developed

countries have shown that low birthweight is associated with

cardiovascular risk in adult life, but associated mechanisms

remain largely speculatory.3–5 Early hypotheses mostly

examined in utero exposures, but recently, rapid postnatal

growth has also been implicated in increasing risk.4 Several

recent studies have shown that growth in childhood,

especially rapid weight gain, is associated with increased

risk for overweight,6–8 elevated blood pressure,9 clustered

metabolic risk,10 coronary events,11 and stroke.12 Data

suggest that individuals who are small in the first 2 years

of life and subsequently put on weight rapidly present the

greatest levels of risk.3,8,11,13–15 In low- and middle-income

countries, the principal early exposure evaluated has been

nutritional restriction in the first years of life,8,16–20 but

evidences are still scarce and inconclusive.

Other limitations for researchers in this area are the

indicators used to define the outcome. Obesity in adults has

been traditionally evaluated by body mass index (BMI).21
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However, waist-to-hip ratio (WHR), an indicator of

abdominal obesity, is more strongly associated with CVD

mortality than other anthropometric measures.22,23 Never-

theless, it is important to study the epidemiology of waist

circumference (WC) and hip circumference (HC) separately

because WHR can be a result of increased WC and/or

decreased HC5,24 and the tissues constituting both circum-

ferences are determined by a range of factors that act

throughout life.25,26 In addition, WC and HC have opposite

effects on CVD (direct and inverse, respectively) after mutual

adjustment.24 These effects have been explained by changes

in the amount of visceral adipose tissue (WC adjusted for

HC) and on subcutaneous and muscular tissues (HC adjusted

for WC).27

Lifecourse models are fundamental for the study of early

risk exposures for chronic disease in later life.28 However,

literature from countries undergoing the epidemiological

transition is sparse and few cohorts have adequate long-

itudinal data to explore these associations.8 The 1982 Pelotas

(Brazil) birth cohort study has prospectively collected data

from participants at numerous follow-up visits from birth

to age 25. We used this data to examine the effects of

intrauterine growth restriction (IUGR), nutritional status in

childhood, and weight gain throughout life in relation to

WC, HC, and WHR.

Materials and methods

The city of Pelotas in Southern Brazil has a population of

approximately 340 000. The 1982 Pelotas birth cohort began

as a perinatal survey of all hospital births taking place in the

city that year. Over 99% of births (n¼5914) to mothers

living in the urban area of the city were registered. Newborns

were weighed and mothers were interviewed on a number of

sociodemographic and general health variables. Birth length

was not measured. The cohort members were subsequently

followed up on numerous occasions from infancy until 24

years. Details regarding follow-up visits have been published

earlier.29

In 1984 and 1986, all the cohort members were sought in

two-city census, resulting in 87% (n¼4934) and 84%

(n¼ 4742) follow-up rates. Mean ages of the children were

19.4 and 43.1 months at 1984 and 1986 visits, respectively.

In 1997, a random selection of 27% of the city’s census tracts

were visited in search of members of the cohort, resulting in

a 72% follow-up rate (n¼1076) at a mean age of 14.7 years.

The next examination took place in 2000, when cohort

males were legally obligated to report to the army. Of the

3037 cohort males, 2250 were interviewed at a mean age of

18.2 years (78.9% follow-up rate). In 2001, the same 27%

sub-sample as in 1997 was re-visited and 1031 cohort

members were successfully examined and interviewed at a

mean age of 18.9 years. In this study, the 2000 and 2001

follow-ups were combined to include males and females, and

mean age of this group is reported as 18/19 years.

Between October 2004 and August 2005, the entire cohort

was sought through a census of all 98 000 urban households,

and 4297 cohort members (mean age 22.8 years) were

interviewed and examined (follow-up rate 77%). Follow-up

rates reported here include those known to have died.

Trained interviewers applied questionnaires that included

sections on health, behavior, and socioeconomic factors at

each of the above follow-ups using methods described

earlier.29,30

Between January and April 2006, the 1076 cohort

members examined in 1997 were sought. Anthropometric,

behavioral, and health variables were collected on 972

subjects. Assessment of central adiposity using WC, HC,

and waist–hip ratio was carried out in 856 subjects, which are

the outcome variables of this paper. WC was measured at

the narrowest girth of the trunk or halfway between the

costal margin and iliac crest. The hip was measured at the

widest point of the buttocks on the antero-posterior and

lateral planes. For both measurements, a flexible 160 cm

(precision: 1 mm) fiberglass measuring tape was used.

