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Infant feeding method and obesity: body mass index and dual-
energy X-ray absorptiometry measurements at 9-10 y of age from
the Avon Longitudinal Study of Parents and Children (ALSPAC)'

André M Toschke, Richard M Martin, Riidiger von Kries, Jonathan Wells, George Davey Smith, and Andrew R Ness

ABSTRACT

Background: Previous studies reported inconsistent associations
between breastfeeding and body mass index (BMI; in kg/m?). As-
sociations with body fatness are unknown.

Objective: We investigated the association of breastfeeding with
fatness measured by dual-energy X-ray absorptiometry.

Design: The prospective cohort study involved 4325 singletons with
measurements at 9—10 y of age to assess the main outcomes of BMI
and total and trunk fat masses.

Results: Prevalence of any breastfeeding was 82%. In crude anal-
yses, breastfeeding was inversely associated with total fat mass [%
change per category increase (4 categories)] in breastfeeding dura-
tion (—4.4%:;95% CI: —3.1%, —5.6%) and trunk fat mass (—0.5%;
95% CI: —1.1%,0.1%); the odds of adiposity were measured by total
[oddsratio (OR): 0.81;95% CI:0.75,0.88] and trunk (OR: 0.78;95%
CI: 0.71, 0.84) fat masses in the top decile. In adjusted models, the
inverse association of breastfeeding with mean total fat mass was
attenuated by 59% (% change per category increase in breastfeeding
duration: —1.8%; 95% CI: —0.5%, —3.1%), but associations with
trunk fat mass (% change per category increase in breastfeeding
duration: —0.6%; 95% CI: 0.0%, —1.3%) and the ORs for total
(0.76; 95% CI: 0.69, 0.84) and trunk (0.74; 95% CI: 0.67, 0.81) fat
masses in the top decile were little altered. Children breastfed =6 mo
had the lowest odds of total fat mass in the top decile (OR: 0.45;95%
CI:0.33,0.62). In multivariate models, there was little evidence that
breastfeeding was associated with mean or threshold values of BMI.
Conclusions: The protective association of breastfeeding with mean
total fat mass was attenuated somewhat after adjustment for con-
founders, which indicated that confounding may explain this asso-
ciation. Breastfeeding may protect against obesity if maintained for
=6 mo. Am J Clin Nutr 2007;85:1578-85.

KEY WORDS Avon Longitudinal Study of Parents and Chil-
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INTRODUCTION

Overweight and obesity are the most common nutritional dis-
orders in industrialized countries, and their prevalence continues
torise (1-3). Effective strategies to prevent childhood obesity are
needed because obesity in childhood predicts obesity in adult-
hood (4—6) and later cardiovascular disease (7-9), but therapeu-
tic interventions are expensive and tend to have poor long-term
results (3, 10).
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Various critical time periods for the development of later obe-
sity, including the perinatal period, have been proposed (11). A
World Health Organization report suggested that breastfeeding
is one perinatal factor that is probably associated with reduced
obesity risk (12). Evidence to support a protective effect of
breastfeeding on obesity has come largely from epidemiologic
studies, but recent systematic reviews (13—16) suggest that the
evidence base is less secure than was previously assumed (13, 14,
16). One of these reviews failed to observe a protective associ-
ation with mean body mass index (BMI; in kg/m2) (15), whereas
the others suggested a small protective association with obesity
(13, 14, 16), but the association was of uncertain public health
importance. These reviews have also highlighted that almost all
of the evidence on this issue relies on BMI, a surrogate measure
of adiposity, rather than on a more direct measure to assess excess
fat mass, such as dual-energy X-ray absorptiometry (DXA). To
our knowledge, only 2 previous studies investigated infant feed-
ing method and later adiposity with the use of DXA measure-
ments (17, 18). However, the sample size of each of those 2
studies was small (<400 subjects). Another issue is that breast-
feeding is associated with less obesogenic parental characteris-
tics, such as higher educational level, lower prevalence of pa-
rental obesity, and absence of maternal smoking in pregnancy
(19), but most previous studies do not adequately adjust for these
potential confounding variables (20, 21). In a previous analysis
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of the Avon Longitudinal Study of Parents and Children (AL-
SPAC), an inverse association of breastfeeding with obesity de-
fined by BMI thresholds was observed [odds ratio (OR) for
exclusive compared with never breastfed: 0.64] (22); this asso-
ciation was reversed after adjustment for a wide range of poten-
tial confounders (OR: 1.22), although overadjustment for risk
factors on the causal pathway was suggested (23).

