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Maternal diet, breastfeeding and adolescent body composition:
a 16-year prospective study
J Yin1,2, S Quinn3, T Dwyer4, A-L Ponsonby4 and G Jones1

BACKGROUND/OBJECTIVES: Overweight and obesity are becoming increasingly prevalent problems worldwide. A number of
factors in early life have been found to be associated with body composition of neonates or young children but there is limited
follow-up data for adolescents. This study aims to describe associations between early nutrition and body composition in adolescents.
SUBJECTS/METHODS: Birth cohort study of 415 pregnant women and their offspring (mean age 16 years). Body composition
including fat mass (FM) and lean body mass (LBM) of adolescents at 16 years of age was measured by dual-energy X-ray
absorptiometry. Information on maternal food and nutrients intake during the third trimester of pregnancy and breastfeeding
was collected by questionnaires soon after birth.
RESULTS: A total of 264 mother–adolescents pairs were studied. Maternal antenatal meat intake was positively associated with FM
of adolescents (an increase of 0.9%/portion, Po0.01). There were also positive associations between maternal energy intake
(per 1000 kJ/day), fat (per 10 g/d) and protein (per 10 g/day) intake and offspring’s FM (an increase of 1.3%), but these became
borderline after adjustment for confounders. Breastfeeding425 days was negatively associated with FM in adolescents (a decrease
of 14%, P¼ 0.01). These associations were independent of the significant association between maternal energy and macronutrient
intakes during pregnancy and adolescent intakes at 16 years of age. No significant association was found between maternal dietary
intake and lean mass in adolescents.
CONCLUSIONS: Breastfeeding may have a biological effect that is beneficial for the prevention of obesity. Conversely, higher
maternal meat intake during pregnancy may increase FM in adolescents.
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INTRODUCTION
Overweight and obesity are becoming increasingly prevalent
problems worldwide, B1 in 4 UK and Australian children and 1 in
3 US children are overweight or obese.1 Obesity in childhood and
adolescence not only leads to increased incidence of
hypertension, diabetes and morbidity, but also to adult obesity
and its related adverse metabolic and cardiovascular sequelae.2

Once obesity is established, it may be less amenable to
population-based lifestyle interventions than predicted.3

Adipocyte development begins in the fetus and has the capacity
for ‘unlimited’ growth;2 thus, exploring the determinants of body
composition and understanding which early-life events regulate
adipose tissue distribution in offspring are likely to provide
important insights for novel interventions that may prevent excess
adiposity in later life.
There are data suggesting a number of factors in early life might

programme fat cell responses,4,5 determine neonatal body
composition.6 Among these factors, intrauterine overnutrition
and breastfeeding were shown to have an enduring influence on
subsequent adiposity, which appeared to be important causes of
childhood obesity but of modest importance relative to known
causes of obesity among adults.4 Animal experiments showed that
a maternal diet high in fat could significantly increase the
susceptibility to diet-induced obesity7 and percentage total body
fat in rat offspring.8 Results from several long-term longitudinal

studies were reported in recent years. It showed that mothers with
a higher pre-pregnant body mass index (BMI) or a larger mid-
upper arm circumference during pregnancy tended to have
children with greater adiposity at the age of 9.9 Thereafter, a study
in the UK examined the association between maternal dietary
intake in pregnancy and offspring dietary intake and adiposity at
10 years of age , and suggested strong prenatal maternal
associations with child dietary intake.10 However, subjects in this
study were about 10 years of age, which was not old enough to
provide associated information of maternal diet with offspring’s
body composition after puberty.
To our knowledge, no result from prospectively collected data

was reported to show the relationship between maternal diet and
later adiposity in adolescence. We previously reported association
between maternal diet during pregnancy, breastfeeding and bone
mineral density of offspring at 8 and 16 years.11–13 Therefore, the
aim of this study was to use a birth cohort study to investigate the
associations between maternal diet during the third trimester of
pregnancy, breastfeeding and subsequent long-term body
composition of offspring at 16 year.