Interviewers were trained on waist and hip measurements

until standardized within an acceptable margin of error.

These limits were based on technical error of measurement

(TEM) compared with an experienced anthropometrist (gold

standard). Standardizations were based on repeated measure-

ments on 10 individuals aged between 20 and 35 years.

Maximum technical error of measurement values for the

gold standard were 0.76 cm for waist and 0.59 cm for hip

measures, and training was continued until intra- and inter-

interviewer technical error of measurement values were less

than twice and three times the values of the gold standard,

respectively.31

The explanatory variables were created based on birth-

weight and weight at ages 2, 4, 15, 18/19, and 23 years. The

weights at birth and in childhood were transformed to

Z-scores of weight for age and sex, using the 2006 WHO

growth standards.32 Internal weight Z-scores were calculated

using sex-specific distributions from the whole cohort for the

ages 15, 18/19, and 23 years, excluding pregnant or post-

partum women in the last two follow-ups from calculations

to generate Z-scores.

Gestational age was estimated by mother’s recall of last

menstrual period and collected in 1982. Percentile of birth-

weight for gestational age was based on the reference

developed by Williams et al.33 Children whose birthweight

was below the 10th centile for gestational age and sex were

classified as having IUGR. Nutritional status at age 2 and 4

years were also evaluated as stunting (height for age Z-score

o�2.0) and overweight (weight for height Z-score 4þ1.0),

also using the 2006 WHO growth standards.

Weight gain from birth to early adulthood was evaluated

by using a conditional weight model in each period (2, 4, 15,

18/19, and 23 years). The analyses took into account the

correlation between weight in different ages, as well as

regression to the mean.12,34 Conditional weight gain vari-

ables are calculated based on the residuals or differences
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between actual and predicted weight Z-score for each

individual. Predicted weight for a specific age is estimated

using the Z-score weights at earlier ages (that is Z-score of

weight at birth and at age 2 years were used to predict the

weight at age 4 years). For comparability across different

periods, we standardized the residuals to estimate the

differences in the outcomes for a unit standard deviation

increase in the predictor.

Additional analyses of weight gain were performed based

on weight Z-score changes in each period (0–2, 2–4, 4–15,

15–18/19, and 18/19–23 years). Weight change in a given

period was obtained by subtracting the initial from the final

Z-score. Generated variables were standardized to ensure

comparability between the periods and with conditional

weight gain analyses.

Analysis of variance and linear regression were used in

crude analyses, and multiple linear regression was used in

the adjusted analyses, testing for heterogeneity or linear

trend. All the analyses were stratified by sex, expressing the

regression coefficients (b) and confidence intervals (95% CI)

in cm for WC and HC and as a percentage for WHR (b or 95%

CI �100). Stata 9.0 was used for analyses (Stata Corp.,

Colege Station, TX, USA).

The multivariable analyses were performed based on two

different models. Perinatal variables were included in a first

model (model 1) as potential confounders, all collected in

1982: family income at birth, maternal education, maternal

skin color, maternal height and pre-gestational BMI,

smoking in pregnancy, and gestational age. Details regarding

these variables are available.29,30 In a second model (model

2), WC and HC were mutually adjusted as a proxy to evaluate

the effects of the independent variables on visceral adipose

tissue (WC adjusted for HC) and on subcutaneous adipose

and muscular tissues (HC adjusted for WC).24,27 Interactions

between weight gain variables and IUGR or stunting at age

2 years were sought, and those with a P level lower than 0.1

are described below.

The Federal University of Pelotas Ethical Committee

approved all phases of the 1982 Pelotas birth cohort study.

Verbal informed consent was obtained until 1986 and

written informed consent thereafter.

Results

In 2006, 856 of the 972 individuals who were located had

waist and hip measurements taken. Considering that the

sub-study was aimed at locating 27% of the original cohort,

the follow-up rate was 58.4%. Twenty-four women who were

either pregnant or up to 3 months post-partum at the time of

the measurements were excluded. Individuals who were

measured had higher family income at birth compared with

the cohort as a whole, but there were no differences with

respect to sex, skin color, maternal education, or birthweight

(Table 1).