The main aim of this study was to prospectively examine
associations of breastfeeding with adiposity at 9-10 y of age,
measured by DXA, with comprehensive but sequential control
for potential confounding factors. The secondary aim was to
examine these same associations with BMI as a proxy for adi-
posity.

SUBJECTS AND METHODS

Study population and data sources

ALSPAC is a longitudinal birth cohort study of the determi-
nants of development, health, and disease during childhood and
beyond. It is described in detail elsewhere (24). Briefly, 14 541
pregnant women with an expected date of delivery between April
1991 and December 1992 were enrolled; 13 971 of their children
formed the original cohort at 1 y of age.

The parents of each subject in the original study gave written
informed consent. Ethical approval was granted by the ALSPAC
Law and Ethics Committee and local research ethics committees.

Breastfeeding measures

Data on the method of infant feeding were obtained from
self-completion questionnaires sent to each mother when her
child was 6 and 15 mo of age. As in previous reports, prospective
information on breastfeeding duration was available as a cate-
gorical variable, and for this study we had information on the
exclusivity of breastfeeding up to and including 2 mo of age.
Duration of breastfeeding was coded as never, <3, 3-5, and =6
mo (25, 26). At 32 wk of gestation, mothers were asked whether
they intended to breastfeed or bottle-feed their child for the first
3 mo.

Anthropometry

Height, weight, and body composition were measured at 9—10
y of age. Height was measured with the use of a Harpenden
stadiometer (Holtain Ltd, Crymych, United Kingdom) while the
child was not wearing shoes or socks, and weight was measured
with the use of a body fat analyzer and weighing scales (Tanita
TBF 305; Tanita UK Ltd, Yewsley, United Kingdom). BMI was
calculated. Total fat, trunk (central) fat, and lean masses were
estimated with the use of a Lunar Prodigy DXA scanner (GE
Medical Systems Lunar, Madison, WI). The scans were visually
inspected and realigned when necessary. Trunk mass was esti-
mated with the use of the automatic default region that included
the chest and the abdominal and pelvic areas (27). Although
DXA cannot distinguish between intraabdominal and subcuta-
neous fat, research in children showed strong correlations be-
tween trunk fat mass measured with DXA and intraabdominal fat
measured with computed tomography or magnetic resonance
imaging (28).

Definitions of overweight and obesity

We defined overweight and obesity according to age- and
sex-specific cutoffs as proposed by the International Obesity
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Task Force (29). Well-established reference data from which to
identify cutoffs for overweight or obesity in children on the basis
of body-composition data from DXA scans are lacking. There-
fore, we categorized total fat and trunk fat masses into a binary
variable with the division at the top decile, after adjustment for
age, height, and height squared. These definitions identify those
children who are most likely to experience comorbidity, such as
obesity tracking, presence and clustering of cardiovascular risk
factors, and psychological problems (30). We examined the
above binary outcomes because breastfeeding may be associated
with the upper end of the adiposity distribution without affecting
the mean (31).

Potential confounding factors

The following variables that were previously shown to be
associated with obesity in ALSPAC and other cohorts were con-
sidered a priori as potential confounders: parental factors, pre-
natal factors, and later lifestyle factors (22, 32, 33). Parental
factors included maternal education, maternal BMI, and the so-
cial class of the mother or father (whichever was higher). Prenatal
factors included birth weight, gestational age, and intrauterine
tobacco exposure. Later lifestyle factors included time spent
sleeping at night at 42 mo of age, time spent in a vehicle per
weekend day, time spent watching television per week, age at
introduction of solid foods, and the dietary patterns of 4 food
groups as defined in previous publications (labeled as junk,
healthy, traditional, and fussy eating patterns) at 38 mo of age
(22, 34). These data were collected by means of mailed ques-
tionnaires, which were completed by the mother prenatally or
while her child was in infancy or childhood (22). Birth weight
was extracted from routine hospital birth records; gestational age
was estimated from the date of the last menstrual period and
findings from the routine (<20 wk) prenatal ultrasound scan.

Statistical analysis

Because BMI, total fat mass, and trunk fat mass had skewed
distributions, log-transformed values were used for analyses. For
continuous and categorical outcomes, linear and logistic regres-
sion analyses, respectively, were used to control for age at adi-
posity measurement, sex of the child, and the potential confound-
ing factors listed earlier. Lean mass and total and trunk fat masses
were also adjusted for height and height squared to take into
account differences in stature. Geometric means for continuous
adiposity measures by infant feeding method were calculated
from dummy variables included in respective models for each
continuous outcome variable. For categorical outcomes (over-
weight, obesity, and categorical DXA fat and lean mass mea-
sures), ORs (and 95% Cls) were calculated according to the
binomial distribution (35). P for trend values were derived from
models that included infant feeding method as a linear variable.