MATERIALS AND METHODS
Tasmania is an island state of Australia, and 99% residents are Caucasian.
Subjects in this study were part of an original cohort of individuals enrolled
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in 1988–1989 as part of an investigation of sudden infant death syndrome
by previously published criteria,14 including maternal age, birth weight,
month of birth, infant sex, duration of the second stage of labor and infant
feeding. In 1988 and 1989, 1500 infants were born in Southern Tasmania,
who met these criteria and were eligible to join the study. Of these
subjects, mothers of 1435 infants (96%) agreed to an in-hospital interview
and 1127 (75%) filled in a food frequency questionnaire. A total of 415
adolescents were traced and invited to participate in a study on fracture,
bone density and body composition in 2004–2005 when they were 16
years old.
This study was conducted according to the guidelines laid down in the

Declaration of Helsinki and all the procedures involving human subjects
were approved by the Southern Tasmania Health and Medical Human
Research Ethics Committee. Written informed consent was obtained from
all subjects.

Dietary assessment
Maternal dietary intake during the third trimester of pregnancy was
measured with a self-administered FFQ (Food Frequency Questionnaire)15

applied shortly after birth with two very similar FFQs being used. The first
was a questionnaire designed for use by child subjects (PFFQ (Pediatric
Food Frequency Questionnaire)), containing 151 food categories but not
including categories such as alcoholic drinks or tea and coffee. It was used
until October 1988 and then we used the second FFQ, which contained
179 food categories and was designed to be self-administered to adults
(AFFQ (Adult Food Frequency Questionnaire)). Both questionnaires included
standard serve sizes; however, to be more appropriate for children, the
serve sizes given in the PFFQ were occasionally smaller than those in the
AFFQ. Mean daily energy and nutrient intake was estimated from each
questionnaire using nutrient data from the Australian Tables of Food
Composition (NUTTAB95, AGPS, 1995). Mothers of multiple-birth children,
who gave multiple answers in a food category, who omitted pages of
the questionnaire or who reported consuming from only 15 of the food
categories or less were determined to have inadequately completed the
questionnaire and were excluded from this part of the analysis.
For adolescents at the age of 16 years, dietary intake was investigated

with the ACCV FFQ (The Anti-Cancer Council of Victoria FFQ),16,17 which
contained 121 food items. Adolescents who gave multiple answers in a
food category, who omitted questions of the questionnaire or who
reported portion size factor, which based on only two foods or less were
excluded from this study.
Likely under-reporting of energy intake in mothers was calculated as

reported daily energy intakes ofo120% of their estimated basal metabolic
rates.18 Maternal basal metabolic rates were estimated by using Schofield’s
equations for adult men and women, as described in the Nutrient
Reference Values for Australia and New Zealand,19 which are based on age
and (BMI; in kg/m2). In mothers, pre-pregnancy BMI was used to estimate
prenatal basal metabolic rates, and an additional 1.9MJ/day in the third
trimester was added following recommended dietary intakes.19 On the
basis of this method, 12 (4.5%) mothers for prenatal diet in the third trimester
were classified as underreporters. In children, under-reporting was defined
as a ratio of reported energy intake to predicted energy requirements
of o78%.20,21 Predicted energy requirement was calculated from body
weight after sex, age and energy requirements for growth had been taken
into account.21 Under-reporting was identified for 160 children (61%).

Breastfeeding
Actual breastfeeding was assessed by a questionnaire administered face-
to-face home visit when the infant was B1 month of age. The cutoff point
of actual breastfeeding for analysis was 25 days, because this was the
minimum time lag between child birth and the home visit in this study. We
also confirmed this via a telephone interview when the infant was B3
months of age and with a breastfeeding recall study when the child was 8
years old.