Among men, mean values were 82.0 cm for WC (s.d. 10.2),

97.6 cm for HC (s.d. 8.7), and 0.84 for WHR (s.d. 0.05).

Corresponding values for women were 74.2 cm (s.d. 9.7),

98.7 cm (s.d. 10.0), and 0.75 (s.d. 0.05).

Table 2 describes anthropometric measures in each

follow-up visit. Men were heavier than women from birth

to adulthood, but no differences were found on account of to

weight Z-score according to sex.

Table 1 Comparison of demographic and socioeconomic characteristic at

birth between cohort members located and measured in 2006

Variablesa Original cohort Located and measured in 2006

N N %b

Sex

Male 3037 442 59.1

Female 2876 414 57.5

P-valuec 0.5

Maternal skin color

White 4851 717 58.9

Black/mixed 1060 138 55.8

P-valuec 0.3

Family income at birth (minimum wages)

p1 1288 139 48.7

1.1–3 2789 412 59.2

43 1808 302 64.1

P-valuec o0.001

Maternal education (years)

0–4 1960 253 54.4

5–8 2454 370 60.7

9+ 1493 231 59.6

P-valuec 0.08

Birthweight (g)

X2500 5375 810 58.0

o2500 534 46 61.9

P-valuec 0.4

Total 5914 856 58.4

aAll variables with missing values. bProportional follow-up considering that the

located in 2006 are a sample of 27% of the original cohort. Follow-up rates

also included 27% of the known deaths as located. cw2 test for heterogeneity.

Table 2 Mean (s.d.) weight from birth to age 23 years in cohort males and

females, in kg

Age Males Females

N Weight (kg) WAZ N Weight (kg) WAZ
Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.)

Birth 442 3.30 (0.54)* �0.15 (1.1) 414 3.22 (0.50) �0.09 (1.1)
2 years 416 11.5 (1.6)*** 0.20 (1.1) 384 11.0 (1.7) 0.20 (1.1)
4 years 411 15.9 (2.1)** 0.11 (1.0) 411 15.5 (2.5) 0.03 (1.1)
15 years 441 57.3 (12.2)*** �0.03 (1.0) 413 54.8 (10.4) 0.00 (1.0)
18/19 yearsa 429 67.0 (12.4)*** �0.03 (1.0) 386 57.9 (11.3) 0.01 (1.0)
23 yearsb 416 72.3 (13.9)*** 0.02 (1.0) 378 60.8 (12.3) 0.02 (1.0)

Abbreviation: WAZ, weight for age Z-score. aExcluding 27 pregnant women in

2000. bExcluding 20 pregnant and 8 post-partum women in 2004–2005.

Differences between males and females: P-value *p0.05; **p0.01;

***p0.001.
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Boys born IUGR had around 4 cm lower WC and HC that

those born without IUGR in crude analyses (Table 3). These

differences were reduced after adjustment for confounders

(model 1). When both circumferences were included in the

equation (model 2), only the association with HC persisted.

IUGR was not associated with WHR in crude or adjusted

analyses. Among females, IUGR was not associated with WC,

HC, or WHR in crude or adjusted analyses.

In the crude analyses, boys stunted at age 2 years had

approximately 5 cm lower WC and HC in adulthood than

those not stunted (Table 3). Stunting was significantly

associated with HC, but not with WC after control for

confounders (model 1) and after mutual adjustment (model

2). There was no association with WHR in crude or adjusted

analyses. Females stunted at age 2 also had lower WC and

HC in adulthood than girls who were not stunted in crude

analyses and after adjustment for confounders (model 1), but

only associations with HC were significant. After mutual

adjustment (model 2), the weak negative association with

WC became positive, and stunting remained inversely

associated with HC. Stunted girls had higher WHR in crude

and adjusted analyses.

Overweight boys and girls at age 2 years had at least 3 cm

wider WC and HC in adulthood than children who were

not overweight in crude analyses (Table 3). These differences

persisted after adjustment for confounders (model 1). After

mutual adjustment (model 2), overweight did not remain

associated with WC or HC in either sex. Higher WHR was

observed only among overweight males in crude analysis,

but this difference was no longer significant after adjustment

for confounders.

All the results for stunting and overweight at age 4 years

were similar to the analyses for nutritional status at age 2

years (results not shown).

Table 4 shows how birthweight and conditional weight

gains were associated with WC, HC, and WHR in adult

males and females. Early growth variables were positively

associated with WC and HC in crude analyses in both sexes.