The following multivariate models are presented, which are
based on the potential confounders identified earlier (22, 32, 33,
36): 1) a basic model that controlled for age and sex (and height
and height squared for DXA measures); 2) model 2, which in-
cluded the basic model and also controlled for parental factors
(maternal BMI, maternal education, and parental social class); 3)
model 3, which included model 2 and also controlled for prenatal
factors (gestational age, birth weight, and maternal smoking dur-
ing pregnancy); and 4) model 4, which included model 3 and also
controlled for the child’s later lifestyle (television watching,
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TABLE 1
Distribution of potential confounders by duration of breastfeeding’
Breastfeeding
None <3 mo 3-5 mo =6 mo
Potential confounders (n=1782) (n = 994) (n=1759) (n = 1790) P?
Maternal education to at least A-level (%) 198 14 264+ 1.4 340 * 1.7 332+ 1.1 < 0.001
Maternal BMI (kg/m?) 23.8 +0.2 23.1 = 0.1 22.8 +0.1 224 + 0.1 < 0.001
Parental Registrar General’s social class between 60.0 = 1.8 478 £ 1.6 38.7+ 1.8 28.6 = 1.1 < 0.001
IIIm and VI (%)
Gestational age (wk) 394 £ 0.1 39.5 £ 0.1 39.4 £ 0.1 39.5+0.0 0.094
Birth weight (g) 3384 + 20.6 3413 = 16.8 3405 = 18.5 3481 = 11.9 < 0.001
Intrauterine tobacco exposure (%) 252 * 1.6 17512 17014 95+£0.7 < 0.001
Television watching =1 h per weekday (%) 80.6 £ 1.4 763 = 1.4 70.2 £ 1.7 64.1 = 1.1 < 0.001
Night sleep at 42 mo (h) 11.3 £ 0.0 11.2+0.0 11.3 £ 0.0 11.2+0.0 0.067
In a vehicle =1 h/d on weekend day (%) 384+ 1.7 347+ 1.5 324+ 1.7 302 = 1.1 < 0.001
Introduction of solid foods in first 3 mo (%) 763 £ 1.5 780+ 1.3 75.6 £ 1.6 61.6 = 1.1 < 0.001

 All values are X + SE.
2 Derived from linear or logistic regression as appropriate.

duration of night sleep, time per day spent in a vehicle on a
weekend day, age at introduction of solid foods, and dietary
patterns of 4 food groups at 38 mo of age) (34). Multicollinearity
of respective covariates was identified by a variance inflation
factor > 2.5 (37). Because of recent evidence, the possible in-
teractions of breastfeeding with maternal BMI (18, 38), maternal
smoking (22), and sex for later childhood adiposity were inves-
tigated a priori with the use of the likelihood ratio test in logistic
models.

To determine whether breastfeeding is simply a marker for
other unmeasured factors correlated with both the decision to
breastfeed and later adiposity, we investigated associations of
measures of adiposity with the prenatal intention of a mother to
breastfeed or to bottle-feed her newborn child. We also investi-
gated whether any breastfeeding-adiposity associations were ob-
served among children whose mothers had originally intended to
bottle-feed their child, because the act of breastfeeding in these
mothers may be less strongly associated with other healthy be-
haviors that protect against obesity in their offspring than it is in
mothers who always intended to breastfeed. All analyses were
performed with the use of SAS statistical software (version 9.1;
SAS Institute Inc, Cary, NC) and R (version 2.3.0; http://www.
r-project.org/).

RESULTS

After the exclusion of multiple births, analysis was confined to
4325 children with complete data on infant feeding, sex, anthro-
pometric measures and corresponding age, potential confound-
ers, and DXA measurements. The final sample consisted of 2178
boys (50.4%) and 2147 girls (49.6%). The mean (£SD) age at
height and weight measurements was 9.8 £ 0.3 y (range: 8.8—
11.7y); the age did not differ significantly between boys and girls
(P = 0.50).