Anthropometric measures and body composition
Data on measured birth weight was available from the pre-existing
database, the Tasmanian Infant Health Survey.22 Weight of adolescents
was measured to the nearest 0.1 kg (with shoes, socks and bulky clothing
removed). Height was measured to the nearest 0.1 cm (with shoes and
socks removed) using a stadiometer. BMI was calculated by dividing body
weight in kilograms by the square of height in meters (kg/m2). BMI cutoffs
for overweight and obese by sex and age,23 in boys of age 16 years were

X23.9 kg/m2 or X28.9 kg/m2, respectively, in girls were X24.4 kg/m2 or
X29.4 kg/m2. Tanner stage of adolescents at the age of 16 years was
measured by showing and explaining the participant Tanner stage
photographs, which illustrate the five stages of pubertal development
and asking the participant to choose the drawing closest to his/her stage
of development.24

Body composition was measured by dual-energy X-ray absorptiometry
with a Hologic Delphi densitometer on array setting (Hologic, Waltham,
MA, USA). Outputs included fat mass (FM), lean body mass and FM
percentage (%BF). The longitudinal coefficient of variation for our
instrument during 2004 and 2005 using daily measurements of a spine
phantom was 0.5%.

Other factors
Physical activity was retrospectively assessed in the year before study entry
using a questionnaire validated in US adolescents.25 Strenuous activity
(exercise which was severe enough to raise pulse rate and breath) was
used to assess physical activity level. Mother’s educational level (never
attended school, primary school, high school and tertiary education),
marital status (unmarried living together or not, married living together or
not, divorced, other) and parents’ employment status (unemployed, home
duties, employed part-time or full-time, student, permanently unable to
work/ill) were collected with questionnaires at the time of the child’s birth.

Statistical analysis
We used mean (s.d.) or median (interquartile range) to describe continuous
variables, and t-tests or Mann–Whitney U-test to compare differences
between groups as appropriate. Associations between maternal diet and
offspring diet, and associations of potential confounders with adolescents’
diet, physical activity, fat and lean mass were carried out by using
Spearman rank correlation analysis. We used multiple linear regression to
explore the possible associations between maternal energy intake,
macronutrients intake, food intake in the third trimester and offspring
body composition with adjustment for potential confounders. Fat and lean
mass variables were log transformed to approximate a normal distribution.
For the semi-log model where the dependent variable has been
transformed using the log transformation while the explanatory variables
are in their original units, the coefficient b is interpreted which includes the
following: for a one unit change in the explanatory variable, the dependent
variable changes by b*100% holding all other explanatory variables
constant.26 Macronutrients and foods intakes were adjusted for energy and
were confirmed using the nutrition residual method (nutrient intakes were
regressed on total-energy intake and the residuals were entered into
models in place of nutrient intake27) (data not shown). For the main
analysis, we adjusted for dietary under-reporting in mothers by putting this
as a covariate in the models.
A P value o0.05 (two tailed) or a 95% confidence interval not including

the null point was regarded as statistically significant. All statistical analyses
were performed on SAS 9.1 for Windows (Cary, NC, USA).

RESULTS
A total of 415 children were traced 16 years later. Of the 415
participants, 264 participants qualified for maternal diet analysis
after excluding participants with uncompleted food frequency
questionnaire and multiple births. In this study, 460% were male
offspring and all were close to 16 years (Table 1). Compared with
children who could not be traced, the included mother–offspring
pairs were slightly but significantly younger as adolescents (16.3
years vs 16.4 years). However, there were no significant differences
in maternal dietary intake during pregnancy, child’s birth weight,
body composition and gender distribution between these
participants and those lost to follow-up.
Maternal energy intake (r¼ 0.14), fat intake (r¼ 0.15) and

carbohydrate intake (r¼ 0.13) were positively associated with
intakes of their offspring, all Po0.05. With Spearman correlation
analysis (Table 2), energy intake of adolescents was positively
associated with lean body mass (r¼ 0.22) and physical activity
level (r¼ 0.20), but negatively associated with FM (r¼ � 0.31),
%BF (r¼ � 0.36) and BMI (r¼ � 0.19), all Po0.001. Similar associa-
tions were found with macronutrient intakes. Physical activity level
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in adolescents was positively associated with their nutrient
intakes, but negatively associated with their FM and %BF.
The association of maternal energy and macronutrient intakes