Among males, growth up to 4 years had similar absolute

effects on both circumferences, whereas weight gain in

adolescence and early adulthood had stronger effects on WC

than on HC. In females, the pattern was different: growth

from birth to age 4 years affected principally HC, whereas

growth in later ages showed similar effects on both

circumferences. Conditional weight gains in adolescence

and early adulthood (4–15, 15–18/19, and 18/19–23 years)

showed stronger associations with both outcomes than

earlier weight gains, and the strongest associations were

observed for the period 4–15 years (approximately 5.0 cm for

both circumferences in males and females). Adjustment

for confounders (model 1) led to slight changesFmostly

reductionsFin these coefficients. When WC was addition-

ally adjusted for HC (model 2) conditional weight gains after

the age of 4 years remained associated with WC in boys, and

after the age of 2 years in girls. When HC was adjusted for

WC (model 2), birthweight and weight gain from 0 to 2 and T
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4 to 15 years remained positively associated with HC in both

sexes; weight gain from 15 to 18/19 was also directly

associated in males. Nearly all the significant associations

in model 2 (WC and HC adjusted for one another) were

stronger in females than in males. The results for WHR were

very similar to those for WC in model 2 (adjusted for HC) in

either sex.

Interactions between weight gain and baseline nutritional

status were found for girls only (Table 5). Rapid weight gain

from 2 to 4 years had a stronger effect on WC adjusted for

HC, as well as on WHR, for girls born with IUGR than for

those without IUGR (P¼0.07). For the 0–2-year period, there

was no such interaction. Likewise, rapid weight gain from 2

to 4 years had a stronger effect on these outcomes among

girls who were stunted at 2 years than for those who were not

stunted (P¼0.06).

Analyses were repeated using unconditional weight Z-score

change in each period for males and females (Online

Supplementary Table). The results were very similar to the

conditional growth analyses in all models (crude analyses,

adjusted for confounders, and mutual adjustment for WC

and HC). The last model included an additional adjustment

for the initial weight in each period to correct for regression

to the mean.35

All analyses were repeated including concurrent variables

as potential mediators (concurrent family income, own

education, smoking, fiber and fat intake, alcohol consump-

tion, physical activity, and parity for females), but further

adjustment did not have a marked effect on the coefficients

(results not shown).

Discussion

This study evaluated the effects of IUGR, nutritional status in

childhood, and weight gain from birth to age 23 years on

Table 4 Beta coefficients for waist circumference, hip circumference, and waist-to-hip ratio (�100) at age 24 years according to one unit s.d. increase in

conditional weight gain from birth to 23 years

Waist circumference (cm) Hip circumference (cm) Waist-to-hip ratio (�100)

Crude Model 1 Model 2 Crude Model 1 Model 2 Crude Model 1
b (CI 95%) b (CI 95%) b (CI 95%) b (CI 95%) b (CI 95%) b (CI 95%) b (CI 95%) b (CI 95%)

Males
Birth 2.8*** (2.0;3.6) 2.1*** (1.2;3.0) �0.1 (�0.6;0.3) 2.8*** (1.0;2.4) 2.1*** (1.3;2.8) 0.5** (0.2;0.9) 0.4* (0.0;0.8) 0.3 (�0.1;0.8)
0–2 years 2.5*** (1.6;3.5) 1.8** (0.7;2.8) �0.2 (�0.7;0.3) 2.6*** (1.8;3.4) 1.9*** (1.0;2.7) 0.5* (0.1;0.9) 0.3 (�0.1;0.7) 0.2 (�0.3;0.7)
2–4 years 2.4*** (1.3;3.5) 2.1*** (1.1;3.2) 0.1 (�0.4;0.5) 2.3*** (1.4;3.2) 2.0*** (1.1;2.9) 0.3 (�0.1;0.7) 0.4 (�0.1;0.9) 0.4 (�0.1;0.9)
4–15 years 5.8*** (4.9;6.7) 5.3*** (4.4;6.2) 0.8** (0.3;1.3) 4.9*** (4.1;5.6) 4.4*** (3.7;5.2) 0.6** (0.2;1.1) 1.6*** (1.1;2.0) 1.5*** (1.1;2.0)
15–18/19 years 4.6*** (3.7;5.5) 4.2*** (3.3;5.1) 0.5* (0.0;1.0) 3.9*** (3.1;4.7) 3.5*** (2.8;4.3) 0.4* (0.0;0.9) 1.2*** (0.8;1.7) 1.1*** (0.6;1.6)
18/19–23 years 3.6*** (2.6;4.6) 3.4*** (2.4;4.4) 0.7** (0.2;1.2) 2.7*** (1.8;3.6) 2.6*** (1.7;3.4) 0.0 (�0.4;0.4) 1.3*** (0.8;1.7) 1.2*** (0.7;1.7)