Description of infant feeding method and body
composition

Never breastfeeding was reported by 782 (18.0%) mothers,
whereas 994 (23.0%) children were breastfed only in the first 3
mo, 759 (17.5%) children were breastfed from age 3 to 5 mo, and
1790 (41.4%) children were breastfed =6 mo. There was no

evidence that patterns of breastfeeding differed significantly be-
tween boys and girls (P = 0.35). A total of 13.1% started solid
foods within the first 2 mo. Mean values of BMI (17.4 = 1.31),
total fat mass (7.11 £ 0.53 kg), trunk fat mass (2.67 = 0.08 kg),
and total lean mass (24.32 £ 6.25 kg) were adjusted for age and
sex and also for the DXA measures, height, and height squared.
The age-, sex-, height-, and height squared—adjusted top decile
thresholds for total and trunk fat mass were at 10.8 kg and 3.9 kg,
respectively. Total and trunk fat masses from DXA measure-
ments were highly correlated (Pearson’s r = 0.99), whereas the
correlations between fat mass measures and BMI in the 4325
children were slightly lower (Pearson’s r = 0.88). Among obese
children (n = 261), the correlations between BMI and total or
trunk fat mass were lower (Pearson’s r = 0.75 and 0.71, respec-
tively).

Description of potential confounders

Overall, 59.5% of mothers and fathers had a Registrar Gener-
al’s social class between IIIm (skilled manual) and VI (armed
forces), whereas 47.6% of mothers had at least an A-level (ie,
grades 12 and 13) education. Mean maternal BMI, birth weight,
and gestational age values were 22.9 £ 3.7, 3435 £ 525 g, and
39.5 £ 1.7 wk, respectively. Smoking during pregnancy was
reported by 15.5% of the mothers. Overall, 33.1% of children
spentaminimum of 1 h/weekend day in a vehicle, whereas 70.9%
of the children watched television at age 4 y age for =1 h/week-
day. At 42 mo, the mean time spent sleeping per night was 11.3
£ 0.9 h. Breastfeeding duration was positively associated with
maternal education, higher parental social class, and birth weight
and was inversely associated with maternal BMI, maternal
smoking during pregnancy, introduction of solid foods in the first
3 mo, television watching, and time spent in a vehicle per week-
end day; gestational age and night sleep time were not related to
breastfeeding (Table 1).

Representativeness of the final sample

The final sample of 4325 children did not differ in key char-
acteristics from those potentially eligible singleton children who
did not take part. The mean values for birth weight, gestational
age, and maternal BMI were 3435 g,39.5 wk, and 22.9 in the final
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TABLE 2

Univariate and multivariate linear regression analyses showing associations of duration of breastfeeding with mean BMI and mean total fat, trunk fat, and

lean masses measured by dual-energy X-ray absorptiometry (DXA)’

BMI?
(kg/m?)

Total fat mass’
(kg)

Trunk fat mass’
(kg)

Total lean mass®
(kg)

Model 14

Never

<3 mo

3-5mo

=6 mo

Percentage change per category increase in
breastfeeding duration (%)

P for trend

Model 2°

Never

<3 mo

3-5 mo

=6 mo

Percentage change per category increase in
breastfeeding duration (%)

P for trend

Model 3°

Never

<3 mo

3-5mo

=6 mo

Percentage change per category increase in
breastfeeding duration (%)

P for trend

Model 47

Never

<3 mo

3-5mo

=6 mo

Percentage change per category increase in
breastfeeding duration (%)

P for trend

17.50 (16.86, 18.17)
17.70 (17.05, 18.37)
17.49 (16.85, 18.15)
17.15 (16.52, 17.80)
—-0.9(-05,-1.3)

< 0.001

17.27 (16.54, 18.02)
17.64 (16.90, 18.41)
17.51 (16.77, 18.28)
17.27 (16.55, 18.03)
—0.3(0.1, =0.7)

0.189

17.27 (16.49, 18.10)
17.66 (16.86, 18.50)
17.51 (16.72, 18.35)
17.26 (16.47, 18.08)
—0.3 (0.1, —0.7)

0.099

17.26 (16.34, 18.23)
17.64 (16.70, 18.63)
17.52 (16.59, 18.50)
17.27 (16.36, 18.24)
—0.2(0.2, —0.6)

0.238

7.52(7.16, 7.90)
7.55(7.19,7.93)
7.17 (6.83,7.53)
6.69 (6.37,7.02)
—44(=3.1,—5.6)

< 0.001

7.20 (6.82,7.61)
7.47 (7.07,7.89)
7.20 (6.81,7.60)
6.84 (6.84,7.23)
—24(-1.1,-37)

< 0.001

7.18(6.77,7.61)
7.48 (7.05,7.93)
7.19 (6.78, 7.62)
6.85 (6.46, 7.26)
—23(=1.0, =3.5)