with offspring’s body composition is shown in Table 3. Before
adjusting for confounders, maternal energy intake (b¼ 0.013
kg/ 1000 kJ), fat (b¼ 0.014 kg/10 g) and protein intake (b¼ 0.013
kg/10 g) were positively associated with offspring’s FM (log
transformed), all Po0.05. With the interpretation of the semi-log
model, these showed that there is B1.3% increase in FM in
adolescents for every 1000 kJ/day higher energy intake, or 10 g
more fat intake or 10 g more protein intake in mothers in the third
trimester of pregnancy. After adjustment for potential confoun-
ders such as adolescents’ height, height2, maternal energy intake
for macronutrients, maternal under-reporting, paternal employ-
ment at birth and adolescents’ physical activity, these became
nonsignificant (all P40.05). There was no significant association
between maternal energy and macronutrient intake and lean
mass in the offspring.

The association between maternal food intakes in third
trimester of pregnancy, such as meat, milk, fish, fruit and
vegetable and offspring’s body composition is shown in Table 4.
Maternal meat intake in the third trimester was positively
associated with FM of adolescents, before (b¼ 0.011 kg/portion,
Po0.001) and after (b¼ 0.009 kg/portion, Po0.05) the adjustment
for potential confounders (all Po0.05), and these associations
persist after adjustment for current diet (data not shown). With the
interpretation of the semi-log model, the results showed an
increase of B0.9% FM in adolescents for each portion of meat in
the third trimester of pregnancy. There were no significant
associations between other foods intake and offspring’s FM or
lean mass. These associations were independent of the significant
association between maternal energy, fat and carbohydrate intake
in the third trimester during pregnancy and adolescent intakes of
the same nutrients at the age of 16 years.
The association between breastfeeding and body composition

in adolescents is shown in Table 5. After adjustment for potential
confounders, breastfeeding for 425 days was negatively asso-
ciated with FM (b¼ � 0.12, P¼ 0.02) in adolescents, and remained
significant after additional adjustment for paternal employment at
birth (b¼ � 0.14, P¼ 0.01). This was corresponded to 14% lower
FM in adolescents, if breastfeeding was 425 days. Any
breastfeeding p 25 days was not associated with FM or lean
body mass of adolescents, all P40.05.

DISCUSSION
Associations between early-life factors and body composition of
the offspring have been reported but nearly all of them are for
pre-pubertal children. This is the first to have followed the
offspring for 16 years. It confirms greater maternal macronutrient
intakes in the third trimester of pregnancy were associated with
greater adolescent intakes at the age of 16 years for the same
nutrients. This study strongly suggests that maternal meat ntake
during pregnancy may lead to higher body FM and confirms that
breastfeeding may have a long-term protective effect against
obesity.
The association between maternal diet and body composition

has previously been studied in animals. Experiments showed that

Table 1. Characteristics of subjects

Variables Included (n¼ 264) Excluded (n¼ 151) Pa

Adolescent Birth weight (kg) 3.1±0.8 3.0±0.8 0.23
Male (%) 66 61 0.35
Current age (years) 16.3±0.4 16.4±0.5 0.005
Height (cm) 170.4±8.9 170.0±8.7 0.55
Weight (kg) 67.2±14.3 67.5±14.5 0.87
Current energy intake (kJ/day) 9350 (6842) 9629 (6766) 0.24
Fat mass (kg) 15.5(12.1) 15.7 (13.6) 0.59
Lean body mass (kg) 51.3 (14.9) 49.4 (15.0) 0.77
%BF (%) 23.9 (16.4) 24.0 (15.8) 0.48
Overweight (%) 19 20 0.96
Obesity (%) 11 11 0.96
Tanner stageX4 (%) 95 95 0.98
Strenuous activity participation (%) 90 85 0.10
Smoke (%) 52 50 0.72

Mother Age when gave birth (years) 25.1±4.9 25.4±5.0 0.45
Weight before gave birth (kg) 71.3±12.2 73.4±12.7 0.10
Mothers with tertiary education (%) 26 27 0.73
Lived with father (%) 84 82 0.58

Others Father employed (%) 85 86 0.92

Abbreviation: %BF, fat mass percentage. aFor continuous variables, data are tabulated as mean±s.d. or median (interquartile range), using unpaired t-test.
For other variables, using Mann–Whitney U-test.