Females
Birth 1.6*** (0.82.5) 2.0*** (1.0;2.9) �0.1 (�0.7;0.5) 2.8*** (2.0;3.7) 2.7*** (1.7;3.6) 1.0*** (0.4;1.6) �0.5* (�1.0;0.0) 0.0 (�0.6;0.5)
0–2 years 1.7*** (0.8;2.7) 2.3*** (1.3;3.3) 0.0 (�0.6;0.6) 2.9*** (2.0;3.8) 2.9*** (2.0;3.9) 1.1*** (0.5;1.7) �0.5 (�1.0;0.1) 0.1 (�0.5;0.6)
2–4 years 2.5*** (1.5;3.5) 2.2*** (1.3;3.2) 0.8** (0.2;1.4) 2.3*** (1.3;3.4) 1.9*** (0.9;2.9) 0.1 (�0.6;0.7) 0.7* (0.1;1.3) 0.7* (0.2;1.3)
4–15 years 5.5*** (4.7;6.4) 5.0*** (4.1;5.8) 1.2*** (0.5;1.9) 5.7*** (4.8;6.5) 5.4*** (4.5;6.2) 1.7*** (1.0;2.4) 1.2*** (0.7;1.8) 1.0*** (0.4;1.5)
15–18/19 yearsa 3.6*** (2.6;4.5) 2.9*** (2.0;3.8) 1.0** (0.4;1.6) 3.3*** (2.3;4.2) 2.6*** (1.6;3.6) 0.3 (�0.4;0.9) 1.0*** (0.4;1.6) 0.7* (0.1;1.2)
18/19–23 yearsb 4.0*** (3.1;4.9) 3.8*** (2.9;4.6) 1.2*** (0.5;1.8) 3.8*** (2.8;4.8) 3.6*** (2.7;4.6) 0.6 (�0.1;1.3) 1.1*** (0.5;1.6) 0.9*** (0.4;1.5)

aExcluding 27 pregnant women in 2000. bExcluding 20 pregnant and 8 post-partum women in 2004–2005. Stratified by sex. P-value *p0.05; **p0.01; ***p0.001.

Model 1FAdjusted for perinatal variables: family income at birth, maternal education, maternal skin color, maternal height, maternal BMI before the pregnancy,

smoking in pregnancy, and gestational age. Model 2FAs for model 1, with waist circumference and hip circumferences adjusted to each other.

Table 5 Beta coefficients for waist circumference (WC) at age 24 years adjusted for hip circumferencea according to a one unit standard deviation increase in

conditional weight gain from birth to 4 years in males and females

WC stratified by IUGR WC stratified by stunting at age 2 years

Non-IUGR IUGR Interaction Non-stunted Stunted Interaction

b (CI 95%) b (CI 95%) P-value b (CI 95%) b (CI 95%) b (CI 95%)

Males

Weight gain 0–2 years �0.3 (�0.9;0.4) 0.4 (�1.1;1.9) 0.9 F F F
Weight gain 2–4 years �0.1 (�0.7;0.5) 0.2 (�1.7;2.0) 1.0 0.0 (�0.5;0.6) �0.3 (�1.4;0.9) 0.9

Females

Weight gain 0–2 years 0.3 (�0.4;1.0) 1.0 (�1.9;3.9) 0.8 F F F
Weight gain 2–4 years 0.3 (�0.4;1.0) 4.0 (1.2;6.7) 0.005 0.5 (�0.1;1.2) 2.9 (0.5;5.3) 0.09

aAnalyses also adjusted for confounders: family income at birth, maternal education, maternal skin color, maternal height, maternal BMI before pregnancy, smoking

in pregnancy, and gestational age. Stratified by intrauterine growth restriction (IUGR) and stunting at age 2 years.
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WC, HC, and WHR in young adults. Special attention was

given to their possible effects on proxies of visceral fat versus

subcutaneous and muscular tissues (WC and HC mutually

adjusted) and possible interactions with early undernutri-

tion. Our study is the first to examine the effects of weight

gain from birth to adulthood on WC, HC, and WHR.