< 0.001

6.86 (6.42,7.33)
7.14 (6.68,7.63)
6.91 (6.46,7.38)
6.62 (6.19, 7.08)
—1.8(—0.5, =3.1)

0.006

2.87(2.73,3.01)
2.86 (2.72, 3.00)
270 (2.57, 2.84)
2.48 (2.36,2.61)
—0.5(0.1, —1.1)

0.101

2.71(2.57,2.87)
2.82(2.67,2.98)
271 (2.57,2.87)
2.56 (2.42,2.70)
—0.7(=0.1, —1.3)

0.027

2.70 (2.55,2.86)
2.82 (2.66,2.99)
2.71(2.55,2.87)
2.56(2.42,2.72)
—0.6 (0.0, —1.3)

0.044

2.63 (2.46,2.81)
275 (2.57,2.94)
2.66 (2.49, 2.84)
2.54(2.37,2.71)
—0.6 (0.0, —1.3)

0.055

24.29 (23.13,25.51)
2438 (23.21, 25.60)
24.34 (23.18, 25.57)
24.28 (23.12, 25.50)
—0.1(0.1, —0.2)

0.467

24.22 (22.92,25.58)
24.36 (23.06, 25.74)
24.35(23.05, 25.73)
24.32(23.02, 25.69)
0.1 (0.3, —0.1)

0.441

24.23 (22.85, 25.68)
24.38 (22.99, 25.85)
24.36 (22.98, 25.83)
24.30 (22.92, 25.76)
—0.0 (0.2, —0.2)

0.733

24.25 (22.69, 25.92)
24.38 (22.82, 26.06)
24.36 (22.79, 26.04)
24.29 (22.72, 25.96)
—0.0(0.2, —0.2)

0.897

! All values are geometric x; 95% CI in parentheses.
2 Adjusted for age and sex.
7 Adjusted for age, sex, height, and height squared.

#Model 1 controls for age and sex (and height and height squared for DXA measures).

 Model 2 includes model 1 and additionally controls for parental factors (maternal BMI, maternal education, and parental social class).

% Model 3 includes model 2 and additionally controls for prenatal factors (gestational age, birth weight, and maternal smoking during pregnancy).

7 Model 4 includes model 3 and additionally controls for child’s later lifestyle (television watching, duration of night sleep, time per day spent in a vehicle
on a weekend day, age at introduction of solid foods, and dietary patterns of 4 food groups at 38 mo of age).

sample analyzed and 3378 g, 39.4 wk, and 23.0 in the entire
sample.

Association of breastfeeding with mean BMI and DXA
measures of fat and lean masses

The associations of breastfeeding with mean BMI and DXA-
measured mean total fat, trunk fat, and lean masses are shown in
Table 2. In the basic models, there was evidence that greater
duration of breastfeeding was associated with a reduction in total
fat mass (P for trend < 0.001), but the association was attenuated
by 59% in the fully adjusted model (from a coefficient of —4.4 to
—1.8). There was only weak evidence of an association of breast-
feeding with trunk fat mass (P = 0.06 in fully adjusted models),
and no association of breastfeeding with lean mass was observed
(P = 0.90 in fully adjusted models). There was an inverse asso-
ciation of duration of breastfeeding with BMI in the basic model,

but the association was attenuated by nearly 80% in the fully
adjusted model (from a coefficient of —0.9 to —0.2).

Association of breastfeeding with overweight and obesity

In the basic models, there was strong evidence that the prev-
alence of overweight and obesity (defined by BMI thresholds)
and the prevalence of total and trunk fat masses in the top decile
were lower in those who were breastfed for longer than in those
breastfed for a shorter time (P for trend < 0.01 for all; Table 3).
After adjustment for potential confounding factors, there was no
evidence of an association between duration of breastfeeding and
later overweight or obesity estimated from BMI measurements
(P for trend > 0.45 for all; Table 4). However, in fully adjusted
models, there was still strong evidence that the risks of total and
trunk fat masses in the top decile were lower in those who were
breastfed for longer than in those breastfed for a shorter time (P
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TABLE 3

Prevalence of overweight and obesity defined by BMI and total and trunk fat masses in the top decile measured by dual-energy X-ray absorptiometry

according to duration of breastfeeding

Duration of any breastfeeding Overweight Obesity’ Total fat mass® Trunk fat mass®
n (%)