Table 2. Correlation coefficients between offspring’s body
composition and macronutrients intake, physical activitya

Fat
massb

Lean
massb

Fat
percentage

BMI Physical
activity

Energy
r � 0.31 0.22 � 0.36 � 0.19 0.20

Protein
r � 0.26 0.23 � 0.31 � 0.13 0.20

Fat
r � 0.29 0.19 � 0.34 � 0.19 0.18

Carbohydrate
r � 0.32 0.22 � 0.37 � 0.20 0.20

Physical
activity
r � 0.26 0.18 � 0.29 � 0.11*

Abbreviation: BMI, body mass index. *P40.05. aCorrelation coefficients in
bold, Po0.01. Correlation coefficients in bold and italics, Po0.001. bFat
mass and lean mass was log transformed.
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a maternal diet high in fat could significantly increase the
proportion of both total body fat and abdominal fat in the rats
offspring.8 Offspring of female rats fed with a diet containing
lower protein during pregnancy had a significantly lower adult

body weight due in part to a decrease in body fat, which might be
a result of programming of the insulin axis.28 A systematic review
found it was hard to evaluate the effect of long-chain
polyunsaturated fatty acid supplementation during pregnancy

Table 3. Association of maternal energy and macronutrient intakes in the 3rd trimester of pregnancy with offspring’s body composition

Model 1 Model 2 Model 3

b (95%CI) P b (95%CI) P b (95%CI) P

Fat mass (kg)a

Energy (per 1000 kJ) 0.013 (0.001, 0.025) 0.04 0.011 (� 0.001, 0.023) 0.07 0.012 (0.000, 0.024) 0.05
Protein (per 10 g) 0.014 (0.002, 0.026) 0.03 0.013 (� 0.010, 0.035) 0.27 0.012 (� 0.011, 0.034) 0.32
Fat (per 10 g) 0.013 (0.002, 0.023) 0.02 0.022 (� 0.004, 0.047) 0.09 0.017 (� 0.009, 0.043) 0.2
Carbohydrate (per 50 g) 0.012 (� 0.008, 0.032) 0.25 � 0.039 (� 0.084, 0.005) 0.08 � 0.033 (� 0.080, 0.013) 0.16

Lean mass (kg)a

Energy (per 1000 kJ) 0.002 (� 0.002, 0.007) 0.34 0.002 (0.000, 0.004) 0.10 0.002 (0.000, 0.005) 0.07
Protein (per 10 g) 0.003 (� 0.002, 0.008) 0.19 0.004 (� 0.001, 0.008) 0.10 0.004 (0.000, 0.009) 0.07
Fat (per 10 g) 0.002 (� 0.002, 0.006) 0.37 0.003 (� 0.002, 0.008) 0.26 0.003 (� 0.002, 0.008) 0.27
Carbohydrate (per 50 g) 0.003 (� 0.005, 0.010) 0.49 � 0.009 (� 0.018, 0.000) 0.06 � 0.009 (� 0.018, 0.001) 0.07

Abbreviation: CI, confidence interval. Model 1 unadjusted. Model 2 adjusted for gender adolescents’ height, height squared, maternal energy intake for
macronutrients and maternal under-reporting. Model 3 further adjusted for paternal employment, adolescents’ physical activity. aFat mass and lean mass were
log transformed.

Table 4. Association between maternal food intakes in the 3rd trimester of pregnancy and offspring’s body composition

Model 1 Model 2 Model 3

b (95%CI) P b (95%CI) P b (95%CI) P

Fat mass (kg)a

Meat (portion) 0.011 (0.004, 0.019) o0.001 0.010 (0.002, 0.017) 0.02 0.009 (0.001, 0.017) 0.03
Vegetable (portion) 0.002 (� 0.001, 0.004) 0.15 0.001 (� 0.001, 0.004) 0.34 0.001 (� 0.002, 0.004) 0.45
Fish (portion) 0.021 (� 0.006, 0.049) 0.12 0.020 (� 0.005, 0.044) 0.12 0.023 (� 0.002, 0.047) 0.07
Fruit (portion) 0.002 (� 0.002, 0.007) 0.24 0.001 (� 0.003, 0.005) 0.75 0.001 (� 0.003, 0.005) 0.56
Milk (per 100ml) 0.006 (� 0.004, 0.017) 0.22 0.003 (� 0.007, 0.014) 0.53 0.003 (� 0.007, 0.014) 0.52