Our results showed direct associations between birth-

weight and weight gain in all age ranges studied with WC

and HC in both sexes. Though directions of associations

were similar between the sexes, different patterns were

observed for magnitudes of effect. In boys, weight gain up

to age 4 years had similar effects on WC and HC, whereas

weight gain after this age had a stronger influence on WC. In

girls, weight gain up to age 4 years affected HC more than

WC, but weight gain in later years had similar effects on both

circumferences.

Seven studies from high-income countries (England,

Sweden, Switzerland, and Holland) evaluated the effects of

birthweight and/or early growth on WC and HC in

adults.6,36–41 All seven reported positive associations, mostly

statistically significant, but analyzed weight gain only until

the age of 7 years. Six of these studies36–41 and another from

a Belgian cohort42,43 evaluated WHR as an outcome, but

found no associations with early growth. Two other studies

explored similar associations using data from low- and

middle-income countries. Corvalan et al.16 evaluated the

effects of BMI at birth and BMI increases from birth to 7 years

on WC in a Guatemalan cohort. Sachdev et al.18 investigated

the effects of BMI increases to age 14 years on WHR. Both

studies showed direct associations between exposure vari-

ables and WC and WHR in adulthood, which tended to

become stronger with increasing age. Another study from

the Guatemalan cohort found a direct association between

birthweight and WHR in women, but not men.17

The methods used in this study did not allow for the

analysis of body fat distribution. WC incorporates some

muscle/organ mass as well as fat mass, but is affected

principally by variability in subcutaneous and visceral

adipose tissue. On the other hand, HC reflects bone,

subcutaneous fat, and muscle.24 Our analytical models

included mutual adjustment for WC and HC as a proxy to

estimate visceral fat and subcutaneous and muscle tissue

mass. Visceral adipose tissue is a key risk factor for CVD,

whereas subcutaneous fat and muscular tissue are protective

factors.44 WC is a direct indicator of the amount of visceral

adipose tissue when it is adjusted for HC. On the other hand,

HC is directly associated with subcutaneous adipose and

muscle tissue mass when adjusted for WC.27 This explains

the opposite effects that WC and HC exert on CVD (risk and

protection, respectively) after mutual adjustment.24 WHR

also reflects visceral adipose tissue,22,23 and it is reassuring

that our results from WHR analyses were similar to those

found with WC after adjustment for HC. For this reason, our

conclusions about the possible effects of weight gain on

visceral adipose tissue refer to both outcomesFWHR and

HC-adjusted WC.

Our results suggest that rapid growth in the first 2 years of

life (for women) and in the first 4 years (for men) do not

appear to result in increased visceral fat in adults, as assessed

by the WHR or by WC adjusted for HC. Similar results were

observed by Sachdev et al.18 in an Indian study that assessed

the effects of BMI increases on WHR in young adults. These

patterns are consistent with the progressive increase of total

body fat that begins at 3–7 years (the adiposity rebound

period),45 which is more evident and occurs earlier in girls

compared with boys.26 Earlier analyses from our cohort also

showed that early growth was less strongly associated with

adult C-reactive protein levels than later growth,46 but in

contrast with the present findings, the associations were

stronger for males than for females.

Our results also suggest that early growth leads to

increased HC in adults, which is protective against cardio-

vascular events.24 A different picture emerges when weight

gains after 4 years of age are analyzed, as these are strongly

associated with proxies of visceral fat. Studies from low- and

middle-income countries suggest that early nutrition is

primarily associated with adult lean mass.8 This is in

accordance with our finding that early weight gains have a

positive effect on HC and no impact on visceral fat.

Adolescent weight gain was also positively associated with

HC after adjustment for WC. Although this effect lasted

longer in boys (4–18/19 years) than in girls (4–15 years), the

regression coefficients were three times greater among girls.