Never (n = 782) 192 (24.6) 46 (5.9) 94 (12.0) 101 (12.9)
<3 mo (n = 994) 268 (27.0) 86 (8.7) 123 (12.4) 130 (13.1)
3-5mo (n = 759) 171 (22.5) 54(7.1) 89 (11.7) 81 (10.7)
=6 mo (n = 1790) 359 (20.1) 75 (4.2) 124 (6.9) 120 (6.7)
Total (n = 4325) 990 (22.9) 261 (6.0) 430 (9.9) 432 (10.0)

P for trend’ < 0.001 0.002 < 0.001 < 0.001

! Cutoffs from Cole et al (29).
2 Adjusted for age, sex, height, and height squared.
9 Derived from logistic regression analysis.

for trend < 0.001 for all), and this adjustment only slightly
altered the effect sizes estimated in the basic models. The mag-
nitude of the association with total and trunk fat masses in the top
decile was large in those who were breastfed for =6 mo; the risk

of being in the top decile for trunk and total fat masses was
55-58% lower in those breastfed for =6 mo than in those never
breastfed. There was no strong evidence of any interaction be-
tween duration of breastfeeding and maternal BMI or sex or

TABLE 4

Multivariate logistic regression analysis showing associations of duration of breastfeeding with overweight and obesity measured by BMI and total and
trunk fat masses in the top decile measured by dual-energy X-ray absorptiometry’

Overweight? Obesity? Total fat mass® Trunk fat mass®
Model 17
Never Reference Reference Reference Reference
<3 mo 1.13(0.92, 1.41) 1.51 (1.05, 2.20) 1.03 (0.78, 1.38) 1.02 (0.77, 1.34)
3-5 mo 0.89 (0.71, 1.13) 1.23(0.82, 1.84) 0.97 (0.71, 1.32) 0.81(0.59, 1.10)
=6 mo 0.77 (0.63, 0.94) 0.70 (0.48, 1.02) 0.55(0.41,0.72) 0.48 (0.37, 0.64)
Category increase in breastfeeding 0.89 (0.84, 0.95) 0.84 (0.76, 0.94) 0.81 (0.75, 0.88) 0.78 (0.71, 0.84)
duration
P for trend < 0.001 0.002 < 0.001 < 0.001
Model 2°
Never Reference Reference Reference Reference
<3 mo 1.38 (1.10, 1.73) 2.13 (1.43, 3.16) 1.02 (0.76, 1.36) 1.02 (0.77, 1.35)
3-5 mo 1.17 (0.91, 1.50) 1.93 (1.25,2.98) 0.94 (0.68, 1.29) 0.80(0.58, 1.11)
= 6mo 1.12(0.90, 1.40) 1.29 (0.86, 1.96) 0.51 (0.38, 0.69) 0.48 (0.36, 0.65)
Category increase in breastfeeding 1.00 (0.93, 1.07) 1.01 (0.90, 1.14) 0.79 (0.72, 0.87) 0.77 (0.70, 0.85)
duration
P for trend 0.990 0.810 < 0.001 < 0.001
Model 3°
Never Reference Reference Reference Reference
<3 mo 1.39 (1.11, 1.75) 2.13(1.44,3.17) 0.99 (0.74, 1.33) 1.00 (0.75, 1.,34)
3-5 mo 1.17 (0.91, 1.50) 1.92 (1.24, 2.96) 0.93 (0.67, 1.27) 0.79 (0.57, 1.09)
=6 mo 1.11 (0.89, 1.39) 1.28 (0.85, 1.94) 0.48 (0.36, 0.65) 0.44 (0.33, 0.60)
Category increase in breastfeeding 1.00 (0.93, 1.07) 1.01 (0.90, 1.14) 0.78 (0.71, 0.86) 0.75 (0.68, 0.82)
duration
P for trend 0.918 0.854 < 0.001 < 0.001
Model 47
Never Reference Reference Reference Reference
<3 mo 1.38 (1.10, 1.74) 2.20(1.47,3.27) 0.99 (0.74, 1.33) 0.99 (0.74, 1.32)
3-5 mo 1.18 (0.92, 1.52) 2.04 (1.31, 3.16) 0.89 (0.65, 1.23) 0.77 (0.55, 1.06)
=6 mo 1.14 (091, 1.43) 1.40(0.92, 2.14) 0.45 (0.33, 0.62) 0.42(0.31, 0.57)
Category increase in breastfeeding 1.01 (0.94, 1.08) 1.05 (0.93, 1.18) 0.76 (0.69, 0.84) 0.74 (0.67, 0.81)
duration
P for trend 0.832 0.473 < 0.001 < 0.001

" All values are odds ratios; 95% CI in parentheses.