Lean mass (kg)a

Meat (portion) 0.002 (� 0.001, 0.005) 0.26 0.001 (0.000, 0.003) 0.09 0.001 (0.000, 0.003) 0.09
Vegetable (portion) 0.001 (0.000, 0.002) 0.17 0.000 (0.000, 0.001) 0.55 0.000 (0.000, 0.001) 0.41
Fish (portion) 0.006 (� 0.005, 0.016) 0.29 0.002 (� 0.003, 0.007) 0.46 0.001 (� 0.004, 0.007) 0.58
Fruit (portion) 0.000 (� 0.002, 0.001) 0.79 0.000 (� 0.001, 0.001) 0.97 0.000 (� 0.001, 0.001) 0.87
Milk (per 100ml) 0.003 (� 0.001, 0.007) 0.09 0.002 (0.000, 0.004) 0.09 0.002 (0.000, 0.004) 0.06

Abbreviation: CI, confidence interval. Model 1 unadjusted. Model 2 adjusted for adolescents’ height, height squared, maternal energy intake for
macronutrients and maternal underreporting. Model 3 further adjusted for paternal employment, adolescents’ physical activity. aFat mass and lean mass were
log transformed.

Table 5. Association between breastfeeding and offspring’s body composition

Model 1 Model 2 Model 3

b (95%CI) P b (95%CI) P b (95%CI) P

Fat mass (kg)a

No breastfeeding reference — reference — reference —
Breastfed p25 days � 0.037 (� 0.195, 0.122) 0.65 � 0.030 (� 0.173, 0.112) 0.68 � 0.034 (� 0.174, 0.107) 0.64
Breastfed 425 days � 0.123 (� 0.228, � 0.019) 0.02 � 0.113 (� 0.207, � 0.018) 0.02 � 0.139 (� 0.239, � 0.039) 0.01

Lean mass (kg)a

No breastfeeding reference — reference — reference —
Breastfed p25 days � 0.023 (� 0.084, 0.038) 0.46 � 0.006 (� 0.038, 0.025) 0.69 � 0.007 (� 0.039, 0.024) 0.65
Breastfed 425 days 0.011 (� 0.029, 0.052) 0.58 � 0.015 (� 0.036, 0.005) 0.15 � 0.014 (� 0.036, 0.008) 0.21

Abbreviation: CI, confidence interval. Model 1 unadjusted. Model 2 adjusted for adolescents’ height, height squared, maternal energy intake for
macronutrients and maternal underreporting. Model 3 further adjusted for paternal employment, adolescents’ physical activity. aFat mass and lean mass were
log transformed.
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on infant and child body composition, and highlighted the need
for further human studies.29 Some studies in humans reported
that maternal diet composition, such as energy from fat and
protein, high-meat and low-carbohydrate diet, has long-term
effects on offspring blood pressure,30,31 but only one studied the
association between maternal diet and offspring body com-
position, with the result that maternal diet during pregnancy was
not associated with adiposity or lean mass of offspring at 10 years
of age.10 Another study showed that maternal glucose con-
centration during pregnancy was positively associated with
children’s lean mass and adiposity pre-pubertal offspring.32