These differences reflect the duration and intensity of

pubertal growth periods; in girls, adolescent growth in HC

is primarily because of subcutaneous fat, whereas in boys it is

related to muscle mass.26

In line with earlier results for weight gain in the first 2

years of life, early undernutrition (especially stunting at age

2 years) was associated with reduced HC in both sexes, even

after adjusting for WC. This finding is consistent with the

higher risk of obstructed labor in populations in which

undernutrition is prevalent, because of the small dimensions

of the pelvis in women of childbearing age.47 Stunted

individuals also had smaller WC, but the differences were

not significant. One earlier study data from Jamaica20

evaluated the effects of stunting in early life on WC and

HC and found 5–7 cm smaller circumferences in males and

females stunted at age 2 years. Our data indicated that

overweight status at age 2 years was associated with

increased WC and HC in both sexes. These effects disappear

when both measures are mutually adjusted, consistent with

the lack of association found between overweight at age 2

years and WHR. These findings support our earlier conclu-

sions that growth to age 2 years does not have lasting effects

on proxies of visceral fat tissue.

Our finding on interactions suggest that IUGR girls who

put on weight rapidly in the first two years of life (so-called

‘early catch-up’)48 do not show higher risk of visceral fat

deposition, as measured by WC adjusted for HC or by WHR.

However, IUGR girls with late catch-up (2–4 years of age)

show substantially increased risk. Likewise, stunted girls at
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age 2 years apparently tend to have more visceral fat (WC

adjusted for HC and WHR) if they gain weight rapidly after

this age. Similar interactions between IUGR and later rapid

weight gains on the determination of adult obesity have

been described,3,8 reinforcing the idea that early catch-up

seems to be beneficial, but late catch-up is associated with

increased risk of fatness. The reasons why this interaction

was only present among girls are unclear, but earlier studies

in Holland40 and Guatemala17 also found that intrauterine

undernutrition led to abdominal fatness only among

females. This is an area of growing interest in the lifecourse

epidemiology and more research is needed to examine these

associations.

Finally, socioeconomic and behavioral variables such as

diet, physical activity, smoking, and alcohol intakeFall of

which are associated with obesity1,2Fdid not mediate the

described associations, suggesting that the effects of birth-

weight and early growth on WC and HC are determined

early in life.

The analyses in this investigation were made possible by

the longitudinal nature of the study, which allowed for data

collection from birth to age 24 years. We did not have

information on weight within the first months of lifeFa

period that has been described as having important effects

on later risk4,8,10For for smaller age ranges within the 4–15

years period, which would have allowed us to analyze the

specific effects of the adolescent growth spurt. On the other

hand, we were able to examine the cohort from birth to

adulthood, unlike earlier studies on this topic. The use of

conditional growth models were important in addressing

some common statistical limitations associated with life-

course analyses such as colinearity of variables, regression to

the mean, and the ‘horse-race’ effect.15,34,45 It is reassuring,

however, that similar results were obtained with the

unconditional analyses based on Z-score changes.

Approximately 40% of the original cohort was not located

in the 2006 sub-study, a possible limitation for this study.

The follow-up rate was not different according to sex, skin

color, maternal education, or birthweight, but losses were

more frequent in poorer individuals. It is difficult to stipulate

how this may have affected our findings, but it is not likely

that these losses account for them. Future follow-up of the

cohort will include more detailed analyses of body composi-

tion, which was not possible so far because of budgetary

limitations. Nevertheless, validation studies suggest that

WC, HC, and WHR may be used for estimating fat

distribution patterns.24,27,44

Our results support earlier research showing that

rapid weight gain in the first 2 years of life, in a middle-

income setting, is not hazardous and may be beneficial in

terms of preventing CVD as well as in promoting human

capital.8 On the other hand, our results highlight the need

to avoid rapid weight gain, particularly after 4 years of life,

to prevent the increase of visceral adipose tissue and its

effect on CVD, especially in those with early nutritional

restriction.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

This study was partially funded by The Wellcome Trust

(Major Awards for Latin America on Health Consequences of

Population Change). The initial phases of the cohort study

were made possible by support from the National Program

for Centers of Excellence (PRONEX), the Brazilian Ministry

of Health (National Health Foundation), International

Development Research Center of Canada, and the United

Nations Development Fund for Women (UK). We thank the

researchers at the Center for Epidemiologic Research at the

Federal University of Pelotas. Special thanks to Dr Denise

Petrucci Gigante and Dr Anaclaudia Gastal Fassa for

contributing data from the 1982 Pelotas Cohort and also to

Jeovany Martı́nez, Marı́a Angélica Barbosa, and Marı́a del
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1982–2001. Cad Saúde Pública 2003; 19: 1241–1256.