2 Cutoffs are from Cole et al (29).

7 Adjusted for age, sex, height, and height squared.
#Model 1 controls for age and sex (and height and height squared for DXA measures).
? Model 2 includes model 1 and additionally controls for parental factors (maternal BMI, maternal education, and parental social class).

% Model 3 includes model 2 and additionally controls for prenatal factors (gestational age, birth weight, and maternal smoking during pregnancy).

7 Model 4 includes model 3 and additionally controls for child’s later lifestyle (television watching, duration of night sleep, time per day spent in a vehicle

on a weekend day, age at introduction of solid foods, and dietary patterns of 4 food groups at 38 mo of age).
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maternal smoking in pregnancy for later childhood obesity risk as
defined by BMI (P for interaction = 0.37, 0.20, and 0.11, re-
spectively).

In additional analyses, we found lower unadjusted mean val-
ues of adiposity measured by BMI and trunk and total fat masses
for exclusive compared with partial breastfeeding at 2 mo. How-
ever, after full adjustment for parental, prenatal, and later life-
style factors, a lower mean value could be observed only for total
fat mass (percentage of change compared with partial breastfeed-
ing: —3.7%; 95% CI: —0.4%, —7.0%), whereas there were no
differences with adiposity measured by BMI (P = 0.10) or trunk
fat mass (P = 0.24).

Further analyses examined associations of intention to breast-
feed with obesity defined by BMI and total and trunk fat masses
in the top decile. Models that adjusted for child’s age and sex
indicated protective effects of the intention to breastfeed—ORs
0f 0.89 (95% CI: 0.68, 1.16) for obesity, 0.93 (0.74, 1.16) for total
fat mass in the top decile, and 0.81 (0.65, 0.99) for trunk fat mass
in the top decile. A protective effect on fat mass was observed
after restriction of the study sample to mothers who either had
originally intended to breastfeed (reference never breastfeeding,
ORs: 1.00 for <3 mo, 0.92 for 3-5 mo, and 0.51 for =6 mo
breastfeeding; P = 0.04) or to bottle-feed (reference never
breastfeeding, ORs: 0.91 for < 3 mo, 0.83 for 3-5 mo, and 0.31
for =6 mo breastfeeding; P = 0.04).

DISCUSSION

We found little evidence of a strong protective effect of breast-
feeding on mean measures of adiposity, estimated by either BMI
or DXA-derived fat mass at 9-10 y of age. Although the asso-
ciation between breastfeeding and mean fat mass was conven-
tionally significant even after control for a wide range of con-
founders, the large degree of attenuation from the basic model
(59%) and the small magnitude of the fully adjusted effect size
indicate that confounding (as a result of plausible degrees of
measurement error in the covariates) is the likely explanation for
this association. There was evidence that breastfeeding for =6
mo was associated with areduction inrisk of overweight, defined
on the basis of a high measure of fat mass.

In contrast, inverse associations of breastfeeding with obesity
defined by BMI thresholds were reversed after control for po-
tential confounders. These findings may reflect the fact that BMI
is only a surrogate measure of fatness. However, adiposity rather
than weight per se is thought to explain the major health comor-
bidities associated with obesity. Thus, studies on obesity may be
misleading when BMI is used as an outcome, because of the
imprecise classification of obese children. The use of BMI as an
imprecise proxy for adiposity may also be an explanation for the
conflicting results found in the literature—eg, if the validity of
BMI as an adiposity measure varies in different populations.
Although DXA is considered a better tool for estimating body fat
than is BMI, a recent report suggested that DXA may overesti-
mate fat mass in obese children and adults (39). This possibility
would account for a shift of the DXA-derived fat mass distribu-
tion. Because we used the top decile as the cutoff in categorical
analyses, this bias is unlikely to explain the relation between
feeding mode and childhood fat mass in the top decile observed
in our analyses.

1583
Studies on breastfeeding and BMI

Although recent meta-analyses of observational studies sug-
gested a small protective effect of breastfeeding on adiposity
measured by BMI, neither residual or uncontrolled confounding
nor publication bias could be ruled out (13—-16). The one recent
systematic review (15) that attempted to supplement its meta-
analysis with data from unpublished sources showed that any
difference between mean BMI in breastfed and bottle-fed sub-
jects is probably small and unlikely to be of any public health
importance. The results of the present study support this view.