These limited studies only traced young offspring to the pre-
pubertal stage, thus were not long enough to describe long-term
effects of maternal diet on offspring’s body composition.
Maternal diet during third trimester of pregnancy in our study

was found to be associated with body composition of adolescents,
there was B1.3% increase in FM in adolescents for every 1000
kJ/day higher energy intake, or 10 g more fat intake or 10 g more
protein intake in mothers in the third trimester of pregnancy.
These became borderline or nonsignificant after adjustment for
potential confounders, which indicated that effects of maternal
energy, fat or protein intake in third trimester of pregnancy were
not independent of other biological or social factors. In contrast,
the present study shows that there were increases of 0.9% in FM
in adolescents if their mothers had one more portion meat intake
in the third trimester of pregnancy. This suggests that maternal
high meat intake during pregnancy may substantially increase FM
of the offspring, and increase the risk of those offspring becoming
obese in later life independent of gender, current energy intake
and physical activity. These results have important implications for
public health and in terms of prevention of obesity. Further
research is needed to examine the mechanisms by which
maternal meat intake, but not fat or protein intake, during
pregnancy influences children’s body composition.
This report indicates that greater maternal prenatal macro-

nutrient intakes were associated with greater child intakes at 16
years of the same nutrients. A study in pre-pubertal offspring
showed that compared with paternal association, stronger
maternal associations were observed for prenatal macronutrient
intake, possibly reflecting an intrauterine effect of fetal over-
nutrition on child appetite.10 In addition to the targeting dietary
habits in childhood,33 interventions targeting maternal dietary
habits in pregnancy or pre-conceptually might be required to
establish good dietary habits in both parents and offspring as
early as possible. Parental feeding attitudes and styles were also
found to have a pivotal role in the development of their child’s
food preferences and energy intake.34

Reviews have concluded there is a relationship between
breastfeeding and a reduced prevalence of obesity,35 however,
the few studies evaluating childhood fatness have provided
limited direct support for this hypothesis. In this 16-year
longitudinal study, longer breastfeeding in early life was
associated with decreased FM in adolescents, but not LM. This
was independent of an extensive list of biological and social
confounders and provides strong evidence that longer
breastfeeding may reduce the prevalence of obesity in
adolescents. Possible explanations discussed in earlier studies,
including behavioral and hormonal mechanisms and differences
in macronutrient intake.36

In this study, subjects who were breastfed for more than 25
days had lower FM, but actual breastfeeding p25 days was not
associated with body composition after adjustment. This high-
lighted there might be a duration-dependent effect of breastfeed-
ing on FM and %BF of adolescents, consistent with recent
evidence suggesting a longer period of breastfeeding was
associated with lower BMI at 1 year of age,37 and that
breastfeeding remained a significant protective factor up to age
5 to 6 y.38,39 Our results supported this hypothesis and suggested

the inverse association between duration of breastfeeding and
obesity might be a long term effect.
In this study, information of breastfeeding was collected and

confirmed with several methods and times to minimize measure
error and confounding. Breastfeeding is linked with socioeco-
nomic status, so it is difficult to separate the causal roles of
nutrition or socioeconomic status in early life.35,40 However, in this
study, we found that maternal marital status, educational level
and employment were not associated with body composition of
the offspring. Furthermore, after adjusting for other factors,
including paternal employment status, breastfeeding was still
significantly associated with lower FM of adolescents, suggesting
that breastfeeding itself was protective against obesity and this
did not appear attributable to differences in socioeconomic level
or lifestyle.
Several limitations should be considered in interpreting the

findings from the present study. First of all, children who took part
in this study were originally selected on the basis of having a
higher risk of sudden infant death syndrome, thus, were not
representative of Tasmanian children. There were a higher
proportion of males, premature babies, teenage mothers and
smoking during pregnancy. These findings suggested that this
group were of a lower socioeconomic status than the Tasmanian
population as a whole but could still be considered generalizable
according to the criteria outlined by Miettinen.41 In addition,
maternal nutrient intake (collected with a food frequency
questionnaire) were much greater than previous reports in
Australian pregnant women.42 This is likely to represent random
error rather than bias. We adjusted for energy by including
maternal energy intake in standard regression models, which
would reduce the effect of measurement error.43 Supporting this,
the energy intake of adolescents were negatively associated with
FM (kg and %) and BMI, which was in agreement with other
observations.
In conclusion, this study adds to the limited but growing

number of prospective studies that have examined the relation
between early diet and adolescent body composition. It suggests
that breastfeeding may have a biological effect that is beneficial
for the prevention of obesity. Conversely, higher maternal meat
intake during pregnancy may increase FM in adolescents.
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