31 Habicht JP. Standardization of quantitative epidemiological
methods in the field. Bol Oficina Sanit Panam 1974; 76: 375–384.

32 de Onis M, Onyango AW. WHO child growth standards. Lancet
2008; 371: 204.

33 Williams RL, Creasy RK, Cunningham GC, Hawes WE, Norris FD,
Tashiro M. Fetal growth and perinatal viability in California.
Obstet Gynecol 1982; 59: 624–632.

34 Keijzer-Veen MG, Euser AM, van Montfoort N, Dekker FW,
Vandenbroucke JP, Van Houwelingen HC. A regression model
with unexplained residuals was preferred in the analysis of the
fetal origins of adult diseases hypothesis. J Clin Epidemiol 2005;
58: 1320–1324.

35 Barnett AG, van der Pols JC, Dobson AJ. Regression to the
mean: what it is and how to deal with it. Int J Epidemiol 2005; 34:
215–220.

36 Byberg L, McKeigue PM, Zethelius B, Lithell HO. Birth weight and
the insulin resistance syndrome: association of low birth weight
with truncal obesity and raised plasminogen activator inhibitor-1
but not with abdominal obesity or plasma lipid disturbances.
Diabetologia 2000; 43: 54–60.

37 Euser AM, Finken MJ, Keijzer-Veen MG, Hille ET, Wit JM, Dekker
FW. Associations between prenatal and infancy weight gain and
BMI, fat mass, and fat distribution in young adulthood: a
prospective cohort study in males and females born very preterm.
Am J Clin Nutr 2005; 81: 480–487.

38 Kuh D, Hardy R, Chaturvedi N, Wadsworth ME. Birth weight,
childhood growth and abdominal obesity in adult life. Int J Obes
Relat Metab Disord 2002; 26: 40–47.

39 McCarthy A, Hughes R, Tilling K, Davies D, Davey Smith G, Ben-
Shlomo Y. Birth weight; postnatal, infant, and childhood growth;
and obesity in young adulthood: evidence from the Barry
Caerphilly Growth Study. Am J Clin Nutr 2007; 86: 907–913.

40 Ravelli AC, van Der Meulen JH, Osmond C, Barker DJ, Bleker OP.
Obesity at the age of 50 y in men and women exposed to famine
prenatally. Am J Clin Nutr 1999; 70: 811–816.

41 Sayer AA, Syddall HE, Dennison EM, Gilbody HJ, Duggleby SL,
Cooper C et al. Birth weight, weight at 1 y of age, and body
composition in older men: findings from the Hertfordshire
Cohort Study. Am J Clin Nutr 2004; 80: 199–203.

42 Loos RJ, Beunen G, Fagard R, Derom C, Vlietinck R. Birth weight
and body composition in young adult men–a prospective twin
study. Int J Obes Relat Metab Disord 2001; 25: 1537–1545.

43 Loos RJ, Beunen G, Fagard R, Derom C, Vlietinck R. Birth weight
and body composition in young women: a prospective twin
study. Am J Clin Nutr 2002; 75: 676–682.

44 Hamdy O, Porramatikul S, Al-Ozairi E. Metabolic obesity: the
paradox between visceral and subcutaneous fat. Curr Diabetes Rev
2006; 2: 367–373.

45 Cole TJ. Children grow and horses race: is the adiposity rebound a
critical period for later obesity? BMC Pediatr 2004; 4: 6.

46 Nazmi A, Gonzalez DC, Oliveira IO, Horta BL, Gigante DP,
Victora CG. Life course weight gain and C-reactive protein levels
in young adults: findings from a Brazilian birth cohort. Am J Hum
Biol 2009; 21: 192–199.

47 Konje JC, Ladipo OA. Nutrition and obstructed labor. Am J Clin
Nutr 2000; 72: 291S–297S.

48 Victora CG, Barros FC. Commentary: the catch-up dilemma–
relevance of Leitch’s ‘low-high’ pig to child growth in developing
countries. Int J Epidemiol 2001; 30: 217–220.

This work is licensed under the Creative Commons Attribu-

tion-NonCommercial-No Derivative Works 3.0 Unported

License. To view a copy of this license, visit http://creativecommons.org/

licenses/by-nc-nd/3.0/

Supplementary Information accompanies the paper on International Journal of Obesity website (http://www.nature.com/ijo)

Growth and abdominal obesity
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