Our results for breastfeeding for =6 mo and childhood obesity
based on thresholds of DXA-defined fat mass are also in line with
arecent meta-analysis suggesting that longer duration of breast-
feeding may be inversely associated with obesity defined by BMI
thresholds (16). This association in those with high fat is inter-
esting because of the magnitude of the effect size and the further
observation that breastfeeding had little effect on the mean value,
which is not associated with poor health. Although some studies
have reported an inverse relation between BMI and duration of
breastfeeding (40, 41), another study did not (42). However, that
study also suggested that the most beneficial effect for breast-
feeding occurred from ages 6—8 mo, but that there was an in-
creasing prevalence of obesity defined by BMI with =9 mo of
breastfeeding (42).

A previous analysis of ALSPAC did not yield a protective
effect for breastfeeding on obesity defined by BMI at the earlier
age of 7y (22). However, breastfeeding in women who did not
smoke during pregnancy (but not in women who smoked during
pregnancy) was associated with a lower risk of obesity. Further-
more, it was suggested that overadjustment for risk factors on the
causal pathway may have been the reason for the lack of a main
effect of breastfeeding (23). Overadjustment for such collinear
factors may even reverse effects (43). In the present study, we
found that a careful and sequential adjustment for potential con-
founders not on the causal pathway did not materially attenuate
associations of breastfeeding with categorized DXA-derived
measures.

The 2 studies from the literature that examined a potential
association between infant feeding method and DXA-derived fat
mass reported conflicting results. One study observed an inverse
association in children up to adolescence but did not adjust for
potential parental confounders (18). The other study found
0.28-kg lower fully adjusted fat mass in 5-y-old children who had
been ever breastfed than in those who had been bottle-fed, but the
sample size was small (n = 313), and this result was not con-
ventionally significant (P = 0.17) (17).

Methodologic considerations

Because the breastfeeding information was obtained near the
time of actual breastfeeding and before outcome measurement,
recall bias should not be an issue. To control for selection bias
because of complete case analysis, crude variable estimates for
the association of breastfeeding with childhood adiposity mea-
sures were compared between the entire sample with information
on both adiposity measures and breastfeeding and the restricted
complete case sample. Crude point estimates as well as key
characteristics such as birth weight, gestational age, and maternal
BMI were not significantly different, which makes selection bias
due to complete case analysis unlikely.

9102 ‘0T ABN U0 AYVHEIT ONYILYd AINN FLVLS VINVATASNNIJ ¥e 1o uonuinu-udfe woy papeojumoq


http://ajcn.nutrition.org/

@ The American Journal of Clinical Nutrition

1584

Reverse causation for the effect of prolonged breastfeeding on
obesity cannot be ruled out (44). Children with early weight gain
were reported more likely to be obese (45), possibly because of
a greater amount of consumed food and earlier weaning (ie, if
hungry and not sleeping). Thus, children with prolonged breast-
feeding may be slower-growing children with smaller appetites,
and the effect of breastfeeding duration may be a marker for a
predisposition to put on weight.

Breastfeeding and formula-feeding mothers differ in various
ways, and residual or unmeasured confounding is a likely expla-
nation for the small association we observed in infants between
having been breastfed and mean fat mass. However, control for
several potential socioeconomic, parental, prenatal, and child-
hood confounding factors made no difference to effect estimates
for the binary outcome, fat mass above or below the top decile.
This association was also observed after restriction to those
mothers who were initially intending to breastfeed or to
bottle-feed, which strengthens the possibility that the breast-
feeding effect on the top decile of fat mass is biological rather
than being related to factors influencing both breastfeeding
intent and obesity.

Conclusions

Breastfeeding was not associated with an important shift in the
distribution of adiposity, based either on BMI or DXA-derived fat
mass. There was evidence that longer duration of breastfeeding was
associated with a reduced risk of fat mass in the top decile but not
with obesity based on BMI thresholds. The contrasting results may
be due to greater accuracy of DXA. This finding may have impli-
cations for studies suggesting small effect sizes on obesity, because
effect size and accuracy of the outcome variable directly influence
sample power. Nevertheless, uncontrolled confounding can never
be ruled out in an observational study (46). A clinical trial with
random assignment of mothers to breastfeeding or formula feeding
is not feasible and is probably unethical, but the hypothesis that
breastfeeding influences later adiposity could be tested in large,
randomized, controlled trials of successful breastfeeding promotion
interventions with long-term follow-up (47). Analysis of such a trial
on an intention-to-treat basis would provide a robust estimate of the
breastfeeding effect on adiposity that should be free of the confound-
ing that limits the interpretation of observational studies. The causal
effect for components of human milk could also be tested in randomized
trials with formulas of different nutrient compositions. [ ]
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